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ABSTRACT • When compared to maternal age, paternal
age has not attracted the same attention throughout history.
Advanced paternal age has been sometimes incriminated
as a possible factor that can affect pregnancy and its outcomes. In this review, we discuss the effect of paternal age
on fertility, miscarriage, chromosomal abnormalities, congenital anomalies, perinatal outcomes, and neurodevelopmental
disorders. In fact, advanced paternal age is associated with
decreased semen quality leading to lower pregnancy rates,
longer time to conception, and a higher number of miscarriages. Additionally, an increase in the rate of adverse pregnancy outcomes, such as congenital anomalies and preeclampsia, is reported when the father’s age is advanced.
However, no significant effect on the outcome of assisted
reproductive technology (ART) or the risk of trisomies, is confirmed.
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intrODuCtiOn

Advanced maternal age and its effect on pregnancy and
conception has historically received the attention of both
patients and health care providers. in turn, advanced
paternal age effect on pregnancy is less well defined
and has perhaps attracted less interest. for children born
to women aged under 25 or those who are not married,
birth certificates often lacked information on the father’s
age [1]. in fact, in 2013, the paternal age was not reported for 13 percent of all births that took place in the
united States, and this rate increased to 32 percent when
the woman’s age was less than 20 and to 29 percent
when the mother was not married [2]. however, paternal
age is known to have important effects on fertility as
well as pregnancy outcome. this is important to keep in
mind particularly given the trend for delay in childbearing. for instance, the rate of births per 1000 men has
decreased from 92.0 in 1980 to 55.7 in 2013 in the 20-24
years’ category and from 123.1 to 90.6 in men aged 25
to 29 years. Contrarily, the rate of births per 1000 men
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showed significant rise in the 30-34 and 35-39 years’
categories, with a rise from 91.0 to 101.8 and from 42.8
to 66.6, respectively [2]. it is not surprising then for the
president of the American Society of reproductive Medicine, Dr. r. Jeffrey Chang, to caution in his keynote
speech at the millennium annual meeting of the society
that “the impact of age on reproductive health is a vital
issue for the 21st century”. the impact of advanced
maternal age has been extensively reviewed as an important factor for women’s reproductive health. the question of declining fertility as men age is an important one
that needs additional research to resolve.
in this review we will discuss the effect of paternal age
on fertility, miscarriage, chromosomal abnormalities,
congenital anomalies, perinatal outcomes, and neurodevelopmental disorders among others.
DiSCuSSiOn

Fertility
numerous studies have demonstrated that increasing
male age is associated with increased time to conception
and possible failure to conceive [3,4,5]. ford et al. conducted a large population-based study of over 8000 pregnancies that aimed at examining the effect of paternal age
on time to conception, while adjusting for the mother’s
age. their findings revealed that increasing father’s age is
associated with decreased conception rates within one
year [4]. Also, following several investigations on a large
population-based birth-cohort, Mutsaerts et al. concluded
that advanced paternal age, especially above 35 years, is
associated with increased time to pregnancy [5].
this effect of advanced paternal age on fertility has
been attributed to numerous factors. for instance, sperm
quality has been shown to decrease with increasing age.
Brahem et al. examined the association between the age
of the male and semen quality. Among their significant
findings was a decrease in semen volume and vitality in
the older population [6]. zhu et al. reported no change in
semen volume with increasing age. however, sperm
motility, vitality, and the percentage of normal sperm
decreased [7]. in turn, a decrease in sperm concentration
or number of sperm with normal morphology has been
demonstrated in a number of studies [8,9].
Coital frequency should be taken into consideration
when studying pregnancy rates and time to conception.
using the results of the Massachusetts Male Aging
Study (MMAS), feldman et al. reported that the prevalence of complete erectile dysfunction tripled between
ages 40 and 70 years [10]. this reflects the impact of age
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on impotence. Araujo et al. also used the data of the
MMAS and observed that prior to age 40 the frequency
of sexual activity in men was 6.5 times per month. this
frequency decreased continuously as men reached their
40s, 50s, and 60s [11]. Decreased sexual activity, due to
erectile dysfunction and lower androgen levels, is also
associated with increasing paternal age [12]. however,
the effect of sexual dysfunction on fertility can be modified by the use of assisted reproductive technology (Art)
since the male germ cells are not affected by sexual dysfunction [12]. however, if there is no erection at all
sperm will not follow all the maturation steps and modifications that take place in the epididymis and during the
ejaculation process which could lead to less effective
spermatozoa.
Art is an important tool towards achieving conception. Maternal age is a very influential factor affecting
this objective. when compared to younger women, pregnancy and fertilization rates are significantly lower in
women aged 43 years or more while live birth delivery
rates also decrease significantly around the same age
[13,14]. two recent large retrospective studies analyzed
the effect of advanced paternal age on the outcomes of
assisted reproduction. no significant difference in reproductive outcomes, such as clinical pregnancy and live
births rate, was reported when the father’s age was
advanced [15,16]. Similarly, wu et al. reported that paternal age has no impact on fertilization rate and embryo
quality at the cleavage stage [17].
to conclude this section, a systematic review including 12 studies was published in 2015 by Sagi-Dain et al.
[18]. After analyzing several factors including semen
parameters, rates of fertilization, miscarriages, live birth
among others, the authors concluded that there is insufficient evidence to claim that advanced paternal age has
an unfavorable effect on Art outcomes [18]. hence,
more studies are needed in this particular field in order
to be able to draw solid conclusions that could be translated into practice.
Miscarriage
Compared to the effect of maternal age on miscarriage,
paternal age has been less studied despite long-standing
interest.
Advanced maternal age has been shown to be associated with increasing rates of miscarriage [19,20]. thus,
when the effect of paternal age on miscarriage risk is
studied, there is a need to control for the confounding
maternal age. A retrospective population-based multicenter study on infertility and subfecundity analyzed
paternal and maternal ages together and referred to them
as ‘couple age’.
the risk of miscarriage was found to be the highest in
couples where the woman is 35 years old or more and the
man’s age greater than 40. the study also showed that in
couples where maternal age was less than 35, the highest
risk of miscarriage occurred when the father’s age exceeded 40 [21]. Moreover, a large cohort study of 23,821 preg42 Lebanese Medical Journal 2018 • Volume 66 (1)

nant women showed that “pregnancies fathered by a man
aged 50 or more years had almost twice the risk of ending
in a fetal loss compared with pregnancies with younger
fathers.” [22]. Based on the investigations available it
seems that like advanced maternal age, advanced paternal
age may increase the risk of spontaneous abortions albeit
to a lesser extent.
Chromosomal abnormalities
Spermatogenesis continues throughout a male’s life span
unlike oogenesis that is limited to the human fetus except for the meiotic maturation that takes place after
puberty. Spermatozoa are continuously produced, so the
number of cell divisions and chromosomal replications
that have taken place increase as men age, hence the
greater possibility for error in males due to the larger
number of mitotic replications in the germ cells when
compared to females [23].
Aging males are believed to be the major contributors of de novo mutations introduced into the gene pool
[23-25]. Additionally, multiple chromosomal aberrations have been associated with increasing male age.
this includes more breaks in sperm DnA, a higher frequency of point mutations and aneuploidies [26-28].
for instance, Garcia-ferreyra et al. studied the relationship between men’s age and DnA damage. Among the
findings of the study, men who were aged 50 years or
more had a higher number of sperm with damaged DnA
and higher aneuploidy rates in embryos [28]. Alshahrani
et al. report that when compared to infertile men aged
less than 40 years, those who are aged 40 or more have
a greater percentage of sperm DnA fragmentation [26].
with that said, DnA fragmentation is not only the result
of problems taking place during mitotic divisions but
can also be due to unfavorable conditions that alter the
sperm after its production, like oxidative stress.
Advanced paternal age has also been shown to be
associated with an increase in new autosomal dominant
mutations and diseases [29]. examples include Apert,
achondroplasia, pfeiffer, and Marfan syndromes [30].
regarding trisomies, Steiner et al. found that offsprings of younger fathers have a higher risk of aneuploidies [31]. Another study looked at the effect of paternal
age in predicting the risk of trisomy 21 in the offspring of
women younger and older than 35 years. the occurrence
of trisomy 21 was significantly higher in older women
when the father was 20 to 24 years old with an adjusted
prevalence ratio of 2.27. when the father’s age was more
than 40 years, a slight increase in the prevalence of Down
syndrome was noted in the older women group with a
ratio of 1.35 [32].
De Souza et al. reported a higher risk of 47 XXy
(Klinefelter syndrome) with advanced paternal age, in
their case-control study [33].
what we can conclude is that data is scarce and sometimes contradictory which makes it impossible to reach
generalizable conclusions that can be applied.
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Congenital anomalies
An increase in congenital anomalies occurrence has
been associated with advanced paternal age in some
studies [34,35]. yang et al. conducted a large populationbased retrospective cohort study, which included over 5
million births, to study the effect of advanced paternal
age on birth defects. After adjusting for possible confounders such as maternal age, maternal smoking and
alcohol use during pregnancy, they reported an increase
in the odds ratio for any birth defects in association with
advanced paternal age [36]. More specifically an increased risk of heart defects, tracheoesophageal fistula,
and other musculoskeletal/integumental anomalies was
noted. interestingly, infants born to fathers under 25
years of age were found to be at a higher risk of neural
tube defects as well as omphalocele/gastroschisis [36].
in addition, congenital heart defects were reported to be
more likely to occur in children born to fathers whose age
was advanced [37]. A recent study by Su et al. showed a
specific increase in the prevalence of patent ductus arteriosus (pDA) when the father’s age is advanced [38].
Preeclampsia and other adverse pregnancy
outcomes
the association between advanced maternal age and
preeclampsia was well established in many studies [20,
39]. Some investigators have hypothesized a similar relationship between advanced paternal age and preeclampsia, particularly with the known relationship between paternal factors and preeclampsia [40].
Other adverse perinatal outcomes were studied in relation to advanced paternal age but the data is limited to
few studies with some of them reporting an effect of advanced paternal age on stillbirth and preterm birth [41,
42]. in fact, the risk of very preterm birth, defined as less
than 32 weeks of gestation, was found to be associated
with advanced paternal age [41,42]. Alio et al. report a
significant increase in the risk of stillbirth, preterm birth,
and low birth weight in offsprings whose fathers are aged
45 years or more. however, a decreased risk of small for
gestation age infants has been noted [41].
regarding Caesarean delivery, their rate was shown
to be increased with advanced maternal age [43]. when
studying primiparous women, faro et al. described an
increased rate in Caesarean deliveries when the father’s
age was advanced especially over age 40 [44]. their
analysis was stratified by maternal age. Also, tang et al.
looked at deliveries by nulliparous women. A significant
rise in the rate of Caesarean sections was observed with
advanced paternal age independently of the mother’s age
[45].
neurodevelopmental disorders
Schizophrenia has been studied in association with
paternal age. An elevated risk in its occurrence was
found in children of fathers with advanced age [46,47].
regarding bipolar disorder, the data is not well established, with some studies reporting no association with
F. MIRZA et al – Advanced paternal age and pregnancy

paternal age [46]. Others describe an increased occurrence of bipolar disorder in offspring of fathers with
advanced age [48]. in addition to an increased risk of
bipolar disorder, D’Onofrio et al. noted higher incidence
of attention-deficit/hyperactivity disorder and psychosis
in offsprings born to fathers aged 45 years or more [48].
Autism spectrum disease is also considered to be associated with paternal age [46,47,48]. in one study fathers
aged 40 years or more had 3.3 times increased odds of
having a child with autism when compared to fathers aged
less than 20 years [46]. Similarly, in another study, offspring of men aged more than 45 years were 3.45 times
more likely to have autism than offspring of men aged between 20 and 24 years [48]. Maternal as well as paternal
age was found to independently influence the incidence of
autism [49]; however, tsuchiya et al. reported that only
increased paternal, but not maternal, age carried a higher
risk of autism [50].
COnCluSiOn

in addition to the longstanding interest in the effect of
maternal age on fertility and pregnancy outcomes, the
corresponding effects of paternal age has recently attracted the attention of investigators. Studies have demonstrated that advanced paternal age is associated with
lower pregnancy rates and longer time to conception. An
increase in the risk of miscarriage has also been observed
when the father is of an older age, and this risk rises further when both parents are of advanced age. Additionally,
adverse pregnancy outcomes such as congenital anomalies, pre-eclampsia, preterm birth, and operative delivery have been studied as a function of paternal age, with
some studies reporting an increase in rate with advancing
age. On another note, advanced paternal age has generally been noted to be of no detrimental effect on the outcome of Art.
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