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Abstract
Purpose of Review In many countries, the average age of paternity is rising. The negative effect of older age on fertility in women
is well documented; however, less is known about the impact of paternal age on fecundity. In this review, we summarize the
current knowledge of how paternal age affects semen parameters, reproductive success, and offspring health.
Recent Findings Contemporary evidence confirms that aged men have worse semen parameters, including overall negative
changes in sperm genetics. Reproductive outcomes with unassisted pregnancy tend to be worse with older fathers. While most
current studies of assisted pregnancy do show a negative effect of paternal age, there are some conflicting results. Studies continue
to show an overall increased risk of health problems, particularly neuropsychiatric conditions, in the offspring of older men.
Summary While men can often maintain fertility potential throughout a lifetime, increasing evidence indicates worsening of
semen parameters, including sperm genetics, and potentially worse reproductive success. Older men should also be counseled on
their offspring’s possible increased risk of certain medical conditions.
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Introduction

The negative effects of advanced maternal age on reproduc-
tive outcomes, maternal health, and fetal health are well-
known [1]. Menopause is a biologic event which directly
limits the time frame within which a woman can conceive
naturally, the colloquially named “biologic clock.” However,
it has long been questioned whether such a “biologic clock”
exists for males. It is acknowledged that some men develop
decreased libido or erectile function with age; however, until
more recently, it was not as clear how age may otherwise
impact a man’s fecundity. It has been known since antiquity
that men can sire children well into old age. The oldest known
man to have documented paternity in the medical literature is
of a North Carolina man who sired a pregnancy at the age of
94 to a 27-year-old woman [2]. One major problem with
assessing the impact of age on paternal fertility is the lack of

a consensus on what should be defined as advanced paternal
age (APA). The most commonly used criterion to define APA
is age > 40 years at time of conception [3].

This issue of APA is becoming increasingly important giv-
en that over the past several decades, the average age of pa-
ternity has been on the rise in Western countries in parallel to
the rising age of maternity. In the USA, the mean paternal age
has increased by 3.5 years from 27.4 to 30.9 years in the past
four decades. The number of newborns born to fathers >
40 years increased from 4.1 to 8.9% and from 0.5 to 0.9%
for fathers > 50 years between 1972 and 2015 [4••]. A similar
increase was noted for men in England and Wales with the
mean age of fatherhood increasing from 29.2 to 32.1 years
between 1980 and 2002 [5]. While the reasons for this in-
crease are likely multifactorial, socioeconomic factors such
as changes in parental education level, career and educational
goals, acceptance and use of contraception, life expectancy,
and financial considerations are all possibly involved.
Additionally, the increasing use and acceptance of assisted
reproductive technologies (ARTs) have granted more couples
the ability to achieve pregnancy despite certain barriers to
natural conception, such as increasing age. Either way, this
demographic change is important to both clinicians and pa-
tients given the increasing data to support the negative impact
of APA on paternal fecundity and offspring health.
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Urologic Diseases of the AgingMale and Their
Impact on Fertility

As men age, the increasing prevalence of some comorbid
conditions, particularly urological, can negatively impact a
man’s fertility potential. The association between advancing
age and erectile dysfunction (ED) is well-known [6]. The bar-
rier of ED to conception is obvious, and the frequency of
marital coitus has been shown to decrease in correlation to
the husband’s age and the duration of the marriage [7].
While there is a lack of data on the impact of ED on semen
parameters, men with ED may suffer from increased absti-
nence intervals. Longer abstinence periods have been shown
to increase the level of sperm DNA fragmentation; however, it
also increases the sperm concentration and total sperm
count [8].

Hypogonadism is a potential contributing risk factor to
both ED and decreased sexual desire as men age. It is well-
known that both total and free testosterone levels decrease
with age [9–11]. Testosterone replacement therapy improves
both libido and erectile function in middle and older aged
hypogonadal men [12, 13, 14••]. The prevalence of testoster-
one therapy is on the rise; the use of testosterone in the USA
increased in men > 40 years of age by over threefold between
2001 and 2011 from 0.81 to 2.91% [15].

While testosterone therapy may be beneficial for ED and
libido in the hypogonadal man, exogenous testosterone use
has well-known detrimental side effects on sperm production
through suppression of the hypothalamic-pituitary axis.
Unfortunately, in a survey conducted in 2010, 25% of urolo-
gists who responded reported they would still treat an infertile
male with testosterone [16]. Given the rising prevalence of
testosterone therapy amongst men, it is important that the
clinician be aware of this when evaluating men for fertility
and when counseling men on the risks of testosterone therapy.
A majority of men will recover some degree of sperm produc-
tion after cessation of testosterone, but this is not guaranteed
and some may not return to their prior baseline [17–19]. The
use of human chorionic gonadotropin (HCG) has been shown
to preserve spermatogenesis while on testosterone therapy and
has proven useful for “rebooting” spermatogenesis after tes-
tosterone therapy [20, 21••, 22••].

Other urological issues associated with older age may neg-
atively contribute to a man’s fecundity. Ejaculatory dysfunc-
tion increases from 3% in men aged 50–54 years to 35% in
those aged 70–78 years [23]. Treatments for other conditions
associated with the aging male, such as benign prostatic hy-
perplasia, prostate cancer, and bladder cancer, can all nega-
tively impact a man’s fertility potential as well [24].

These studies serve to remind clinicians that other comor-
bidities, particularly urological, associated with aging and
their respective treatments may contribute to a decreased fer-
tility potential in men.

Effect of Age on Semen Parameters

The cornerstone study to assess a man’s fertility potential re-
mains the semen analysis. While the most commonly used
definition of “normal” semen parameters is not without con-
troversy, studies have negatively correlated decreases in se-
men parameters with reproductive success, some of which
may be overcome with ARTs [25]. While individual studies
comparing the semen parameters of younger and older men
have demonstrated inconsistent findings, possibly due to the
inclusion in some studies of men presenting for infertility
evaluations, meta-analyses have shown an overall trend to-
wards a decline in semen quality with age [26, 27••].

The most consistent finding amongst studies is the de-
cline in semen volume in the aged male. Kidd et al. per-
formed a meta-analysis in 2001 looking at the impact of
aging on semen parameters and demonstrated that when
comparing the semen of men in their fourth to their sixth
decade of life, semen volume declines 3–22% [26]. There
was also a 3–37% decline in sperm motility and a 4–18%
decline in normal morphology when comparing these co-
horts. A more recent meta-analysis by Johnson et al.
showed similar findings, with aging males demonstrating
a decrease in semen volume, sperm count, motility, and
morphology [27••]. Both studies did not show a decline in
sperm concentration, but this is likely based upon the par-
allel decline in both semen volume and sperm count.

In a study of ICSI outcomes using donor oocytes,
Beguería et al. demonstrated a decrease in all semen param-
eters with increasing paternal age [28]. For every 5 years of
age, semen volume decreased by 0.22 mL, concentration
increased by 3.1 million sperm/mL, and motility decreased
by 1.2%. A similar, but much smaller, study demonstrated
only a decline in sperm morphology in men > 50 years com-
pared to younger men undergoing ICSI with donor oocytes
[29]. These studies must be interpreted with caution, as they
provide limited to no information on these men’s comorbid-
ities, prior pregnancies, or other possible issues related to
male factor infertility.

Despite some differences, these studies indicate a general
decline in traditional semen parameters with age.

Effect of Age on Sperm Genetics

More recently, studies have started to examine the possibil-
ity of age-related changes in sperm genetics, such as sperm
DNA damage/fragmentation, sperm aneuploidy, telomere
length, and epigenetic changes. Many studies have found
that sperm DNA damage increases as males age [27••,
29–31]. However, Brahem et al. reported that DNA frag-
mentation was increased with age only in an infertile cohort
and not in a cohort of proven fertility [32]. In a study using
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donor oocytes, García-Ferreyra et al. demonstrated that
men ≥ 50 years of age had significantly higher DNA frag-
mentation (33.6 ± 18.19%) compared to men aged 40–
49 years (24.1 ± 14.49%) and ≤ 39 years (25.6 ± 15.63%)
[33•]. While the rates of DNA fragmentation are generally
higher in this study than in a similar prior study of donor
oocyte cycles from the same author, the overall trend of
significantly increased DNA fragmentation in men ≥
50 years of age is maintained [29].

While the exact mechanisms of this increase in sperm
DNA damage with age are not known, reactive oxygen
species (ROS) are a known cause of DNA damage and older
men have demonstrated increased levels of ROS in their
seminal ejaculates [34]. Increased ROS in older men
may be related to an increase with age in cumulative envi-
ronmental pollutant exposure, comorbidities, or varicoceles
[35].

Similar to their finding with DNA damage, Brahmen
et al. demonstrated that sperm diploidy increased with age
only in the infertile patients and not in the fertile patients
[32]. Kaarouch et al. showed higher rates of DNA fragmen-
tation and sperm aneuploidy rates with age in men under-
going IVF for male factor infertility [36•]. Other studies
have shown no difference in sperm numerical chromosomal
abnormalities between older and younger men [37, 38].
Many studies of aneuploidy in APA assess aneuploidy
based on embryo biopsy, without analysis of sperm [29,
33•].

Telomeres are repeating sequences of DNA found at the
end of chromosomes which serve a protective function over
the genetic material during cellular division [39]. It is
known that telomeres shorten with age, and people with
shorter telomeres have reduced survival [40]. Interestingly,
contrary to most tissues in the body and oocytes, it has been
demonstrated that telomere length increases in sperm as men
age [41]. Indeed, offspring of older men have longer telomeres,
and this has been shown to be maintained for at least two
generations [42].

More recent studies have focused on the role of possible
epigenetic changes in the sperm of older men. It has been
demonstrated that there is an increase in global sperm meth-
ylation with age [43]. Jenkins et al. examined the impact of
aging on sperm DNA methylation and found 139 regions of
hypomethylation and 8 regions of hypermethylation in aged
sperm associated with 117 genes [44]. APA has also been
associated with epigenetic changes in the genome of oo-
cytes. Kawai et al. demonstrated that expression of genes
important for autophagy and embryonic growth were neg-
atively associated with paternal age, and they hypothesized
that this may be due to epigenetic modifications [45].

These studies all indicate that there are age-related changes
in sperm genetics, and most of these are likely detrimental to
reproductive success.

Paternal Age and Reproductive Success
with Unassisted Conception

Most studies have demonstrated a negative association with
paternal age and the reproductive success of unassisted con-
ception. One of the most commonly reported associations is
that of increased time to pregnancy with APA. In question-
naires completed by couples in the Avon Longitudinal Study
of Pregnancy and Childhood, when controlling for female
partner age, the odds ratio for conception in ≤ 12 months
was 0.51 in men aged ≥ 40 years compared to men aged <
25 years [46]. A similar, but higher, odds of increased time to
pregnancy was noted in a study out of the UK [47].

A study by de la Rochebrochard et al. demonstrated that
when the female partner was aged ≤ 34 years, paternal age ≥
40 years did not have an effect on the odds of conception
within 1 year [48]. However, when the female partner was
aged 35–39 years, there was a higher odds ratio for failure to
conceive within 12 months (adjusted odds ratio of 2.21) when
paternal age was ≥ 40 years compared to younger men.

Taken together, these studies demonstrate an overall de-
cline in the reproductive success of aged males with unassist-
ed conception.

Paternal Age and Reproductive Success
with Assisted Conception

Assisted conception includes both intrauterine insemination
(IUI) and in vitro fertilization (IVF) with or without
intracytoplasmic sperm injection (ICSI). In a study of 901
cycles of IUI, paternal age was themost significant predicative
factor on multivariate analysis contributing to decreased suc-
cess of IUI [49]. A more recent study by Belloc et al. exam-
ined 17,000 IUI cycles and found that there was a negative
effect of paternal age on pregnancy rate in parallel to the effect
of maternal age [50].

McPherson et al. examined 4,057 first IVF cycles with and
without ICSI and found a combined negative effect of APA
with advanced maternal age on live birth rates [51•]. There
was an approximately 10% decrease in pregnancy and live
birth rates in 35-year-old women when the male partner was
> 40 years of age compared to male partner aged < 30 years.
However, starting at age 35 years for the female partner, this
additive effect was no longer seen, suggesting a much stronger
female factor for infertility as women age. It should be noted
that the study did not provide information on the semen pa-
rameters of these men and that infertility in the couple was
attributedmore often to male factor when the male partner was
older.

Wu et al. did not demonstrate any association of paternal
age with fertilization rate at IVF. However, when the maternal
age was 31–34 years, increasing paternal age was associated

Curr Urol Rep (2018) 19: 54 Page 3 of 9 54



with decreased implantation and pregnancy rate. No informa-
tion, other than age, was given on the males in this study
including comorbidities, semen parameters, or reason for
seeking IVF.

In a study by Kaarouch et al., it was shown that couples
undergoing IVF for male factor infertility had worse outcomes
with APA [36•]. Compared to younger men, IVF cycles per-
formed with men with APA had lower fertilization rates (56 vs
65%), lower cleavage rates (94 vs 96%), lower blastulation
rates (24 vs 33%), higher rates of cancelled embryo transfers
(29 vs 10%), lower clinical pregnancy rates (17 vs 32%), and
higher miscarriage rates (60 vs 42%). Men with APA did
demonstrate higher rates of sperm DNA fragmentation and
aneuploidy in this study.

Since it is often difficult to interpret the effect of paternal
age on IVF outcomes due to maternal factors or abnormal
semen parameters in many studies, the oocyte donation model
has been used to help isolate the possible effect of APA on IVF
success. de la Rochebrochard et al. examined the French
National IVF Registry looking at cases of IVF performed in
couples due to either bilateral fallopian tube obstruction or
absence [52]. This study showed that for men aged ≥ 40 years,
the odds ratio was 2.0 for failure to conceive when the female
partner was aged 35–37 years and this increased to 5.74 with
female partners aged ≥ 41 years compared to couples where
both partners were < 30 years of age. Another study using
donor oocytes demonstrated a 26% decreased odds of a live
birth rate for each 5-year increase in paternal age [53].

However, other studies using the oocyte donation model
have failed to show an effect of paternal age on IVF outcomes.
In a study of IVF with ICSI outcomes using donor oocytes
from women < 36 years of age, Beguería et al. showed there
were no differences in any reproductive outcomes (biochem-
ical pregnancy, clinical pregnancy, miscarriage, and live birth)
amongst males of different ages [28]. Other studies have also
not shown a significant impact of male age on IVF outcomes
using donor oocytes [54, 55].

While many studies do show a possible effect of APA on
reproductive outcomes with assisted conception, some studies
do not show a correlation. Thus, it is difficult to definitively
determine if APA is detrimental in the setting of ART at this
time.

Potential Health Problems in Offspring
of Older Men

The increased risk of certain health issues in the offspring of
aged men has been well documented, and more studies are
continually being published on this topic. While the exact
mechanisms of many of these associations are difficult to
prove, some are likely related to the sperm genetic changes
described earlier. Additionally, in a study of 78 parent-

offspring trios from Iceland, Kong et al. demonstrated that
there was an increased rate of de novo mutations in the off-
spring of older fathers [56]. It should also be noted that when
examining studies of neuropsychiatric and behavioral issues,
it is often difficult to control for possible differences in envi-
ronmental and social factors faced by the offspring of fathers
of different ages or for reasons of delayed paternity in the first
place (i.e., paternal psychiatric illness, etc.).

Compared to infants born to fathers aged 25–29 years,
those born to fathers > 45 years have increased rates of late
stillbirth, low birth weight, preterm birth, and very preterm
birth [57]. In a study of 944,031 pregnancies from a Danish
nationwide cohort from 1994 to 2010, the highest hazard ra-
tios for stillbirth were noted when the father was > 40 years of
age, with the highest ratio in those > 50 years (1.58 compared
to fathers aged 30–34) [58••].

However, using a population-based cohort of > 800,000
live births from Ohio between 2006 and 2012 and control-
ling for maternal age, Hurley et al. did not find an associa-
tion of paternal age on perinatal outcomes such as preterm
birth or fetal growth restriction with or without the use of
ART. When controlling for maternal factors, APA has been
associated with lower infant mortality. In a study using the
Linked Birth and Infant Death data file from the National
Center for Vital Statistics, adolescent fathers (age <
20 years) siring children with older women (aged 21–
45 years) demonstrated the highest risk for infant mortality
with a hazard ratio of 2.7 [59].

An increased risk of congenital abnormalities in the off-
spring of men with APA was one of the first associations
reported. In 1955, Penrose hypothesized about the increased
risk of achondroplasia in the children of older fathers [60].
Since then, other autosomal dominant disorders have been
associated with APA such as Apert syndrome, osteogenesis
imperfecta, and neurofibromatosis type I [61–63].

There is also a reported increased risk of other conditions,
such as syndactyly and cleft palate, in the offspring of older
fathers [64, 65]. An analysis using the Danish national register
data demonstrated that offspring of fathers aged > 45 years
had a 69% higher rate of patent duct arteriosus compared to
that of younger fathers [66]. There have also been studies
suggesting increased risk of disorders of aneupoloidy, such
as Down syndrome (trisomy 21) [67]. However, these studies
of often poorly account for advanced maternal age and thus
these associations are considered weak [68, 69]. More recent-
ly, in a study using donor oocytes (with an average age of
24 years), García-Ferreyra et al. demonstrated that men ≥
50 years of age had significantly higher rates of global aneu-
ploidy, trisomy 21, trisomy 18, and trisomy 13 (65.1, 15.1,
14.9, and 14.2%) on embryo biopsy with preimplantation ge-
netic diagnosis (PGD) compared to men aged 40–49 years
(53.5, 5.7, 3.8, and 2.5%) and ≤ 39 years (55.6, 6.1, 4.3, and
5.2%) [33•].

54 Page 4 of 9 Curr Urol Rep (2018) 19: 54



Studies examining the association of APA with increased
risk of malignancy in offspring have showed generally incon-
sistent results, except for acute lymphoblastic leukemia
(ALL). In a study examining the Danish health registries from
1978 to 2010, there was a 13% increased hazard ratio for ALL
for every 5-year increase in paternal age [70••]. An increased
risk of 4% per 5-year increase in paternal age for ALL was
also demonstrated in a meta-analysis [71•]. There is also some
evidence of an association of APA with an increased risk of
retinoblastoma, but this data is not as strong [72].

Interestingly, there is some data to suggest that actually a
younger paternal age at birth may be associated with an in-
creased risk of some malignancies. Levine et al. examined a
cohort of over one million men linked to the Israel National
Cancer Registry and showed that an increasing paternal age at
birth was linearly associated with a lower risk of testicular
germ cell tumors, especially seminomas [73••]. The risk of
seminoma decreased by 3.2% for each increase in year of
paternal age at birth and the risk of seminoma was 40% higher
in sons of fathers aged 15–24 vs > 30 years.

One of the areas with the most literature associating the risk
of health problems in offspring of men with APA is in neuro-
psychiatric disease. A study of the Danish population demon-
strated an increased risk of schizophrenia, mental retardation,
and autism spectrum disorders (ASDs) in children born to
fathers ≥ 45 years of age [74]. A study of the Swedish popu-
lation, which compared siblings and cousins to possibly ac-
count for familial related confounding factors, demonstrated
an increased risk of many conditions such as ASDs, psycho-
sis, bipolar disorders, suicide attempts, substance abuse prob-
lems, and attention deficit/hyperactivity disorder (ADHD)
[75]. Many other newer studies have corroborated the associ-
ation of neuropsychiatric diseases, particularly schizophrenia
and ASDs, with APA [76, 77]. In a study of 389 patients with
schizophrenia, Fond et al. found a significant difference in the
age of onset of the disease (20.7 vs 22.3 years) in offspring of
fathers ≥ 35 years at birth [78]. While most studies show a
positive correlation between APA and neuropsychiatric dis-
eases, a more recent study of the Danish population did not
find an association of APAwith ADHD [79•].

Data is conflicting on the effect of APA on the intelligence
and academic achievements of these men’s offspring. The
study by D’Onofrio et al. of the Swedish population demon-
strated an increased risk of failing a grade and a lower educa-
tional attainment in offspring of older men [75]. Saha et al.
examined a sample of 33,437 children from the US
Collaborative Perinatal Project and showed that the offspring
of older fathers demonstrated decreased neurocognitive ability
[80].

However, Gajos et al. showed a significant, albeit marginal,
nonlinear relationship between paternal age at birth and male
children’s verbal IQ scores at age 9 [81]. It has been shown in
a population-based study of British twins that male offspring

of older fathers demonstrated higher scores on measures
assessing IQ and the ability to focus strongly on a subject of
interest, and this was also associated with future academic
achievement [82].

There are also potential social issues children of older fa-
thers may have to face which may impact their mental health
and behavior. Examples include the possible effect on the
child of caring for an elderly parent or handling the death of
the parent at a potentially earlier age in the child’s life.

Interestingly, it has been hypothesized, but far from proven,
that the children of older men may derive some benefit from
possibly increased longevity due to the increasing telomere
length in the sperm of older men. It has been suggested that
this may serve as a mechanism of “adaptive intergenerational
plasticity” allowing for longer lifespans as generations repro-
duce at older ages [83].

Despite the evidence supporting an increased risk of vari-
ous health conditions in the children of older men, it needs to
be noted that the overall incidence of many of these genetic
diseases is quite low, and the percentage of children born to
fathers of APA, while increasing, remains low [69]. This
means that significantly increased incidences, even several
fold, for many of these conditions often translate into only
small increases in the actual number of children born that
are affected. That being said, many of these diseases often
have significant morbidity andmortality associatedwith them.

Conclusions

There has been significant development in our knowledge of
the effects of APA on fertility in the past two decades. This
information is becoming increasing important to both clini-
cians and patients given the increasing paternal age in many
countries. This article reviews the urologic comorbidities as-
sociated with the aged male that can impact fertility potential.
Additionally, the impact of APA on decreased semen param-
eters, increased alterations in sperm genetics, possibly de-
creased reproductive outcomes, and increased risk of health
conditions in offspring of men with APAwas reviewed.

Given these findings, clinicians should be obligated to
counsel older potential fathers on these possible risks.
Because of this, some older men may want to seek earlier
work-up with semen testing or pursue IVF with PGD, partic-
ularly given the potential for worsening outcomes with the
continued ticking of the “biologic clock.” Since it has been
shown that men with abnormal semen parameters or with a
diagnosis of infertility have an increased risk of mortality and
medical comorbidities themselves, it may be also prudent to
counsel men on these potential health risks pending the find-
ings of their work-up [84, 85••]. Somemenmay even consider
cryopreserving sperm when younger; however, there is no
guarantee of improved reproductive outcomes by doing this
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and there are additional ethical and financial concerns.
Because of all the possible concerns raised in this article about
APA, some have proposed placing a paternal age limit for the
use of ARTs, but this is highly controversial for numerous
reasons [86]. Overall, no guidelines exist to support these
considerations at this time [87].

In conclusion, numerous recent studies have highlighted
the potential decline in factors associated with productive suc-
cess and health of the offspring in fathers of advanced paternal
age. However, a lot remains unknown about fertility in the
aging male, and the choice of siring offspring in older age
remains up to the individual father and his partner.
Clinicians should be aware of the current data and appropri-
ately counsel patients on the possible risks of advanced pater-
nal age.
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