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As paternal age increases in the developed world, more attention has been given to the effects of age on male reproductive and sexual
function. Although the biologic potential for reproductive continues for most of a man's life, changes in sperm production do occur. In
addition, erectile function changes with age, caused by the same factors that lead to other vascular disease. (Fertil Steril� 2017;107:
301–4. �2016 by American Society for Reproductive Medicine.)
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AGE AND REPRODUCTIVE
FUNCTION
The age of paternity is rising in the
United States. Over the past three
decades, the birth rate for fathers under
the age of 30 years has declined and for
fathers 30 years and older has increased
(1). For example, in 1980, the birth rate
for fathers aged 25–29 years was 123.1
births per 1,000 men, and in 2014 it fell
to 89.7 (a decline of more than 27%).
In contrast, the birth rate per 1,000
fathers aged 30–34 years increased
from 90.1 to 103.9 (an increase of
15%). For older fathers, the increase
was more dramatic. Among fathers
35–39, 40–44, and 45–49 years, the
birth rates increased 61%, 63%, and
52%, respectively. Moreover, the
popular literature is rife with celebrities
and other men having children beyond
the seventh decade of life. Though
biologically feasible, the extent of the
effects of age on male sexual and
reproductive function have been
questioned.
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Age and Spermatogenesis

Semen quality is routinely used to assess
male fertility potential (2, 3). Although
studies have questioned the reliability of
semen analysis, it remains a standard
component of a male fertility evaluation
(2, 4). Several groups have examined
the effects of male age on semen quality
and have reported general declines with
advancing age. In 2001, Kidd et al.
reviewed the literature from 1980 to
1999 (5). Sixteen studies of semen
volume, 21 studies of sperm concen-
tration, 19 studies of sperm motility,
and 14 studies of sperm morphology
were examined. The authors noted
heterogeneity in the literature, with
the most consistent declines identified
for semen volume, motility, and
morphology. In contrast, a reliable
association between male age and
sperm concentration was not identified.
The authors compared 30- and 50-year-
old men and reported decreases in semen
volume (3%–22%), sperm motility (3%–

37%), and percentage of normal sperm
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(4%–18%). Indeed, the decline in semen
volume is commonly reported by older
men presenting with ejaculatory
disorders.

A recent meta-analysis was per-
formed by Johnson et al. in 2015 (6).
They identified 90 studies examining
93,839 subjects included in 110 data
sets. The authors reported declines in
semen volume, total sperm count,
motility, progressivemotility, and sperm
morphology with increasing age. They
reported summary regression coeffi-
cients of r[volume]¼�0.103 (95% con-
fidence interval [CI]�0.136 to �0.069),
r[total count] ¼ �0.053 (�0.092
to �0.013), r[motility] ¼ �0.138
(�0.191 to �0.083), r[progressive
motility] ¼ �0.200 (�0.286 to
�0.111), and r[morphology] ¼ �0.090
(�0.134 to �0.045). Similar to the
findings of Kidd et al., a nonconsistent
decline in sperm concentration was
identified with the confidence interval
of the summary coefficient crossing
unity (r[concentration] ¼ �0.014
(�0.055 to 0.026)). Their results were
consistent with the decline in semen
volume masking a decline in sperm
concentration that would have other-
wise been observed.

In addition, the authors identified
an increase in sperm DNA fragmenta-
tion (r[DNA] ¼ �0.209 (�0.287 to
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�0.128)). Elevated sperm DNA damage is more common in
infertile men than in fertile men and may relate to impaired
fertility outcomes. Although sperm DNA fragmentation is
not currently recommended by the American Society for
Reproductive Medicine in the first line evaluation of male
fertility, it may provide addition information for couples
considering intrauterine insemination, in vitro fertilization
(IVF), or intracytoplasmic sperm injection, particularly for
older male partners (2).

When examining current studies of changes in semen
quality with age, it is important to consider the subject popu-
lation under study. While several studies have been criticized
for inclusion of patients visiting clinics for infertility, the
study by Johnson et al. accounted for subject source
(patients/clinic-based studies vs. donors/volunteers). Regard-
less of recruitment population, the authors reported a similar
trend suggesting that the impact of male age on spermatogen-
esis is consistent and broadly generalizable.

The causes of these changes in semen quality with age are
not definitively known. However, researchers have hypothe-
sized that accumulated DNA damage, exposure to environ-
mental toxicants, infections, hormonal-related declines,
and altered accessory sexual gland function may contribute
(6–10). One may also wonder if increasing paternal age
could affect the reproductive health of their male offspring,
but it has not been shown to affect spermatogenesis in sons
(11). Another important point to mention is the increasing
use of testosterone therapy in recent years, especially
among reproductive-age men, which has severe negative
effects on spermatogenesis (12, 13).
Paternal Age and Unassisted Conception

Several studies have examined the effects of increasing
paternal age on the time to pregnancy (TTP). In a retrospec-
tive study of 6,188 European couples, the authors identified
an effect of paternal age on conception which was depen-
dent on maternal age (14). Using a cutoff for paternal age
of R40 years of age, couples with a female partner <30
or 30–34 years of age did not show a significant effect of
paternal age on not conceiving within 12 months (odds
ratios [ORs] 1.18, 95% CI 0.60–2.32; and 1.17, 95% CI
0.63–2.18; respectively). In contrast, among couples with
women 35–39 years of age, risks of delayed conception
were significantly higher when paternal age was
R40 years than when paternal age was <40 years, with
an adjusted OR of 2.21 (95% CI 1.13–4.33).

A cross-sectional study of all couples expecting a baby
completed questionnaires at 18 weeks of gestation from
1991 to 1992 (15). Of 8,515 planned pregnancies, 74% were
conceived in %6 months, 14% in the 2nd 6 months, and
12% after more than 1 year. After adjusting for female age,
body mass index, smoking, housing, education, oral
contraceptive use, alcohol consumption, and cohabitation,
the likelihood of conception within 6 or 12 months was
lower for older men. Compared with men <25 years old,
the ORs for conception in %12 months in men aged 30–34,
35–39, and R40 years were 0.62 (95% CI 0.40–0.98), 0.50
(0.31–0.81), and 0.51 (0.31–0.86), respectively.
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In a study of 2,122 pregnant women in the United
Kingdom, the authors found that increasing male age was
associated with significantly rising TTP and declining
conception rates. A fivefold increase in TTP occurred with
men's age >45 years. Relative to men <25 years old, those
>45 years were 4.6-fold and 12.5-fold more likely to have a
TTP of >1 or >2 years, respectively. Similar results were
identified when restricting the analysis to partners of young
women, suggesting the effects were not driven by female
partner age (16).
Paternal Age and Assisted Conception

Several groups have examined the effect of paternal age on as-
sisted conception. Given thatmaternal age often increaseswith
paternal age, several groups have attempted to examine the ef-
fect of paternal age in isolation by examining only donor-egg
cycles. Paulson et al. examined 441 donor-egg cycles (17).
Although the authors saw a decline in sperm counts, they did
not see an effect on fertilization rate or live birth rate.

Frattarelli et al. examined data from infertile couples
undergoing 1,023 anonymous oocyte donation cycles (18).
The authors found no difference in fertilization rate, day 2
embryo arrest, day 3 embryo arrest, and day 3 embryos with
R7 cells when stratifying by paternal age. However, they did
identify a lower rate of blastocyst formation in older fathers.
Based on their data, the authors concluded that sperm from
men >50 years of age was associated with some measures of
impaired embryo development and higher rates of embryo
loss that resulted in a lower live birth rate. Because the fetal
genome becomes active only after the 4- to 8-cell stage, the
increased DNA fragmentation with increasing male age could
account for reduced blastocyst formation. Robert Shaw
examined 237 donor oocyte cycles and reported a decline in
pregnancy and live birth rate with increasing male age (19).

Another strategy to attempt to account for female factors
in IVF is to isolate analyses to couples utilizing IVF owing to
tubal disease, hoping to eliminate the confounding uterine
and ovarian factors that may obscure the effect of paternal
age. De La Rochebrochard et al. used this strategy when
examining 1,938 couples undergoing IVF for tubal disease
(20). Comparing men >39 and <30 years of age, the authors
identified a 1.7 higher odds of failing to conceive for the older
men. Moreover, the trend held across female ages, such
that the odds were elevated for female partners 35–38 (OR
2.0, 95% CI 1.1–3.6), 39–40 (2.0, 1.1–3.7), and R41 (5.7,
2.2–15.7) years of age.
Summary

The literature supports an association between sperm
production and age whereby semen volume, sperm motility,
and sperm morphology decline. In addition, the bulk of
evidence supports a decline in male fertility with increasing
age when assessing unassisted or assisted reproduction.

AGE AND ERECTILE FUNCTION
Coital frequency and erectile function decrease with age
(21, 22) in association with delayed conception and
VOL. 107 NO. 2 / FEBRUARY 2017
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reduced success with fertility treatments. Although the
impact of those factors on reproduction has not been
studied, infrequent coitus reduces natural conception,
and ejaculatory abstention increases sperm DNA
fragmentation (23). Improving erectile function would
contribute to more frequent coitus and an improved
sexual relationship during the stresses of infertility and
fertility treatments. With the prominent exception of
exogenous testosterone, lifestyle and certain treatment
approaches improving erectile function have been
associated with improved fertility. Exogenous testosterone
causes oligospermia and even azoospermia (24); it is
widely used by aging men, and its use may not be
readily disclosed. It must be discontinued and sperm
parameters usually normalize with the use of hCG-based
stimulation regimens (25). Other treatments for the male
partner, such as clomiphene citrate and aromatase inhibi-
tors, can raise serum testosterone without negatively
affecting sperm parameters (26).
Erectile Biochemistry and Physiology

Nitric oxide (NO) and its second messenger, cyclic guanosine
monophosphate, are the most important mediators of penile
vascular and sinusoidal smooth muscle relaxation. Sexual
arousal stimulates penile nerves to activate neural NO
synthase resulting in dilation of penile vessels, marked inflow
of blood, and engorgement of penile sinusoids. Shear stress
caused by the increase in penile blood flow activates endothe-
lial NO synthase which relaxes smooth muscle surrounding
the penile arteries and the sinusoids of the corpora cavernosa
(CC). Distention of the CC together with muscular pressure
from surrounding pelvic floor muscles occlude penile veins
within and adjacent to the penile tunica, maintaining the
erection. Muscular contractions of the pelvic floor muscles
raise intracorporeal pressure (ICP) above vascular inflow
pressure to provide maximal penile rigidity (27).

Erectile dysfunction (ED) has been reported to affect 10%
of men at age 40 years and 80% over the age of 70 years (22),
although the incidence is much lower in men without
coronary artery disease (2% at age 40–49 years, rising to
only 39% for men >70 years of age) (28). The reason that
aging, vascular disease, and ED are so closely connected is
that the underlying biochemical mechanisms are the same:
oxidative stress (OS) leading to decreased vascular NO and
damage to intracellular proteins, lipids, and cellular structures
such as mitochondria; inflammation and insulin resistance,
caused at least in part by OS; decreased physical activity
and muscular bulk and strength; and decreased use. We will
discuss age-related ED in the context of these interrelated
mechanisms.
Decreased Physical Activity and Lean Muscle Mass

Physical activity progressively decreases with age. Erectile
difficulties, ranging from mild to severe, are tenfold higher
in sedentary men (29). The prevalence of ED in those men
that engage in moderate exercise is associated with a two-
thirds and a high degree of physical activity with more than
VOL. 107 NO. 2 / FEBRUARY 2017
80% reduction of the incidence of ED (30). Sperm parameters
have also been reported to be better in physically active men
than in sedentary men (31).
Decreased Bulk and Strength of Pelvic Floor
Muscles

Pressure within the CC (and therefore rigidity) solely from
inflow of blood can not exceed systolic blood pressure, yet
ICP up to 2–4 times systolic has been recorded in the male hu-
man (32). The bulbocarvernosal muscles partially surround the
CC to augment erectile potency by constricting venous outflow
and by directly increasing ICP (32). The ischiocavernosal mus-
cles also overlie and insert onto the penile tunica to allow their
contractions to improve erectile quality. In a cadaver study,
relatively young sexually active men, PF muscles were more
developed and their points of attachment to the tunica were
thicker (P< .01) compared with older sexually less active men
(33). In a thorough and exceptionally well designed study of
pelvic floor exercises, erectile function normalized in 40% of
subjects and improved in another 35% (34).
Decreased Use

Frequency of coitus decreases with age (21). The incidence of
ED was twofold higher in men accustomed to a coital
frequency of less than once per week (35). Shear stress
increases NO release from the endothelium of systemic ves-
sels, and the increase in blood flow with erection is much
greater than in systemic vessels with exercise (36). In large
vessels, in a nonhuman animal model, acute exercise
increased vascular NO for 48 hours, but daily exercise
increased NO fourfold, lasting for a week (37). These studies
suggest that erections promote subsequent erectile potency,
and that all measures that improve erectile function,
including PDE5 inhibitors, have a secondary benefit by allow-
ing better, more frequent, and more prolonged erections.
However, the curative effect of frequent coitus on underlying
ED remains unproven. More frequent coitus improves natural
conception and decreases sperm DNA fragmentation (23),
which increases with age (38, 39).
Testosterone

Low and low normal levels have been associated with ED, and
serum testosterone correlates with vascular NO production
(40). In hypogonadal men, testosterone supplementation im-
proves erectile function and response to PDE5 inhibitors and
reduces insulin resistance and central body fat distribution.
Improvement of erectile function has been more consistent
in younger than in older hypogonadal men (41). Testosterone
levels may increase in obese men with exercise and weight
loss (41) and with agents known to increase vascular NO
(42). Exogenous testosterone reduces sperm production (24)
and should not be used in men wishing to conceive.
Summary

Erectile function declines with age owing to increased body
weight, decreased physical and sexual activity, increased
303
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inflammation, decreased muscle mass, and increased oxida-
tive stress, insulin resistance, and circulating glucose. DNA
fragmentation increases with age and with less frequent ejac-
ulation. Therefore, age-related decline in sexual function can
contribute to delayed natural conception and greater need for
and reduced success of fertility treatments. For all of these rea-
sons, measures taken to improve sexual function in the aging
man (27) will also help to fulfill their reproductive function.
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