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MALE REPRODUCTIVE DISORDERS AND FERTILITY
TRENDS: INFLUENCES OF ENVIRONMENT AND
GENETIC SUSCEPTIBILITY

Niels E. Skakkebaek, Ewa Rajpert-De Meyts, Germaine M. Buck Louis, Jorma Toppari,
Anna-Maria Andersson, Michael L. Eisenberg, Tina Kold Jensen, Niels Jargensen,
Shanna H. Swan, Katherine J. Sapra, Seren Ziebe, Laerke Priskorn, and Anders Juul
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Figure |I. Temporal decline in sperm concentration
(x 10°/ml) from 1965 to 2015, bubble size corresponds to
the number of men in the study.

A time dependent
decline in sperm
concentration was
observed from
1965 to 2015
(r=0.307, p=0.02)
An overall
32.5%decrease in
mean sperm
concentration




GRAPHICAL ABSTRACT

Sperm count is declining at an accelerated pace globally

2017 PAPER

4 ‘
2AwE L) NN, \:

101v mlll/ml 49 mlll/ml
(1973) (2018)

® >1972
® >2000
-1.16% per year

-2.64% per year
YEAR

Sperm count is declining at an accelerated pace globally.

Human Reproduction Update, Vol.29, No.2, pp. 157-176, 2023
“ FERTILITY  Advance Access Publication on November 15, 2022  https://doi.org/10.1093/humupd/dmac035
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The percentage of clones with point mutations in DNA cloned from the D19S49 marker of

men with early MA (meiotic arrest), incomplete MA, or normal spermatogenesis

40 -

% of clones with point mutations

2 11 43 31 6 19I i, NI N2 N3 N4 NS5
Early MA Incomplete Normal
MA

Nudell D et al. Hum. Reprod. 2000;15:1289-1294
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Hormonal Factors
Low testosterone and Overall Mortality

A Total mortality

Cumulative survival

Years of follow up

Khaw et al, 2007
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Insuficiéncia
androgénica
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Skakkebaek NE. Hum Rep 16(5). 972 -8, 2001
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Cancer development in men evaluated for infertility

0.04

0.03

Proportion developing cancer
0.02

1

[ ———————————— — "

0.00 0.01
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Number at risk
Non Azoo 1787
Azoo 451

Eisenberg et al, 2013
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Infertility and Testis Cancer

= Examined >30,000 men who had a semen analysis in Copenhagen from 1963-1995

= Linked to Danish Cancer Registry

Jacobsen et al, BMJ, 2000
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Infertility and Testis Cancer

Semen Observed Expected
parameter cases cases

Concentration  0-20 10,509 14.4 2.3(1.6,3.2)
>20 18,668 42 36.9 1.1 (0.8, 1.5)
Motility Poor 1,312 7 28 2.5(1.0,5.2)
Good 19,362 44 28 1.6 (1.1, 2.1)
Morphology (% >75 528 4 1.4 3.0 (0.8, 7.6)
9bnerma) 0-75 27,618 64 47.8 1.3(1.0,1.7)

P
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Infertility and Testis Cancer

Author, Year, Infertile Controls Relative risk 95% CI p value
Jam R et dar' zm 46/13184 42/18667 1.551 1.021 to 2.355
Walsh TJ et al*®, 2009 13/4549 17/14556 2.447 1.189 t0 5.034
Eisenberg ML et al'®, 2015 85/123467 251/760829 2.087 1.632 to 2.669
Hanson HA et al*®, 2016 30/20432 10/20432 3.000 1.467 10 6.135
Total (fixed effects) 174/161632 320/814484 2.033 1.6711t02.474 <0.001
Total (random effects) 174/161632 320/814484 2.033 1.665 to 2.481 <0.001
Jacobsen R et al, 2000 - —i—
Waish TJ et al, 2009 ~ )
Eisenberg ML et al, 2015 =~ —
Hanson HA et al, 2016 - -
Total (fixed effects) g =
Total (random effects) B i
A 1 ¥ L] 18-85 :F§
10° 10'
Relative nsk

FERTILITY

Del Giudice et al, Fert Ster, 2020



Infertility and Prostate Cancer

- Natural conception '[VF  sones ICSI
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Infertility and Prostate Cancer

Author, year Infertile Controls Relative risk 95% ClI p value
Walsh TJ et al*®, 2010 56/4549 64/14556 2.800 1.959 to 4.002
Eisenberg ML et al'®, 2015 154/123467 464/760829 2.045 1.705 to 2.454
Hanson HA et al,™ 2016 27/20432 31/20432 0.871 0.520 to 1.459
Al-Jebari Y et al 2019 140/35499 3244/1145990 1.393 1.177 to 1.648
Total (fixed effects)  377/183947 3803/1941807 1.681 1.501 to 1.882 <0.001
Total (random effects) 3771183947 3803/1941807 1.678 1.170 to 2.407 0.005
Walsh TJ et al, 2010 - ——
Esenberg ML et al, 2015 = "
Hanson HA et al 2016 - —e—
Al-Jeban Y et al, 2019 - kil
Total (fixed effects) . &
Total (random effects) = <
A ' LB ] % B 'R0 TT' 3 g 9980 & ITYT
10" 10° 10’
Relative nsk
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Male infertility: a biomarker of
individual and familial cancer risk

Brent M. Hanson, M.D.,® Michael L. Eisenberg, M.D..,P and James M. Hotaling, M.D., M.S., F.E.C.S.M.

@ Department of Obstetrics and Gynecology, University of Utah, Salt Lake City, Utah; ® Male Reproductive Medicine and
Surgery Program, Departments of Urology and Obstetrics and Gynecology, Stanford University, Stanford, California; and
¢ Center for Reconstructive Urology and Men's Health, Department of Surgery-Urology, University of Utah, Salt Lake

City, Utah
Fertility and Sterility® Vol. 109, No. 1, January 2018
Testicular Cancer Melanoma
= Average age of » Average age of diagnosis: 63 Prostate Cancer
dia ngsiS'gB3 « 20 times more common in - Average age of
. MOZt con;mon cancer in whites than African diagnosis: 66
g Americans » Rare before age 40

men ages 15-34

= Represents 1% of all
male malignancies

= Prevalence in US: 4.84

»  11.6% of men will be
diagnosed with
prostate cancer in their

* Not uncommon in patients
less than 30
= Accounts for 1% of skin

cancers lifetin
per 100,000 men : -
LL e o fnnec = Estimated 52,170 new cases « Possible relationship to
" S — S —— ] infertility and
1 1 I
Unclear relatior " fatherhood
melanoma & infert !
|

Age at
Diagnosis

Thyroid Cancer

Acute lymphoblastic Non-Hodgkin Lymphoma

leukemia e = Average age of diagnosis: = Average age of diagnosis: 65-74
45-54 = New cases per year: 19.5 per
= Average age of » Incidence in men: 14.2 per 100,000 men (2010-2014 data)
diagnosis: less than 5 100,000 - Represents 4.3% of all new cancer
years old - Represents 3.4% of new cases
»  0.1% lifetime risk cancer cases ;
* Represents 0.4% of new yeaT STV ? Elevated risk in infertile men.
cancer cases » Possibly elevated risk in 15t
= ar cianzival rato- and 27 degree relatives of
‘TL‘lk_i ele\ ] .}."(Y‘,‘iﬂ!"’ﬂi’ men
iblings of st n

Specific malignancies associated with infertile men and their family members by average age at diagnosis.
Hanson. Male infertility and cancer risk. Fertil Steril 2017.
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Social Factors
Partners & Kids

= Cohabitiation lowers mortality

= Children lower mortality

All Cause Mortality

Male characteristics

Cohabiting custodial fathers

Reference

Weitoft et al, 2004

FERTILITY
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Social Factors
Partners & Kids

= Cohabitiation lowers mortality

= Children lower mortality

All Cause Mortality

Male characteristics

Cohabiting custodial fathers

Reference

Lone custodial fathers 1.6 (1.4-1.9)

Weitoft et al, 2004
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Social Factors
Partners & Kids

= Cohabitiation lowers mortality

= Children lower mortality

All Cause Mortality
Cohabiting custodial fathers Reference
Lone custodial fathers 1.6 (1.4-1.9)

2.7 (2.5-2.8)

Lone non custodial fathers

Weitoft et al, 2004
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Social Factors
Partners & Kids

= Cohabitiation lowers mortality

= Children lower mortality

All Cause Mortality

Cohabiting custodial fathers Reference

Lone custodial fathers 1.6 (1.4-1.9)
Lone non custodial fathers 2.7 (2.5-2.8)
Cohabiting childless men 1.6 (1.5-1.7)

Weitoft et al, 2004

FERTILITY
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Social Factors
Partners & Kids

= Cohabitiation lowers mortality

= Children lower mortality

All Cause Mortality

Cohabiting custodial fathers Reference
Lone custodial fathers 1.6 (1.4-1.9)
Lone non custodial fathers 2.7 (2.5-2.8)
Cohabiting childless men 1.6 (1.5-1.7)
Lone childless 2.9 (2.8-3.0)

Weitoft et al, 2004
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BMI and Low Sperm Counts

2.75
2.50 —
- 225 —
o
® 2.00 — ¥
a
- 175 -
i
o
ﬁ 1.50 —
§ 1.25 +
el : t
0.75 <
T T T T T
<18.5 18.5-24.9 25.0-29.9 30.0-39.9 > 40.0
Cases: Events / N 65/288 1285/4649 476/1480 148/244
Controls: Events / N 1363/5687 1623/6416 1623/6416 1345/4852
Number of studies 13 21 21 14
“ Body mass index (kg/m?)

Sermondade et al, 2012



Human Reproduction Update Advance Access published December 12, 2012
Human Reproduction Update, Vol.0, No.0 pp. 1 =11, 2012
doi: 101093 Y humupd S dms050

BMI in relation to sperm count:

an updated systematic review
and collaborative meta-analysis

N. Sermondade "2, C. Faure!-2, L. Fezeu?, A.G. Shayeb3, J-P. Bonde?,
T.K. Jensen®, M. Van Welys. J- Cao?, A.C. Martini®, M. Eskandar?,
J.E. Chavarro %!l 5§ Koloszar!2, J.M. Twigt!3, C.H. Ramlau-Hansen'4,
E. Borges Jr'5, F. Lotti'%, R.P.M. Steegers-Theunissen'3, B. Zorn'?,
A.). Polotsky'8, S. La Vignera'?, B. Eskenazi??, K. Tremellen?!,

E.V. Magnusdottir22, I. Fejes??, S. Hercberg?24, R. Lévy .21,

and S. Czernichow?25.26"T

Q 21 estudos, 13.077homens da populacdo geral e em investigacao
de infertilidade

Estudo da relacdo entre BMI e incidéncia de
oligozoospermia / azoospermia

Q Comparados com homens com peso normal:
x Sobpeso: OR= 1,15 (0,93,43)

X Sobrepeso: OR=1,11 (1,01,21)
X Obeso: OR=1,28 (1,0d4,55)
X Obeso morbido : OR= 2,04 (1,52,62)
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Reproductive BioMedicine Online (2015) 31, 30-38

www.sciencedirect.com
www.rbmonline.com

ARTICLE

The impact of food intake and social habits on (@) cosvs
embryo quality and the likelihood of
blastocyst formation

Daniela Paes Almeida Ferreira Braga **, Gabriela Halpern ®, Amanda S Setti ®,
Rita Cassia S Figueira ¢, Assumpto laconelli Jr ?, Edson Borges Jr ?

2659 embrioes 13269 pacientes submetidas a ICSI

o Qualidade embrionaria em estagio de clivagem : negativamente
influenciada pelo alcool e cigarro; positivamente influenciada pelo
consumo de cereal, vegetais e frutas

o Formacao de blastocisto : negativamente influenciada pelo consumo
de carne vermelha, perda de peso (dieta), alcool e cigarro;
positivamente influenciada pelo consumo frutas e peixes

-
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Reproductive BioMedicine Online (2015) 31, 30-38

www.sciencedirect.com
www.rbmonline.com

ARTICLE

The impact of food intake and social habits on (@) cosvs
embryo quality and the likelihood of
blastocyst formation

Daniela Paes Almeida Ferreira Braga **, Gabriela Halpern ®, Amanda S Setti ®,
Rita Cassia S Figueira ¢, Assumpto laconelli Jr ?, Edson Borges Jr ?

o0 Consumo de carne vermelha, peso e dietas influenciam
negativamente as taxas de implantacao e gestacao

-
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Food intake and social habits In
male patients and its relationship to
Intracytoplasmic sperm injection
outcomes

Daniela Paes de Almeida Ferreira Braga, D.V.M., M.5c.,*? Gabriela Halpern, M.Sc.,? Rita de Cdssia S. Figueira, M.Sc.,?
Amanda S. Setti, B.Sc.,” Assumpto laconelli Jr., M.D.,” and Edson Borges Jr., M.D., Ph.D.*®

Fertility and Sterility® Vol. 97, No. 1, January 2012

e Influéncia dos habitos sociais e alimentares no sémen e nos resultados de
ICSI

e Estudo coorte observacional com 250 homens tratados com ICSI
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® > FERTILITY



Food intake and social habits in
male patients and its relationship to
Intracytoplasmic sperm injection
outcomes

Daniela Paes de Almeida Ferreira Braga, D.V.M., M.Sp.,‘"b Gabriela Halpern, M.5c.,” Rita de Cassia S. Figueira, M.Sc.,”
AmandaS. Setti, B.Sc.,® Assumpto laconelli Jr., M.D.,* and Edson Borges Jr., M.D., Ph.D.*"

Fertility and Sterility® Vol. 97, No. 1, January 2012

o Concentracao : negativamente influenciada pelo IMC e
alcool; positivamente influenciada pelo consumo de
cereal e no. refeicOes/dia

0 Motilidade : negativamente influenciada pelo IMC,
alcool e cigarro; positivamente influenciada pelo
consumo de cereal e frutas
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Food intake and social habits in
male patients and its relationship to
Intracytoplasmic sperm injection
outcomes

Daniela Paes de Almeida Ferreira Braga, D.V.M., M.5c.,*® Gabriela Halpern, M.Sc., Rita de Cassia . Figueira, M.Sc.,?
AmandaS. Setti, B.Sc.,® Assumpto laconelli Jr., M.D.,* and Edson Borges Jr., M.D., Ph.D.*"

Fertility and Sterility® Vol. 97, No. 1, January 2012

o Alcool: impacto negativo na fertilizac&o

o Carne vermelha e dieta (perda peso) :impacto
negativo na implantacao / diminui as chances de

gestacao
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Impacto da orientacao nutricional em resultados de ciclos de
reprOdugéo aSSIStIda JBRA Assist. Reprod. | V. 17 | n°1 | Jan-Feb / 2013

Gabriela Halpern?, Fatima Aparecida Arantes Sardinha?, Amanda Setti®, Assumpto Iaconelli Jr,* Edson Borges Jr°

o Fertilizacao (81.0% and 67.1% p = 0.0225)

0 Gestacao (46.9% and 28.6% p = 0.0396)

V Pacientes que receberam esta orientacao tiveram 2X
mais chances de engravidar (OR: 2.27, p = 0.0408)
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ORIGINAL ARTICLE

Paternal lifestyle factors in relation to semen quality and in
vitro reproductive outcomes

Edson Borges Jrt? | Daniela Paes de Almeida Ferreira Br.‘agal'2 |

Rodrigo R. Provenza® | Rita de Cassia Savio Figueira! | Assumpto laconelli Jr*? |

Amanda Souza Setti'?

0 965 homens: estudaods
233 fizeram ICSI

Fator masculino isolado
1° ciclo de tratamento
Idade mulherr < 36 anos

©O O OO

1.Quantos cigarros/ dia?

2.Consumo semanal de alcool ?

3.Frequéncia de exercicios ?

4. Medicacbes nos ultimos 3 meses? Qual?

5. EXposicao a agentes toxicos, pesticidas , radiacao etc..
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TABLE 2 Linearregression analyses’ results for the influence of paternal lifestyle factors on semen quality (n = 965)

Note. B: unstandardised regression coefficient; SDF: sperm DNA fragmentation; TMSC: total motile sperm count.

-
Qe FERTILITY

Andrologia 2018;e13090.

Alcohol Occupation
Cigarette smoking consumption exposure Physical activity Medication use
Lifestyle factors B p B p B p B p B p
Semen quality
Semen volume -0.417 0.047 -0.1363 0.592 -0.2611 0.702 0.1146 0.436 0.0219 0.880
Sperm count/ml -7.363 0.014  -12.527 0.040 | -31.10 0.169 -3.329 0.494 0.984 0.838
Total sperm count -4.43 0.023 -3491 0.156 | -80.79 0.299 5.85 0.728 -2.75 0.868
Total sperm motility 2.316 0.347 0.342 0.895 -7.362 0.285 -0.728 0.617 -0.595 0.684
Progressive sperm -0.369 0.887 2.547 0.240 -7.660 0.297 -0.983 0.528 -0.225 0.885
motility
TMSC -1.38 0.045  -16.33 0.278 | -43.23 0.330 0.094 0.992 -1.319 0.889
Sperm morphology -0.0563 0.779 0.3751 0.180 0.2071 0.713 -0.1977 0.098 -0.0633 0.598
SDF 0.014 0.033 5.833 0.002 -2.334 0.586 -1.1684 0.221 0.6005 0.521

https://doi.org/10.1111/and.13090



TABLE 3 Linearregression analyses’ results for the association between paternal lifestyle factors and ICSI outcomes (h = 233)

Lifestyle factors

ICSI outcomes
Fertilisation rate
High-quality embryos rate
onday3

Blastocyst formation rate
onday 5

Implantation rate

Alcohol Occupation
Cigarette smoking consumption exposure Physical activity Medication use
B p B p B p B p B p
-1.349 0.039 -3.617 0.041 3.71 0.759 1.600 0.473 -2.236 0.406
4.383 0.450 9.559 0.166 -11.24 0.619 1.359 0.704 6.925 0.182
-14.244 0.025 -34.801 0.042 0.13 0.996 -6.411 0.111 -3.691 0.548
5.384 0.451 -0.770 0.190 -23.94 0.475 -2.913 0.469 9.502 0.142

Note. B: unstandardised regression coefficient; ICSI: intracytoplasmic sperm injection
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Occupational factors and markers of
testicular function among men
attending a fertility center

Lidia Minguez-Alarcén ® "2*, Paige L. Williams®*, Irene Souter®,
Jennifer B. Ford', Ramsy Abou Ghaydaé, Russ Hauser'*’, and
Jorge E. Chavarro ® »*%; for the Earth Study Team

C Self-reported information on lifting/moving heavy objects, typical shift,
and physical level of exertion at work was collected from a take -home

guestionnaire.

C Semen samples were analyzed following World Health Organization
guidelines.

C Enzyme immunoassays were used to assess reproductive hormone
concentrations.
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Mean adjusted FSH, IU/L Mean adjusted LH, IU/L

Level of physical exertion, p value=0.69 Level of physical exertion, p value=0.76
Moderate/Heavy 5.46 Moderate/Heavy
Light Light
Typical work shift, p value=0.74 Typical work shift, p value=0.94
Evening/Rotating Evening/Rotating
Day Day
Moving/lifting heavy ob) value=0.82 Moving/lifting h objects, p value=0.53
Sometimes/Often Sometimes/Often
Never 566 Never
0 1 2 3 4 5 6 7 0 1 2 3 4 5
Mean adjusted Total Testosterone, ng/dL Mean adjusted Estradiol, pg/mL
Level of ﬂﬁlal exortioni i value=0.08 Level of physical exertion, p value=0.32
Moderate/Heavy Moderate/Heavy 35.9
Light 427 Light
Typical work shift, p value=0.04
Evening/Rotating Lo Evening/Rotating
Day Day
Movln‘llftlni h.ﬂ oblectsi i value=0.20
Sometimes/Often Sometimes/Often
0 100 200 300 400 500 600 700 0 10 20 30 40 50
Human Reproduction, Vol.38, No.4, pp. 529 1 536, 2023
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Use of laptop computers connected
to internet through Wi-Fi decreases
human sperm motility and increases
sperm DNA fragmentation

Conrado Avendano, M.S.,? Ariela Mata, M.S.,? César A. Sanchez Sarmiento, M.D., Ph.D.,?
and Gustavo F. Doncel, M.D., Ph.D.P

2 Nascentis Medicina Reproductiva, Cordoba, Argentina; and ® CONRAD, Department of Obstetrics and Gynecology, Eastern Virginia Medical
School, Norfolk, Virginia

Fertility and Sterility® Vol. 97, No. 1, January 2012

C Donor sperm samples, mostly normozoospermic , exposed ex vivo during 4
hours to a wireless internet -connected laptop showed a significant decrease
In progressive sperm motility and an increase in sperm DNA fragmentation.

C Keeping a laptop connected wirelessly to the internet on the lap near the
testes may result in decreased male fertility.
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P EFFECT OF ELECTROMAGNETIC RADIATION

Brores EMITTED BY CELL PHONES ON SPERM MOTILITY
AND VIABILITY - AN IN VITRO STUDY

Kajal Khodamoradi
University of Miami Miller School of Medicine ((D))

O Cell phones emit radiofrequency balectramagnetic radiation (RFF-EMR)to
transmit data for social media, web browsing, and music / podcast streaming.

O The advent of Bluetooth earbuds has presumably prolonged thetamount of |
time:the-cell phone«esides:inithe trouserpockets:i= of men. This places the cell
phone and its respective RF -EMR near the: testicles-for prolonged:times:

O RFEMR is considered an environmental pollutant and has been postulated to
Incnease-axidative stress=anchinduce freérradical fonmationation
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SR EFFECT OF ELECTROMAGNETIC RADIATION

<osrm

Brores EMITTED BY CELL PHONES ON SPERM MOTILITY
AND VIABILITY - AN IN VITRO STUDY

Kajal Khodamoradi

University of Miami Miller School of Medicine D

O In this pilot, but adequately powered study, we observed that
sperm motility and viability are negatively impacted with
smartphones that utilized data omthe AIFI Spectrum um.

O It appears that heat that is emanated from the device
contributes to this effect, as the-device was:notedtol be He
warmerthamwhen phones were used only withl either4Gtorer 4C o)
5G.
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Other Health Conditions
Vascular and Metabolic Disease
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Ischemic Heart Disease Incidence Estimate

0.05 4 |+ Censored |
0.04
o 0.03-
Qo
c
]
o
(&)
£
0.02 +
0.01 H
—— Male factor infertility
— Infertility testing
— Vasectomy
0.00 -
1 1 1 I 1 1 1
0 1 2 5 4 5 6

Follow Up Time (years)

Eisenberg et al, Fert Ster, 2016

P
> FERTILITY



Diabetes Incidence Estimate
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Rheumatoid Arthritis & Other Inflammatory
Polyarthropathies Incidence Estimate
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Psoriasis Incidence Estimate

s

= |
=
©
0
O
| .
A 201
@ O
g
=
‘©
[
o— Infertile
w— \/asectomy
e Control
0.00

| I 1 I 1 1 I

0 1 2 3 4 S 6

Follow Up in Years
Brubaker et al, Andrology, 2018

FERTILITY



Infertility and Mortality
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Relationship between Semen Quality and
Mortality

® American Journal of Epidemiology Vol. 170, No. 5
ME © The Author 2009. Published by the Johns Hopkins Bloomberg School of Public Health. DOI: 10.1093/ajekwp168
All rights reserved. For permissions, please e-mail: journals permissions @oxfordjoumals.org. Advance Access publication July 27, 2009

Original Contribution

Good Semen Quality and Life Expectancy: A Cohort Study of 43,277 Men

Tina Kold Jensen, Rune Jacobsen, Kaare Christensen, Niels Christian Nielsen, and Erik Bostofte
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Comparison of semen parameters to mortality
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Figure 1 Main factors involved in impaired male infertility due to reproductive aging.
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The effect of paternal factors on
perinatal and paediatric outcomes:
a systematic review and meta-analysis

Nan B. Oldereid @ ", Ulla-Britt Wennerholm?, Anja Pinborg3,
Anne Loft®, Hannele Laivuori®®”®, Max Petzold’,

Liv Bente Romundstad'®'', Viveca Séderstrém-Anttila'?,

and Christina Bergh'?
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© 14.371 artigos, 238 incluidos, 81 para a meta  -andlise

© Idade, estilo de vida, peso, altura, gordura corporal, cigarro
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