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          3.1   Introduction 

 Advanced paternal age has become a heavily 
investigated topic recently as a result of multiple 
studies demonstrating ties between advanced 
paternal age and various offspring abnormalities. 
Further contributing to the increasing interest in 
the role of advanced paternal age in reproduction 
is the trend of delayed parentage believed to be a 
result of socioeconomic pressures in developed 
countries  [  1  ] . Though this trend is justi fi ed by 
increasing life expectancies in both sexes, 
advanced paternal age signi fi cantly affects gen-

eral semen parameters and sperm quality that 
ultimately alters fecundity and may additionally 
affect offspring health. While many couples con-
sider the risks associated with advanced maternal 
age in family planning decisions, very little 
thought is given to the age of male partners. As a 
result, it is important that physicians consulting 
couples with an aged male partner have the avail-
able data to help patients make well-informed 
family planning decisions based on the risks 
associated with advanced paternal age. This 
chapter will outline what is currently known 
regarding the effects of paternal age on fecundity 
and will also discuss the associations between 
advanced paternal age and the offspring’s disease 
risk. These effects, based on current data are 
summarized in Table  3.1 .   

    3.2   Delayed Parenthood 

 In recent history, the age of parenthood for both 
males and females has steadily increased in many 
developed countries. This trend is believed to be 
associated with increased life expectancy, socio-
economic pressures, and divorce rates with subse-
quent remarriage at older ages  [  2  ] . During a 
10-year span (1993–2003) in Great Britain, the 
percent of fathers who were in the age range of 
35–54 increased from 25 % of total births to 40 %. 
Associated with this trend was a decrease in the 
number of births to fathers less than 35 years of 
age from 74 % of total births to only 60 %  [  3  ] . In 
Australia, over two decades (1988–2008), the 
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average age of fathers has increased by approxi-
mately 3 years  [  4  ] . Similarly, the average age of 
fathers in Germany increased by 2 years over a 
10-year period  [  2  ] . Similar trends can be found in 
the United States and many other developed coun-
tries. As average paternal age continues to increase 
in many countries it is becoming increasingly 
important to characterize the potential conse-
quences of advanced paternal age on fertility and 
offspring health.  

    3.3   Age-Related Changes in Sperm 
Quality 

 With advancing male age, a number of changes 
occur to sperm and semen that can impact fertility 
status or increase the risk of disease transmission 

to offspring. These changes include declines in 
some semen parameters, increased sperm DNA 
damage, genetic changes in sperm resulting from 
mitotic or meiotic errors or errors that arise dur-
ing DNA replication, and epigenetic changes to 
sperm DNA. These changes are discussed below. 

    3.3.1   Changes in Semen Parameters 

 Unlike females, who are born with a  fi nite number 
of gametes that are generally exhausted between 
the age of 45 and 55 years, coincident with meno-
pause, men continue to produce sperm through-
out their lives. While spermatogenesis continues 
well into old age, some semen parameters do 
decline as men age. Numerous studies have eval-
uated the effects of male age on semen parame-
ters, but shortcomings of some of the individual 
studies include small sample size and failure to 
control for potentially confounding factors. For 
this reason there exists a signi fi cant degree of dis-
cordance between studies, making the reliable 
estimate of age effects dif fi cult to quantify. 
However, a thorough review of the literature from 
1980 to 1999 by Kidd et al. evaluated the effect 
of age on semen parameters and concluded that 
there is general agreement among studies that 
semen volume, sperm motility, and proportion of 
morphologically normal sperm all decline with 
advancing age  [  5  ] . These conclusions were cor-
roborated by more recent literature reviews and 
carefully controlled primary research  [  6–  8  ] . 

    From the available literature, it can be inferred 
that semen volume signi fi cantly decreases with 
age, with a decline of 3–22 % from age 30 to age 
50  [  5,   8  ] . Similarly, a 3–37 % decrease in sperm 
motility is estimated to occur over the same 
period, as indicated in several studies  [  5,   8  ] . 
Finally, the best estimates for declines in normal 
sperm morphology indicate a decrease of 4–22 % 
between the ages of 30 and 50  [  5,   8  ] . The data 
regarding changes in sperm concentration with 
age are less conclusive, and total sperm count has 
rarely been evaluated. Of more than 20 studies 
that evaluated the effect of male age on sperm 
concentration, there is essentially an even split 
between studies that report a decline, those that 
report no age effect, and those that report increased 

   Table 3.1    The effects of advanced paternal age on semen 
parameters and offspring disease risk   

 Parameter  Effect 
 Semen parameters 

 Semen volume  ↓ 
 Sperm count  ↓? 

 Sperm motility  ↓ 
 Sperm morphology  ↓ 

 Genetic/epigenetic 
 DNA damage  ↑ 
 Aneuploidy rates 

 Sex chromosomes  ↑ 
 Autosomes  ~ 

 Mutations  ↑ 
 Telomere length  ↑ 
 Chromatin packaging   D  
 Global methylation   D  

 Pregnancy rate 
 Natural conception  ↓ 
 Insemenation  ↓? 
 IVF  ↓? 

 Offspring disease risk 
 Autosomal dominant disorders  ↑ 
 Trinucleotide repeat disorders  ↑ 
 Cancer 

 Hematologic  ↑ 
 Brain tumors  ↑ 
 Breast  ↑ 
 Prostate  ↑ 

 Neuropsychiatric disorders  ↑ 

  ↓, decline; ↑, increase;  D , change; ~, no change; ?, data 
are ambiguous  
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sperm concentrations with advancing age  [  5,   8  ] . 
As semen volume signi fi cantly declines with age, 
if spermatogenic output remained constant, then 
sperm concentration would necessarily increase 
in older men. A recent study of 1,174 men age 45 
and older reported a non-signi fi cant increase in 
sperm concentration with age, and a signi fi cant 
decline in total sperm count with advancing age 
in men between the ages of 45 and 80  [  9  ] . 

 While the consensus based on large datasets is 
that semen volume, sperm motility, and normal 
sperm morphology decrease with advancing age, 
the decreases are generally modest. Moreover, 
the number of confounding variables such as life-
style factors, environmental in fl uences, health 
status, abstinence periods, and others make it 
nearly impossible to identify the age-associated 
causes that are directly responsible for these 
declines.  

    3.3.2   Genetic Changes 

 The molecular hallmarks of aging throughout the 
body include increased oxidative damage, 
increased aneuploidy rates and chromosomal rear-
rangements, the accumulation of mutations within 
the genome, and telomere shortening  [  10,   11  ] . 
Sperm are particularly prone to many of these 
changes due to the high rate of cell division rela-
tive to most other cells types in the body. However, 
unlike telomere attrition that occurs in the majority 
of other cell types, the telomeres length in sperm 
actually increases with age. Genetic changes to 
sperm are discussed in the following section. 

    3.3.2.1   DNA Damage 
 Numerous studies have reported an age-related 
increase in sperm DNA damage  [  12–  16  ] . The 
increase in DNA fragmentation index (DFI) is 
marked, with a nearly fourfold increase in men 
age 60–80 compared with men age 20–29 
reported in one study  [  14  ] . In a large study of 
1,125 men from infertile couples, DFI more than 
doubled in men over the age of 45 compared with 
men aged 30 and younger  [  16  ] . The mechanisms 
responsible for increased sperm DNA damage in 
older men are not completely characterized, but 
increased reactive oxygen species (ROS)  [  17  ] , 

coupled with the insuf fi ciency of DNA repair and 
apoptotic machinery, have been proposed  [  18  ] .  

    3.3.2.2   Aneuploidy Rates 
 The increase in gamete aneuploidy rates in 
women with advancing age is well documented 
and dramatic. It is estimated that about 20 % of 
human oocytes are aneuploid, and the incidence 
has been reported to be as high as 60 %, with a 
sharp increase in the decade preceding meno-
pause  [  19–  21  ] . In contrast, sperm aneuploidy 
rates are much lower with an estimated average 
incidence of 1–2 %  [  20  ] , and the effect of male age 
on sperm aneuploidy rate remains unclear. Some 
studies have failed to  fi nd an effect of male age on 
sperm aneuploidy frequency  [  14,   22  ] , while others 
have reported a modest increase in aneuploidy 
rates related to age, particularly increased diso-
mies of the sex chromosomes  [  23–  25  ] . 

 While there is no consensus on the effect of 
male age on sperm aneuploidy rates, the major-
ity of evidence suggests a slight increase in sex 
chromosome disomy rates in older men and a 
general lack of an effect or a weak effect in the 
autosomes  [  8  ] .  

    3.3.2.3   Increased Mutations 
 The introduction of de novo mutations into the 
genome is the basis for heritable genetic variation, 
and the number of mutations per genome is related 
to the number of replication cycles that a cell 
undergoes, as there is an error rate inherent in rep-
lication machinery. Based on family-based 
sequencing and single sperm sequencing as well 
as evolutionary measures, the de novo mutation 
rate of sperm is estimated to be between 1 and 4 
changes per 100 million bases per generation 
 [  26,   27  ] , while the mutation rate per cell division 
is almost three orders of magnitude lower than the 
per generation mutation rate  [  28  ] . The more cycles 
of DNA replication and cell division a cell under-
goes, the greater the chance for mutations to occur 
in that cell. In women, from the primordial germ 
cell stage to ovulation, an oocyte will have under-
gone approximately 24 cell divisions  [  29  ] . In men 
that number is estimated to be approximately 30 
cell divisions at puberty, with one spermatocyte 
cell division every 16 days, or 23 divisions per 
year after puberty (see Fig.  3.1 )  [  29  ] .  
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 Clearly there is a greater opportunity for muta-
tions to arise in sperm than in oocytes, and male 
age is predicted to be a strong contributing factor. 
Lionel Penrose was the  fi rst to propose a relation-
ship between male age and mutations in offspring 
 [  30  ] . While the mutation load of individual sperm 
as a function of male age has not been directly 
measured, molecular genetics predicts that sperm 
from older men will, on average, harbor more 
mutations than sperm from younger men. This pre-
diction is substantiated by a recent study of genomic 
sequence in parent–offspring trios that estimated 
an increase of approximately two mutations per 
year of paternal age  [  31  ] . In addition, the increased 
rates of speci fi c autosomal dominant diseases and 
disease-speci fi c mutation analysis also support an 
age effect on sperm mutation frequency  [  14  ] , as 
will be discussed in detail below.  

    3.3.2.4   Changes in Telomeres 
 While the consequences of advanced paternal age 
on the genetics of sperm are generally negative, 
the age-related changes to sperm telomeres might 
confer some advantage to offspring. Telomeres 
are composed of long tracts of TTAGGG repeats 
located at the ends of each chromosome and serve 
as a buffer to the loss of important genetic material 
due to the inability of DNA replication machinery 

to replicate DNA at the very end of each chromo-
some. In addition, the telomere cap at the end of 
each chromosome distinguishes chromosome 
ends from double strand breaks and thus serves to 
protect against spurious chromosomal fusion  [  32  ] . 
While in most tissues, telomeres progressively 
shorten with age, ultimately resulting in cell cycle 
arrest or apoptosis, the telomeres in sperm are 
longer in older men  [  33  ] , and children of older 
fathers have longer leukocyte telomeres than do 
children of younger fathers  [  34,   35  ] . Telomere 
inheritance may represent an example of a genetic 
advantage of delayed reproduction in men as 
longer leukocyte telomere length is associated 
with decreased risk of atherosclerosis and 
increased lifespan  [  36  ] .   

    3.3.3   Epigenetic Changes 

 The effect of advanced paternal age on offspring 
has begun to receive much attention. Recent 
studies have linked paternal aging and the preva-
lence of well-known neuropsychiatric disorders 
in offspring  [  37–  39  ] . Large retrospective studies 
demonstrate the effect of paternal age on various 
birth outcomes, including weight, premature 
deliveries, and various offspring abnormalities 

  Fig. 3.1    Illustration of the estimated number of male germ cell divisions as a function of age       
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 [  40,   41  ] . Additionally, recent research has begun 
to elucidate associations between aged fathers 
and increased incidence of obesity in offspring. 
These  fi ndings were independent of maternal 
age and other outside factors  [  42  ] . However, the 
etiology of the increased frequency of various 
disorders in the offspring of aged males remains 
poorly de fi ned, though there are likely 
candidates. 

 In both sexes, aging alters DNA methylation 
marks in most somatic tissues throughout the 
body  [  43,   44  ] . Because of its prevalence in other 
cell types, aging-associated DNA methylation 
alteration is likely to occur in sperm as well. In 
fact, Oakes et al. have described age-associated 
hypermethylation at speci fi c genomic loci in both 
sperm and liver tissue in male rats  [  44  ] . Similarly, 
our laboratory has identi fi ed increased global 
DNA methylation associated with age in human 
sperm from fertile donors (unpublished data). In 
further support of this idea is work demonstrating 
that frequently dividing cells have more striking 
methylation changes associated with age than do 
cells which divide less often  [  45  ] . Additionally, a 
recent study also indicates that, at speci fi c gene 
promoters, there is increased DNA methylation 
in the offspring of older fathers  [  46  ] . These data 
further suggest the possibility of heritable DNA 
methylation alterations associated with advanced 
paternal age. 

 In addition to DNA methylation alterations 
there are data to suggest alterations in chromatin 
packing that occur with age as well. It has been 
suggested that chromatin remodeling plays a key 
role in cellular senescence, organismal aging, and 
age-associated disease and thus could play a role 
in age-associated sperm alterations that may ulti-
mately affect the offspring  [  47  ] . In fact, Nijs et al. 
described altered chromatin packing associated 
with age as assessed by the sperm chromatin 
structure assay  [  48  ] . The subtle nature of the 
effect and, in some cases, the absence of well-
characterized genetic factors, in addition to the 
aging-associated somatic cell methylation altera-
tions, suggest that a major contributing factor to 
the increased prevalence of various diseases 
among the offspring of aged fathers is the sperm 
epigenome.   

    3.4   Reproductive Consequences of 
Age-Related Changes in Sperm 

    3.4.1   Fecundity 

    Among the consequences of delayed paternity, 
and likely the most dramatic alteration that occurs 
with increased paternal age, is that of decreased 
fecundity. Though very different from the univer-
sal and abrupt age-associated cessation of fertility 
seen in females, there is a signi fi cant decline in a 
male’s capacity to produce viable offspring that is 
correlated with age. However, the age at which an 
individual male’s reproductive capacity declines 
and even the frequency of this decline among a 
population of men remains controversial. Despite 
this, there are many studies that demonstrate an 
age effect on male fecundity with study groups, 
including natural conception, arti fi cial insemina-
tion, and in vitro fertilization. 

 In an observational study performed in the 
United Kingdom in 2003, Hassan et al. found that 
men >45 years of age had a  fi vefold increase in 
their time to pregnancy in comparison to individ-
uals <25 years of age  [  49  ] . Interestingly, when 
compared to males <25, men 45 and older were 
also 12.5 times more likely to have a time to preg-
nancy of greater than 2 years  [  49  ] . As expected, 
this effect is ampli fi ed when the female member 
of a couple is of advanced reproductive age as 
well (35–39). In these couples, men >40 were 
more than two times more likely to fail to con-
ceive during a 12 month period in comparison to 
men <40  [  50  ] . Additionally, when taken into 
account unsuccessful pregnancies in the same 
groups men over 40 were three times less likely to 
produce viable offspring than do the younger 
cohort  [  50  ] . Other studies support these data by 
suggesting an increased frequency of fetal loss 
to those fathered by older men, increased time to 
pregnancy, and decreased probability of concep-
tion  [  51–  53  ] . However, there are con fl icting data 
which suggest little to no effect of paternal age on 
fertility in natural conception  [  54  ] . 

 Research has also described effects of paternal 
age on the outcomes of assisted reproductive tech-
niques. A total of 17,000 intrauterine insemination 
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(IUI) cycles analyzed in a French study revealed 
that the pregnancy rate for couples whose male 
partner was less than 30 years of age had a preg-
nancy rate of 12.3 % where couples whose male 
partner was over 30 years of age had a signi fi cantly 
lower pregnancy rate of 9.3 % after adjusting for 
female age  [  55  ] . Similarly, in 1995, Mathieu et al. 
showed that increasing male age ( ³ 35 years of 
age) was associated with decreased rates of con-
ception  [  56  ] . However, these data are controver-
sial. Additional studies have failed to  fi nd a 
paternal age effect on IUI pregnancy rates  [  57  ] . 
Other studies have analyzed the paternal age 
effect on in vitro fertilization (IVF) success with 
a similar controversy. Many studies suggested 
that there is a paternal age effect in achieving 
viable pregnancy outcomes in IVF cycles  [  58  ]  
and also have suggested that this effect is ampli fi ed 
with partners of advanced maternal age  [  59  ] . 
In large studies involving the use of donor eggs 
in an IVF cycle showed a signi fi cant effect of 
paternal age on pregnancy outcome  [  60  ] . However, 
an even more recent study that corrected for age 
of the egg donor found no effect of paternal age 
on pregnancy outcome  [  61  ] .  

    3.4.2   Disease Risk in Offspring 

 As would be expected, the numerous genetic and 
epigenetic changes that occur to sperm through the 
aging process are associated with elevated risk of 
some diseases in the offspring of older fathers. 
These include several rare, autosomal disorders, 
disorders involving expanded trinucleotide repeats, 
offspring aneuploidy, certain cancers, and several 
neuropsychiatric disorders. These diseases and 
associated risks will be discussed below. While 
risks of these disorders are demonstrably elevated 
in offspring of older fathers, it is important to 
emphasize that the paternal age contribution to 
the increased risk is generally quite low (with the 
exception of the autosomal dominant and triplet 
repeat disorders) and absolute risk for any of 
these disorders remains quite low. 

    3.4.2.1   Autosomal Dominant Disorders 
 Rare autosomal disorders, including Apert syn-
drome and achondroplasia, are among the most 

striking and earliest characterized examples of 
increased disease risk as a consequence of 
advanced paternal age. As early as 1912, it was 
observed that sporadic cases of achondroplasia, 
a dominantly inherited form of dwar fi sm, was 
most often found in the last-born children of a 
family  [  29  ] . More recently, a number of other 
diseases have been shown to display similar 
paternal age effects. 

 A dozen diseases showing a signi fi cant paternal 
age effect were described in a paper more than 
three decades ago, and several others have been 
described since that time  [  62  ] . In addition to achon-
droplasia and Apert syndrome, the list of autosomal 
dominant disorders that display a paternal age 
effect includes acrodysostosis,  fi brodysplasia 
ossi fi cans progressive, neuro fi bromatosis, multi-
ple endocrine neoplasia 2A (MEN 2A) and MEN 
2B, and syndromes including Marfan, Treacher-
Collins, Crouzon, Noonan, and Pfeiffer, among 
others  [  62  ] . 

 Remarkably, many of these conditions, 
including Apert syndrome, achondroplasia, 
Crouzon syndrome, Pfeiffer syndrome, MEN 
2A, and MEN 2B, involve mutations in three 
genes,  FGF3R ,  FGFR2 , and  RET   [  29,   63  ] . 
Moreover, in almost every case where parental 
origin of the de novo, disease-causing mutation 
in these genes was assessed, the mutation was 
paternally derived  [  29,   63–  68  ] . In addition, the 
mutated loci linked to many of these disorders 
are among the most frequently mutated nucle-
otides in the entire genome  [  29  ] . These observa-
tions led to the hypothesis of sel fi sh 
spermatogonial selection, the idea that some 
spermatogonial mutations confer some advan-
tage, leading to clonal expansion of mutant 
sperm over time  [  63,   69  ] . This mechanism may 
explain, at least in part, the molecular basis for 
the increased incidence of these disorders with 
advanced paternal age. 

 While it is well established that increasing 
paternal age does increase the risk for numerous 
autosomal dominant disorders, it is important to 
note that the absolute risk for these diseases 
remains quite low. Additional research is required 
to fully characterize the mechanisms involved in 
increased transmission of these diseases by older 
fathers.  
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    3.4.2.2   Trinucleotide Repeat Disorders 
 In addition to the association between point muta-
tions in the male germline and male age, there is 
also evidence to suggest that other genomic 
changes, namely changes in trinucleotide repeat 
length, are also more frequent in the germline of 
older men. The cause of Huntington’s disease has 
been traced to an expanded block of CAG tandem 
repeats within the Huntingtin ( HTT ) gene  [  70  ] . 
Longer triplet repeats in  HTT  result in altered 
protein function and Huntington’s symptoms. It 
was demonstrated that repeat expansion is almost 
entirely driven through the male germline  [  71  ] , 
and the extent of repeat expansion is signi fi cantly 
associated with paternal age  [  72  ] . 

 Myotonic dystrophy (DM) is another disease 
associated with trinucleotide repeat expansion. 
Like Huntington’s disease, expanded CTG 
repeats are more frequently transmitted from the 
father  [  73  ] , and paternal age appears to be a risk 
factor for transmission of the disease  [  74  ] . One 
large study of 3,419 cases of Down syndrome did 
 fi nd a signi fi cant paternal age effect after adjust-
ing for maternal age when mothers were older 
than 35, and the paternal age effect was most 
signi fi cant when maternal age was over 40  [  75  ] .  

    3.4.2.3   Offspring Aneuploidy 
 The majority of aneuploidies are embryonic lethal, 
however trisomies 13, 18, and 21 along with sex 
chromosome aneuploidies (XXY, XYY, XXX, 
XO, etc.) are compatible with life. The great 
majority of somatic aneuploidies are maternally 
derived. For example in a cohort of 352 cases of 
Down syndrome, approximately 91 % were of 
maternal origin, and a maternal contribution to 
other cases of trisomy involving chromosomes 13, 
14, 15, and 22 were similar, ranging from 83 to 
89 %  [  76  ] . Interestingly, the story is different for 
sex chromosome aneuploidies, with a little more 
than half of cases being paternally derived  [  20  ] . 

 Given the relatively minor effect of paternal 
age on sperm aneuploidy rates, it is not surpris-
ing that epidemiologic data for the paternal con-
tribution to trisomic offspring generally do not 
support a paternal age effect  [  8,   77,   78  ] . A recent 
study based on 22 EUROCAT congenital anomaly 
registers identi fi ed a marginally signi fi cant asso-
ciation between paternal age and Klinefelter 

syndrome  [  79  ] . Several studies have evaluated 
the relationship between paternal age and inci-
dence of Down syndrome, and in general have 
reported a weak paternal age effect  [  80  ]  or no 
effect at all  [  81  ] . Based on available data, clearly 
the paternal age effect on offspring aneuploidy is 
relatively small and is eclipsed by the signi fi cant 
maternal age effect.  

    3.4.2.4   Cancer 
 Based on the current literature, it appears that 
paternal age may have an effect on incidence of 
various types of cancers in offspring. These data 
are intriguing but remain quite controversial. 
One of the most heavily studied classes of dis-
ease in these studies is hematological cancers. 
A recent epidemiological study has described a 
decreased risk of acute myeloid leukemia in 
 fi rstborn children, indirectly suggesting that 
maternal and paternal age may play a role in the 
frequency of cancer incidence in the offspring. 
The same study was able to directly detect an 
increased risk of being diagnosed with any form 
of childhood leukemia in children sired by fathers 
of between 35 and 45 years of age when com-
pared to fathers <25 years of age  [  82  ] . In agree-
ment with these data is research by Murray et al. 
which suggests that children born to fathers >35 
years of age are 50 % more likely (relative 
risk = 1.5) to receive a diagnosis of a childhood 
leukemia  [  83  ] . However, a Swedish epidemio-
logical study published in 1999 detected no 
signi fi cant impact of paternal age on hematologic 
cancers  [  84  ] . 

 The impact of paternal age on offspring cancer 
incidence is not limited to hematologic metasta-
ses. There also appears to be an increased risk of 
developing childhood central nervous system 
tumors in the offspring of older fathers. One ret-
rospective study showed that children born to a 
father >30 years of age were at a 25 % increased 
risk of developing a childhood brain tumor com-
pared to children of fathers <25 years  [  84  ] . 
Similarly, Yip et al. demonstrated that the off-
spring of fathers >40 had an increased relative 
risk (approximately 1.7) of developing a central 
nervous system cancer  [  85  ] . 

 Advanced paternal age also appears to affect 
the incidence of adult onset cancers in offspring. 
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The incidence of breast cancer has been shown to 
increase in the daughters of fathers who are >40 
compared to fathers <30  [  86  ] . Similarly, prostate 
cancer risk increases by approximately 70 % in 
the offspring of fathers >38 years of age compared 
to the children of fathers <27 years of age  [  87  ] . 

 The mechanism behind this effect is likely 
multifactorial and may additionally vary by race. 
However, there are some candidates that likely 
play at least some role in the etiology of increased 
incidence of multiple cancers seen in the off-
spring of aged fathers. Environmental exposures 
that accumulate throughout the life of a male are 
one of the most likely effectors, as this may affect 
subtle DNA mutations and epigenetic alterations 
that are capable of being inherited. In fact, as 
mentioned earlier, there are some data that suggest 
that the offspring of older fathers have increased 
levels of DNA methylation at speci fi c loci  [  46  ] . 
If any of these alterations (gene mutations or epi-
genetic modi fi cations) occur at tumor suppressor 
genes or other important genes in the etiology of 
various cancers, the result would be increased can-
cer incidence as is seen in the current literature. 
Though this correlation is intriguing, it should be 
noted that much work is still required to further 
de fi ne the effects of paternal aging on the inci-
dence of cancer in offspring.  

    3.4.2.5   Neuropsychiatric Disorders 
 In recent years, with the application of genomic 
tools, the genetic complexity of neuropsychiatric 
disorders is becoming increasingly apparent. 
However, it has long been suggested that advanced 
paternal age is a risk factor for schizophrenia 
 [  88  ] , and more recently, advanced paternal age 
has been implicated in risk for autism, bipolar 
disorder, behavioral disorders, and reduced cog-
nitive ability. 

 The paternal age effects on schizophrenia risk 
have been widely studied  [  89–  91  ] . A recent 
meta-analysis representing 24 qualifying studies 
con fi rmed advanced paternal age to be a signi fi cant 
risk factor for schizophrenia  [  89  ] . In this study, 
the authors reported a slight but signi fi cant 
increase in the risk of developing schizophrenia in 
offspring from fathers >30 years of age, with rela-
tive risk (RR) increasing in older fathers. At the 

extreme, a combined RR for schizophrenia in the 
offspring of fathers >50 years of age compared 
with fathers age 25–29 was 1.66  [  89  ] . Interestingly, 
there also appears to be a slight but signi fi cant risk 
of schizophrenia in offspring of fathers < 25 years 
(RR = 1.08) only in male offspring  [  89  ] . 

 Associations between paternal age and risk of 
autism spectrum disorders (ASD) have also been 
thoroughly investigated, with two meta-analyses 
con fi rming a signi fi cant association  [  92,   93  ] . In 
the most recent population-based study and meta-
analysis, it was estimated that fathers >50 years 
of age had a 2.2-fold increased risk of autism in 
offspring compared with men aged 29 years or 
less  [  93  ] . 

 The data regarding the association between 
paternal age and other neuropsychiatric and 
behavioral disorders are less clear, but there does 
seem to be an increase in bipolar disorder  [  94, 
  95  ]  and behavioral issues  [  96,   97  ]  in children of 
older fathers. In addition, some studies indicate 
that children of older fathers display slightly 
reduced IQ compared with children of younger 
fathers  [  98,   99  ] , although the differences are 
small, and con fl icting reports exist  [  100  ] . 

 While evidence clearly suggests that paternal 
age does have some impact on neurological devel-
opment and the incidence of neuropsychiatric dis-
orders, the mechanisms for neurodevelopmental 
changes have not been elucidated. It has been 
suggested that increased risk may be related to 
increased mutations  [  101  ] , changes in gene dos-
age as a result of copy number changes in the 
genome  [  102  ] , or epigenetic changes associated 
with age  [  103  ] . It is also likely that behavioral 
factors in the fathers that result in delayed mar-
riage also contribute  [  88  ] , as these factors are 
very dif fi cult to quantify and correct for in epide-
miological studies.   

    3.4.3   Consequences in Context 

 From the available data, it is clear that advanced 
paternal age affects sperm quality, fecundity, and 
offspring health. However, this topic is only begin-
ning to be thoroughly explored partially due to the 
recently growing trend of delayed parenthood that 
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appears to have driven increased media attention 
toward to the study of advanced paternal age and 
offspring health. This has placed many physicians 
in the dif fi cult position of consulting concerned 
patients regarding their capacity to produce healthy 
offspring with only scant amounts of data from a 
 fi eld of study in its relative infancy. This discus-
sion is fascinating and extremely complex as a 
result of the socioeconomic, emotional, and gen-
eral health issues involved. Physicians should be 
prepared to address many questions from their 
patients, but should speci fi cally be able to address 
two main concerns in this discussion. The  fi rst are 
patients who request to preemptively store sperm 
at relatively young ages as an alternative to natural 
conception at an advanced age. The second are 
male patients who seek advice on the “risks” of 
having children at advanced age. In either case, the 
patients must be well informed and comfortable in 
making their decisions. 

 Are cryopreserved sperm from a young healthy 
individual more capable of producing healthy 
offspring than fresh sperm from the same indi-
vidual collected at an advanced age? This central 
question in the paternal aging debate is not easily 
addressed. In fact, the most accurate answer 
would be that we simply do not know. It is clear 
that advanced paternal age has been associated 
with increased incidence of many disease states 
in the offspring as has been previously outlined. 
It is also known that there is a slightly increased 
risk of birth defects in children conceived through 
in vitro fertilization (the advanced reproductive 
technology that would most likely be used in 
these cases). Additionally, though still contro-
versial, it has been demonstrated that the cryo-
preservation of sperm, even in the presence of 
cryomedium, can result in DNA damage thus 
compounding the problem of using stored samples 
as an alternative to natural conception at an 
advanced age  [  104  ] . Despite this, because of the 
low risk in cryopreservation of male gametes, if a 
patient desires to store sperm at a young age with 
the intent of future use, it would not be unreason-
able to support this decision if the patient has 
been well educated on the available data. 

 Patients of advanced age who are considering 
having children but have not previously stored 

sperm may also seek medical advice on whether 
or not they should attempt parenthood based on 
the recent data that demonstrates increased rela-
tive risk to the offspring. Would they be placing 
their offspring at a signi fi cant risk/disadvantage? 
In response to this question it is important to 
understand that while the data do suggest a rela-
tive increase in the risk of offspring of aged 
fathers developing many disorders and diseases 
including, but not limited to schizophrenia, 
autism and even cancer, the absolute risk of these 
are still very low. For example, the risk of devel-
oping childhood leukemia is approximately 1 in 
25,000 in the general public, and in the offspring 
of older fathers that risk climbs to 1 in 17,000, 
approximately a 50 % increase  [  83  ] . Though the 
relative risk in this case is statistically signi fi cant, 
the absolute risk to the offspring of an aged father 
actually developing leukemia remains very low. 
It will be important for physicians to additionally 
encourage patients to consider their familial rela-
tionships and the emotional bene fi ts of having 
children and weigh these with the subtle increases 
in risk of having children at an older age. In con-
sulting male patients of an advanced age, the data 
do not support the recommendation of halting 
attempts at conception because of the risks to the 
offspring as it does in advanced maternal age. 
Despite this it is important to consider these risks 
and understand that the cumulative data on the 
disorders that have relatively increased prevalence in 
the offspring of older fathers may dissuade some 
from having children at an older age.   

    3.5   Conclusions 

 In recent years, we have learned a great deal 
regarding the effect of aging on male fertility. 
Advanced paternal age is negatively associated 
with many semen parameters, and these negative 
effects likely drive the general decrease in fertility 
and fecundity seen in males of advanced age. 
Though not an abrupt and complete loss of fertil-
ity as seen in advanced maternal aging, there is a 
gradual decrease in gamete quality associated 
with aging in males. This decrease in quality 
includes DNA damage, various genetic mutations, 
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and epigenetic alterations that appear to be capable 
of causing abnormalities in the offspring. Though 
we currently have evidence to support the pater-
nal age associated increase in offspring disease 
susceptibility, the absolute risk remains quite 
low. Despite this, couples with an aged male 
partner should consider these risks and discuss 
them with their health care provider to determine 
their best course of action in their desire to con-
ceive a child.      
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