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Global fertility in 204 countries and territories, 1950-2021,
with forecasts to 2100: a comprehensive demographic
analysis for the Global Burden of Disease Study 2021

——  GBD 2021 Fertility and Forecasting Collaborators* _

= Global
—— Central Europe, eastern Europe, and central Asia
—— High income
—— Latin America and Caribbean
—— Noyfth Africa and Middle East
Squth Asia
butheast Asia, east Asia, and Oceania
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Figure 1: TFR, globally and by GBD super-region, 1950-2100
The dashed horizontal line indicates replacement TFR (2-1), and the dashed vertical line indicates the year 2022
FERTGROUP (the first forecast year). GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. TFR=total fertility rate.

www.thelancet.com Published online March 20, 2024 https://doi.org/10.1016/50140-6736(24)00550-6



AQ The decline in fertility is a
regional trend

In one decade, eight LAC countries had
steeper drops in total births than the U.S.
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Figure 2 World map containing percentages of infertility cases per region that are due to male factor. This figure demonstrates rates of infertility cases in
each region studied (North America, Latin America, Africa, Europe, Central/Eastern Europe, Middle East, Asia, and Oceania) due to male factor involvement.
J

) rhicdi = REPRODUCTIVE BIOLOGY Agarwal et al. Reproductive Biology and Endocrinology (2015)13:37
J==/=4—" AND ENDOCRINOLOGY DOI 10.1186/512958-015-0032-1
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Physiol Rev 96: 55-97, 2016
Published November 18, 2015; doi: 10.1152 /physrev.00017.2015

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 7. Incidence of cryptorchidism at birth on the basis of
prospective clinical studies from the 1950s to the 2000s in Den-
mark, Finland, and United Kingdom. The data points are marked on

the year of the publication of the study which represents the preced-
ing incidence rate (3, 4/, 61, 184, 377).
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FIGURE 8. Recent changes in male pubertal timing. Testicular
volume was >3 ml. [From Mouritsen et al. (293).]
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Incidéncia de Cancer de Testiculo
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FIGURE 4. Trends in testicular cancer; age-standardized (world) incidence [regional or national), all ages.
[Modified from Znaor et al. (48 1). Courtesy of Dr. Arinana Znaor and statistician Mathieu Laversanne, M.Sc.,
VWVHO, International Agency for Research in Cancer (IARC), Lyon, France.]
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Decline in semen quality among infertile men in Brazil
during the past 10 years
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Decline in semen quality among infertile men in Brazil
during the past 10 years

Edson Borges Jr 12, Armanda Souza Setti 12 Daniela Faes de Almeida Ferreira Braga'2 Rita de Cassia Savio
Figueira !, Assumpto laconelli Jr. 12

Variable 2000- 2002 2010- 2012
(n=764) (n=1536)

Azoospermia 4.9% 8.5% <0.001

Severe

. . 15.7% 30.3% <0.001
oligozoospermia
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Figure |. Temporal decline in sperm concentration
(> 10°/ml) from 1965 to 2015, bubble size corresponds to

FERTGR2UP | O FERTILITY| the number of men in the study.




GRAPHICAL ABSTRACT

Sperm count is declining at an accelerated pace globally
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Sperm count is declining at an accelerated pace globally.

Human Reproduction Update, Yol.29, No.2, pp. 157-176, 2023
FERTGROUP | O FERTILITY Advance Access Publication on November 15, 2022  https://doi.org/10.1093/humupd/dmac035
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Reducéao da qualidad
Prejuizo da seminal

diferenciacao das
cel. germinativas

' CIS Cancer Testicula
|sgeneS|
Testiculs _
Disfuncéo Insuficiéncia

cel. Leydig androgénica

Disfuncéo
cel. Sertoli

Distopia testicular
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SkakkebaekE. Hum Rep 16(5): 9822001
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The Future

NEXT EXIT K

FERTGROUP | D FERTILITY



FERTGROUP | @ FERTILITY



FERTGR

IMC e concentragac:espermaticaica
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Human Reproduction Update Advance Access published December 12, 2012
H Repr i u Vol.0, No.O pp. 1—11, 2012
doi: 10,1093 /humupd /dms050

:.Omlli‘m
update

BMI in relation to sperm count:
an updated systematic review
and collaborative meta-analysis

N. Sermondade'-2, C. Faure'-2, L. Fezeu?, A.G. Shayeb?, J.P. Bonde?,
T.K. Jensen5, M. Van Wely$%, ). Cao’, A.C. Martini8, M. Eskandar?,
J-E. Chavarro'%!l S Koloszar!'2, .M. Twigt!3, C.H. Ramlau-Hansen'4,
E. Borges Ir'5, F. Lotti'%, R.P.M. Steegers-Theunissen'?, B. Zorn'’,
A.). Polotsky'®, S. La Vignera'!?, B. Eskenazi??, K. Tremellen?!,

E.V. Magnusdottir??, I. Fejes?3, S. Hercberg®24, R. Lévy"2i,

and S. Czernichow?2526T

@ 21 estudos, 13.077 homens da populacéo geral e em investigacao
de infertilidade

@ Estudo darelacao entre BMI e incidéncia de
oligozoospermia / azoospermia

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

x Sobrepeso: OR= 1,11 (1,01-1,21)
x Obeso: OR= 1,28 (1,06-1,55)
X Obeso moérbido: OR= 2,04 (1,59-2,62)
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Ischemic Heart Disease Incidence Estimate
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Follow Up Time (years)

Fertility and Sterility® Vol. 105, No. 3, March 2016



Diabetes Incidence Estimate
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Rheumatoid Arthritis & Other Inflammatory
Polyarthropathies Incidence Estimate
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Failure Probability

+ Censored

0.00

- |Nfertile
w— \/asectomy
e CONntrol

FERTGRY!

Follow Up in Years

1 I

S 6
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Psoriasis Incidence Estimate
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Cancer development in men evaluated for infertility

0.04

[ e ————————————— — "

0.03

Proportion developing cancer
0.02

1

0.00 0.01

1 1 1 1

0 4 8 12
Analysis Time (years)

Number at risk
Non Azoo 1787 1343 625 180
Az00 451 316 158 35

NONAZ2008 (i Azoo

Eisenberget al.Fertil Steril. 2013 Sep;100(3):684.
FERTGROUP | @ FERTILITY doi: 10.1016/j.fertnstert.2013.05.02Epub2013 Jun 21



Infentlidddel e earioer dedesticiticulo

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

= Linked to Danish Cancer Registry

0 Jacobsen efl. BMJ 2000 Sep 30;321(7264):782.
FERTGROUP | ’QFERTILITY doi: 10.1136/bmj.321.7264.789



Infentilidaddel e eanoet dedestictiticulo

Semen Observed Expected
parameter cases cases

Concentration  0-20

>20
Motility Poor

Good
Morphology (%  >75
abnormal) 0-75

FERTGROUP | @ FERTILITY

10,509
18,668
1,312
19,362
528
27,618

42

64

14.4 2.3(1.6,3.2)
36.9 1.1 (0.8, 1.5)
2.8 2.5(1.0, 5.2)
28 1.6 (1.1,2.1)
1.4 3.0 (0.8, 7.6)
47.8 1.3(1.0,1.7)

Jacobseret al. BMJ.2000 Sep 30;321(7264):782.
doi: 10.1136/bmj.321.7264.789



Infentilidddel e eanoetr dedestictticulo

Author, Year, Infertile Controls Relative risk 95% CI p value
Jacobsen R et al*?, 2000 46/13184 42/18667 1.551 1.021 to 2.355
Walsh TJ et al*®, 2009 13/4549 17/14556 2447 1.189 10 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 1467 106.135 1
Total (fixed effects) 174/161632 320/814484 2.033 1.67110 2474 <0.001
Total (random effects) 174/161632 320/814484 2.033 1.665 to 2.481 <0.001
Jacobsen R et al, 2000 - —8—
Walsh TJ et al, 2009 - -
Eisenberg ML et al, 2015 ——
Hanson HA et al, 2016 ~ -
Total (fixed effects) ~ =
Total (random effects) - i
A ' L} L] L L] T Ll L I
10° 10°
Relative nsk

FERTGROUP | @ FERTILITY

Del Giudiceet al. Fertil Steril 2020 Nov;114(5):98996.
doi: 10.1018).fertnstert.2020.04.042
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- Natural conception -~~~ IVF ‘==== ICSI
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Years after child conception

Natural conception

1145962 940084 692333 454698 181249
IVF

20617 15274 9504 5007 1535
ICSI

14873 10509 6099 2593 184

FERTGROUP | D FERTILITY Al-Jebariet al. BMJ 2019 Sep 25:366:/5214.
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Male infertility: a bhiomarker 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

Testicular Cancer

Average age of
diagnosis: 33

Most common cancer in
men ages 15-34
Represents 1% of all
male malignancies
Prevalence in US: 4.84
per 100,000 men

Excellont prognosic

Elevated risk in infertile

men and relatives

Age at
Diagnosis

Specific malignancies associated with infertile men and their family members by average age at diagnosis.

D,

leukemia

Fertility and Sterility® Vol. 109, No. 1, January 2018

Melanoma

Average age of diagnosis: 63
20 times more common in
whites than African
Americans

Not uncommon in patients
less than 30

Accounts for 1% of skin
cancers

Estimated 52,170 new cases

£ | 17

Unclear relationship between
melanoma & infertility

Acute lymphoblastic

= Average age of
diagnosis: less than 5
years old

»  0.1% lifetime risk

= Represents 0.4% of new
cancer cases

- voar ciingival rata- £0

» Threefold elevated risk in
siblings of subfertile men

Hanson. Male infertility and cancer risk. Fertil Steril 2017.

Thyroid Cancer

» Average age of diagnosis:
45-54

» Incidence in men: 14.2 per
100,000

= Represents 3.4% of new

cancer cases

Prostate Cancer

Average age of
diagnosis: 66

Rare before age 40
11.6% of men will be
diagnosed with
prostate cancer in their

lifetime

Possible relationship to
infertility and
fatherhood

L.

Non-Hodgkin Lymphoma
= Average age of diagnosis: 65-74

» New cases per year: 19.5 per
100,000 men (2010-2014 data)

» Represents 4.3% of all new cancer

cases

=l i__ 740/

= Elevated risk in infertile men.

yrycdl Dulvival Tate 0
Possibly elevated risk in 15
and 27 degree relatives of
J/ﬂﬂ"wﬂ(ﬂﬂﬁi( men




Pais & Fillhas

= Cohabitiation lowers mortality

= Children lower mortality

All Cause Mortality
Cohabiting custodial fathers Reference

FERTGROUP | ’@ FERTILITY G.RingbacRkW\eitoft et al. / Social Science & Medicine 2004 1443;1459



Pais & Fillhess

= Cohabitiation lowers mortality

= Children lower mortality

All Cause Mortality

Male characteristics

Cohabiting custodial fathers

Reference
1.6 (1.4-1.9)

Lone custodial fathers

FERTGROUP | ’@ FERTILITY G.RingbacRkW\eitoft et al. / Social Science & Medicine 2004 1443;1459



Pais & Fillhass

= 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)

FERTGROUP | ’@ FERTILITY G.RingbacRkW\eitoft et al. / Social Science & Medicine 2004 1443;1459



Pais & Fillhass

= 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)

FERTGROUP | ’@ FERTILITY G.RingbacRkW\eitoft et al. / Social Science & Medicine 2004 1443;1459



Pais & Fillhes

= 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)

FERTGROUP | O FERTILITY G.RingbacRkW\eitoft et al. / Social Science & Medicine 2004 1443;1459
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@ American Journal of Epidemiology Vol. 170, No. 5
M © The Author 2009. Published by the Johns Hopkins Bloomberg School of Public Health. DOI: 10.1093/aje/kwp 168

All rights reserved. For permissions, please e-mail: journals.permissions @ oxfordjournals.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

Initially submitted March 11, 2009, accepted for publication May 26, 2009.
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1.00

Survival Probability

0.98
0 2 4 6 8 10
Time Since Semen Analysis (years)
Life Table of Number of Abnormalities (1 SNEPPETPRIPPD ] ——— s
0 5687 9539 4581 3470 2285 1356
1 3318 3235 2675 2023 1504 1104
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Human Reproduction, Vol.34, No.l 1, pp. 2266-2273, 2019
Advance Access Publication on Movember 4, 2019 doiz1 001093/ humrep /dez | 89

human
reproduction

Male factor infertility and risk of death:
a nationwide record-linkage study

Clara Helene Glazer'2* Michael L. Eisenberg?,
Sandra Segaard Tegttenborg', Aleksander Giwercman?,
Esben Meulengracht Flachs', Elvira Vaclavik Briuner??,

Ditte Vassard®, Anja Pinborg’, Lone Schmidt®, and Jens Peter Bonde'

e Homens submetidos a TRA na Dinamarca (coorte MAR; n=6405p8)acao/finalide 3841419
homens

e Homens-conv.azoospermtigeram o maior risco de morte, que persistiu tanto na comparacao
interna HR,273095% CI, 1,58,41] como na comparacao exterrtdR},-3;321C 95%, 2,@5,40]
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Human Reproduction, Vol.32, No.| pp. 239-247, 2017
Advanced Access publication on December 6, 2016 doi: 10.1093/humrep/dew289

h
ORIGINAL ARTICLE Reproductive epidemiology

Risk of childhood mortality in family
members of men with poor semen
quality

Heidi A. Hanson''%*, Erik N. Mayer3, Ross E. Anderson®,
Kenneth I. Aston®>**, Douglas T. Carrell>*, Justin Berger?,
William T. Lowrance®, Ken R. Smith*®, and James M. Hotaling?"4

© Risco aumentado de morte devido a Malformagdes
Congénitas em descendentes de 1° grau de homens

com alteracOes dos parametros seminais
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Plasmasseminalvesiculas extracelulares:
epididimossomog prostatossomoscom
influéncia na gametogénese, fertilizacao,
embriogénese e receptividade endometrial

e Espermatogénesenaterial genético e influéncia
epigenética (histonagptotaminag
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Oocyte

ﬁatemal Factors  Paternal Factorx

Fertilisatio

©-8-9-0
Embryo Development
Foetal Development

/ Paternal Factors that \ /

contribute to Early Embryo
Development

Epigenetic
Components

* Histone
Modifications

* DNA
Methylation

Sperm
Centrioles

Fertilisation

-

A

factors
* PLCZ

Seminal Plasma
Components

* Extracellular
Vesicles

Genetic
Components

Sperm DNA

Integrity

RNAs

* Coding
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Figure 1 Main factors involved in impaired male infertility due to reproductive aging.
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