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Abstract
Purpose The purpose of this study is to determine if there is
an additive effect of combined advanced maternal and pater-
nal age on pregnancy and live birth rates.
Methods Retrospective data analysis of 4057 first cycles at a
fertility centre between 2009 and 2013 was compiled. Donor,
preimplantation genetic screening and double embryo transfer
cycles were excluded. Main outcomes measured were clinical
pregnancy, viable pregnancy, live birth and term birth.
Results Logistic regression indicated strong negative associa-
tions for maternal ages exceeding 27 years with clinical preg-
nancies (p < 0.001), viable pregnancies (p < 0.001), live births
(p < 0.001) and term births (p < 0.001). There was evidence of
negative associations between paternal age and both viable
pregnancies (p = 0.06) and live births (p = 0.04), such that
the probability of pregnancy was 10% further reduced for
women who were 35 years with a partner over 40 years vs.
women aged 35 years with a partner under 30 years. There
was evidence of an interaction between maternal age and the
paternal age on term births (p = 0.02) such that advanced
paternal age’s effect on the probability of a term birth was
only evident in couples where the maternal age ranged be-
tween ~27 and 35 years.

Conclusions There is an additive effect to pregnancy and live
birth rates when both partners are of an advanced age, thus
highlighting the need for pre-conception public health mes-
saging and a combined approach to ART counselling
assessing both parental ages in combination.
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Introduction

In the past 30 years, there has been an increasing trend towards
a delay in starting a family leading to an increase in the mean
age of both parents. Using Australia as an example of a west-
ern nation, the median age of mothers is now 30.7 years and
the median age of fathers is 33.1 years [1], with 23% of all
naturally conceived births from mothers ≥ 35 years and 10%
from fathers ≥ 40 years [2]. These statistics are accentuated
within couples seeking assisted reproductive technology
(ART) treatment, due to the strong relationship between ma-
ternal and paternal age and subfertility. At present, the average
age of mothers and father undergoing ART in Australia is 36.0
and 38.2 years, respectively and 54% of all initiated cycles are
in women aged 35 years or older and 35% of all initiated
cycles are in men aged 40 years or older [3].

It has been well established that advanced maternal age is
associated with reduced fertility and reduced live term births
in both natural conception and an ART setting [4]. These ef-
fects seem most likely attributed to reduced oocyte viability
including increased rates of aneuploidy [5, 6] and reduced
mitochondrial activity [7]. However, even when euploid em-
bryos are transferred, pregnancy rates for older women remain
lower compared with younger women due to increased rates
of spontaneous miscarriages [8].

* Nicole O. McPherson
nicole.mcpherson@adelaide.edu.au

1 School of Medicine, Robinson Research Institute, Discipline of
Obstetrics and Gynaecology, University of Adelaide, Level 3
Medical School South, Adelaide, South Australia 5005, Australia

2 Repromed, Dulwich, Adelaide, South Australia 5065, Australia
3 Freemasons Centre for Men’s Health, University of Adelaide,

Adelaide, South Australia 5005, Australia
4 Monash IVF Group, Richmond, Victoria 3121, Australia

J Assist Reprod Genet (2018) 35:279–287
DOI 10.1007/s10815-017-1054-8

mailto:nicole.mcpherson@adelaide.edu.au
http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-017-1054-8&domain=pdf


More recently, advanced paternal age has also been associ-
ated with reduced ability to conceive [9]. Men aged 40 years
or older have a lower likelihood of conception within
12 months compared with men < 25 years [10]. Following
intrauterine insemination and after adjustment for maternal
age, pregnancy rates remain lower in couples where the male
partner was of an advanced paternal age [11, 12]. These re-
ductions in pregnancy rates are likely due to reduced semen
parameters of men of advanced paternal age (lower seminal
fluid volume, reduced sperm counts, reduced motility and
increased abnormal morphological sperm) [13]. However,
even after the removal of sperm factor infertility through
intracytoplasmic sperm injection (ICSI), pregnancy rates still
remain lower, with reduced implantation and live birth rates
and a fivefold increase in miscarriage rates when the male
partner is aged 40 years and older [14, 15].

To date, the impacts of both advanced maternal and ad-
vanced paternal age on pregnancy have been studied indepen-
dently. However, as more couples attending fertility treatment
are now jointly of an advanced age, this study was to deter-
mine if there were interactions or additive effects of combined
maternal and paternal age on pregnancy and live birth rates in
couples undergoing ART.

Materials and methods

Human ethics

Institution review board approval to retrospectively analyse
this data was obtained from the Repromed Scientific
Advisory Board and the University of Adelaide Human
Research Ethics Branch as per Australian National Health
and Medical Research Council Ethical Guidelines. For this
type of study, formal consent is not required.

Subjects

A retrospective cohort of reproductive technology cycles ini-
tiated at Repromed Dulwich South Australia and Darwin
Northern Territory between 2009 and 2013 was compiled.
Greater than 70% of patients were of a Caucasian ethnic back-
ground. First patient cycles where both the male and female
age at collection were recorded and included in our analysis
with gonadotropin-stimulated cycles involving oocyte retriev-
al and insemination with partners’ sperm either by standard
insemination (IVF) or intracytoplasmic sperm injection (ICSI)
assessed or a combination of both (SPLIT) (Fig. 1, Table 1).
Excluded from consideration were natural cycles and cycles
utilising donor oocytes, donor sperm, double embryo transfer
and embryo biopsy followed by preimplantation genetic
screening. Women primarily underwent a GnRH antagonist
protocol of treatment with vaginal progesterone gel

(Crinone)/estradiol valerate luteal support or human-derived
hCG luteal support (Pregnyl) as previously described by
Thalluri V et al. [16]. Potential confounders of maternal and
paternal BMIs were recorded for all included patients.

Laboratory protocols

Egg number at oocyte pickup (OPU) was recorded by the
laboratory staff. All media to support the growth of the human
embryo was purchased from Vitrolife, Gothenburg, Sweden.
Eggs were fertilised by either standard IVF or ICSI in fertili-
zation medium or by a combination of both. Fifteen to 18 h
post fertilization, zygotes were assessed for the presence of the
male and female pronuclear (2PN) and determined as not
fertilised if 2PNs were not visible. All embryos were cultured
using a sequential culture system where cleavage-stage em-
bryos were grown up until day 3 (68 h ± 1 h) in G1.3 + 10%
human serum albumin (HSA) culture media. They were then
moved to G2.3 + 10% HSA culture media, which is specifi-
cally designed to support blastocyst development. Embryos
were cultured in 50 μl drops (maximum of four embryos per
drop) under 7.5 ml of mineral oil at 6% CO2, 5% O2 and 89%
N2 in a humidified atmosphere up until day 3 when they were
moved to individual 10 μl drops until either day 4 (blastocyst)
(96 h ± 2 h) or day 5 (expanded blastocyst) (116 h ± 2 h) of
embryo development. Day of embryo transfer was dependent
on availability of clinician for transfer.

Pregnancy determination

All patients had determination of βhCG 16 days following
oocyte retrieval (unless menstruation began prior to this date).
A clinical pregnancy was defined by two rising serum βhCG
concentrations > 5 IU/l and the presence of a fetal sac at
ultrasound. A viable pregnancy was determined as the pres-
ence of at least one gestational sac, with fetal heart motion
present at 6–8 weeks gestation on trans-vaginal ultrasound.

Classification of live birth

Birth outcomes were supplied by the treating obstetrician as
per the assisted reproductive technology treatment act which
indicates mandatory reporting to the Australian and New
Zealand Assisted Reproduction Database (ANZARD). Only
post-20-week births were considered. Live birth was deter-
mined as according to the World Health Organization
(WHO) definition, a live birth is defined as the complete ex-
pulsion or extraction from its mother of a product of concep-
tion irrespective of the duration of the pregnancy, after such
separation, breathes or shows any other evidence of life, such
as beating of the heart, pulsation of the umbilical cord or
definite movement of the voluntary muscles, whether or not
the umbilical cord has been cut or the placenta is attached;
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each product of such a birth is considered liveborn. Term birth
was as determined by the birth of one or more live-born in-
fants between 37 and 41 weeks gestation.

Statistical analysis

Univariate linear regressions were used to assess maternal age
associations between (log transformed) AMH, FSH starting
dose and (log transformed) FSH concentrat ions.
Associations between infertility type (tubular, endometrial or
male factor) and both maternal and paternal age were assessed
using binomial logistic regressions. In the analyses of fertili-
zation, pregnancy and birth outcomes multivariable binomial
logistic regressions were constructed. The primary predictors
of interest were maternal and paternal ages, with maternal and
paternal BMIs, (log transformed) FSH concentration,

insemination technique and the number of eggs collected as
covariates. Nonlinearity was modelled using restricted cubic
splines with knots at the 5th, 50th and 95th percentiles. Log-
likelihood ratio tests comparing nested models were used to
assess the presence of non-linear associations. Multiple impu-
tation using chained equations with 100 simulated data sets
was employed to account for missing covariate data. The anal-
ysis of fertilization rates indicated that couples for whom the
number of eggs collected was five or less had elevated failure
rates and thus was skewing the dataset due to failed fertiliza-
tion. As such, the analyses of pregnancy and birth outcomes
only included couples for whom at least six eggs had been
collected. In addition, there was no association found between
insemination technique and pregnancy outcomes (p > 0.05)
and therefore insemination technique was removed from all
pregnancy analysis. All analyses were performed in R v3.3.3

Oocyte pick up
N=3323

Excluded 
Donor and pre implantation genetic screening (N=284)
Missing patient data (N=162)
Double embryo transfer (N=164)
No outcome data (N=124)

Initiated cycle
• N=4057

Excluded 
Number of eggs 
collected ≤5 (N=1108)

Outcomes
N=2215

1) Embryo transfer (N=2050)
2) Clinical pregnancy (N=812)
3) Viable pregnancy (N=729)
4) Live birth (N=641)
5) Term birth (N=329)

Fig. 1 Data overview

Table 1 Patient demographics

Cycles from FSH ICSI (N = 2347) IVF (N = 841) SPLIT (N = 135) All (N = 3323)

Maternal age

Median 34 32 38 34

(Range) (18–49) (19–47) (23–49) (18–49)

Paternal age

Median 36 34 39 36

(Range) (21–70) (19–62) (22–57) (19–70)

Maternal BMI (kg/m2)

Mean ± SD 26.2 ± 6.1 25.5 ± 5.8 27.4 ± 7.4 26.1 ± 6.22

Paternal BMI (kg/m2)

Mean ± SD 28.1 ± 4.6 27.4 ± 4.0 28.6 ± 4.8 27.9 ± 4.5

SPLIT is a combination of both ICSI and IVF. BMI is expressed as mean ± standard deviation

ICSI intracytoplasmic sperm injection, IVF in vitro fertilization
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using the splines and mice packages. A p value of < 0.05 was
deemed to be significant.

Results

Patient demographics

During the 4-year period (2009–2013) analysed, 4057 fresh
cycles were initiated in first time couples. Prior to start of
controlled ovarian hyperstimulation (COH), 284 cycles were
excluded due to donor and PGS cycles, 162 cycles excluded
due to missing patient data (including paternal age and BMI)
and 164 cycles were excluded due to double embryo transfer.
Of the 3447 included cycles, a further 124 cycles were exclud-
ed, 13 due to no outcome data and 111 cycles cancelled before
oocyte pickup (OPU) usually due to poor response to COH or
endocrine abnormalities (Fig. 1).

Of included cycles, 2347 were ICSI cycles, 841 IVF cycles
and 135 cycles were SPLIT insemination consisting of 4 oo-
cytes inseminated by ICSI and remainder IVF (Table 1). The
median age of mothers was 34 (18–49) while the median age
of fathers was 36 (19–70) (Table 1). The mean maternal BMI
was 26.1 ± 6.22 and the mean paternal BMI was 27.9 ± 4.5
(Table 1). Further breakdown ofmaternal and paternal age and
BMI by insemination method can be found in Table 1. The
rate of ICSI insemination was strongly associated with re-
duced AMH level, increased FSH level, advanced paternal
age and diagnosis with tubal infertility, reflective of clinical
protocols (p < 0.001).

AMH levels were reduced in older women (p < 0.001) and
those diagnosed with tubal infertility (p = 0.04), but was not
associated with maternal BMI (p = 0.81). FSH levels were
reduced in younger women (p < 0.001) and in women with
a higher BMI (p < 0.001).With older women having reduced

serum AMH concentrations, increased serum FSH concentra-
tions and a higher FSH starting dose (p < 0.001).

Couples where the female partner was older were more
likely to be diagnosed with tubal infertility (OR = 1.04
CI = [1.01, 1.07], p = 0.003) and less likely to be diagnosed
with male factor infertility (OR = 0.92 CI = [0.90, 0.93],
p < 0.001). Couples where the male partner was older were
more likely to be diagnosed with male factor infertility
(OR = 1.06 CI = [1.05, 1.08], p < 0.001) and potentially less
likely with endometrial infertility (OR = 0.97 CI = [0.95,
1.00], p = 0.06).

Number of eggs collected at OPU is predictive
of fertilization and probability of having an embryo
transfer

Analyses of fertilization rates indicated that couples who had
five or less eggs collected at OPU have a greatly reduced
probability of fertilization with a strong non-linear association
with the number of eggs collected (p < 0.001) and a linear
positive association with serum FSH (p = 0.004; Fig. 2a).
There was no association between fertilization rates and ad-
vanced paternal age after adjusting for FSH level and the
number of eggs collected (p = 0.92), or for maternal age or
maternal BMI (p = 0.63).

In our cohort 69% (N = 2215) of the couples had more than
five eggs collected. In these couples, there were 2050 (93%)
that underwent an embryo transfer. There was a very strong
increase in the probability of not having an embryo transfer
with number of eggs collected (p < 0.001) and evidence of a
non-linear association (p < 0.001) whereby probability of not
having an embryo transfer is roughly stable for 5–20 collected
eggs, and increasing thereafter due to cancellation for clinical
risk of OHSS (Fig. 2b, c). After adjusting for this non-linear
response there was evidence of a maternal-paternal age

Fig. 2 Probability of fertilization and embryo transfer by number of eggs
collected. a Probability of successful fertilization following IVF/ICSI/
SPLIT insemination by the number of eggs collected. b The probability
of not having an embryo transfer at a paternal age of 30 years by number

of eggs collected and maternal age. c The probability of not having an
embryo transfer at a paternal age of 40 years by number of eggs collected
and maternal age. Data is expressed as means with 5th and 95th
percentiles
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interaction (p = 0.03) whereby probability of not having an
embryo transfer increases with maternal age for couples with
younger paternal ages, but not for couples with older paternal
ages (Fig. 2 b, c).

Advanced maternal age reduces probability of clinical
and viable pregnancy with a weak effect of advanced
paternal age

Of the 2215 couples that had more than five eggs collected,
there were 812 (37%) clinical pregnancies. Logistic regression
indicated a strong negative association between maternal age
and clinical pregnancy (p < 0.001), and evidence for nonline-
arity on the logit scale (p = 0.002; Fig. 3a) influenced by

women < 27 years also having reduced probability of clinical
pregnancy, an outcome that was similar for viable pregnancies
(p = 0.004, Fig. 3b). Of note, the associations with paternal
age did not attain significance for clinical pregnancies
(p = 0.13, Fig. 3a) nor viable pregnancies (p = 0.06,
Fig. 3b); however, effect estimates are suggestive of more
sac only pregnancies with advanced paternal age.

Combined advancedmaternal and paternal age additively
reduce probability of live birth with an interaction
on the probability of term birth

Of the 2215 couples that had more than five eggs collected,
there were 641 (29%) live births. Logistic regression indicated

Fig. 3 Probability of pregnancy and live birth by paternal and maternal
age. aModel analysis probability of a clinical pregnancy by maternal and
paternal age. A clinical pregnancy was defined by two rising serum
βhCG concentrations > 5 IU/l and the presence of a fetal sac at the 8-
week ultrasound. b Model analysis probability of a viable pregnancy by
maternal and paternal age. A viable pregnancy was determined as the
presence of at least one gestational sac, with fetal heart motion present
at 7–8 weeks gestation on trans-vaginal ultrasound. c Model analysis

probability of live birth by maternal and paternal age. A live birth was
determined by the birth of a live foetus after 20 weeks gestation. dModel
analysis probability of term birth by maternal and paternal age. A term
birth was determined by the birth of a viable foetus between 37 and
41 weeks gestation. All models adjusted for number of eggs collected
(i.e. only included couples where six or more eggs were collected at egg
collection). Data is expressed as means with 5th and 95th percentiles.
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a strong negative association between maternal age and live
birth (p < 0.001), again with women < 27 years also having
reduced probability of live birth reflected by nonlinearity on
the logit scale (p = 0.002; Fig. 3c). Interestingly, the analyses
also demonstrated a negative association between paternal age
and live birth (p = 0.04; Fig. 3c).

For the 329 (15%) term births, the logistic regressions in-
dicated a strong non-linear association between maternal age
and term births (p < 0.001), and a negative linear association
between maternal BMI and term births (p = 0.006). Further,
there was evidence of a non-linear interaction between mater-
nal age and the paternal age (p = 0.02). We observed a de-
creased probability of term births in couples with younger
mothers < 25 years rising to a maximum probability of term
births in couples where maternal age was ~27–28 years before
further declining in couples with older mothers (Fig. 3d). An
advanced paternal age effect on the probability of a term birth
was seen in couples where the maternal age ranged between
27 and 35 years (Fig. 3d). Notably, the decrease in probability
of term birth with increasing maternal age past 35 years was
not influenced by paternal age and seemed to be less severe in
couples with older fathers (Fig. 3d).

Discussion

The effects of both AMA and APA on pregnancy and live
birth rates in an ART setting have been studied independently
controlling for the age of the reciprocal partner. Whether there
is an additive effect of having two parents of an advanced age
or an interaction of maternal and paternal age on pregnancy
and live birth rates is unknown. Utilising retrospective data
(2009–2013) from anARTclinic, we have shown that increas-
ing maternal and paternal ages are both associated with re-
duced pregnancy and live birth rates, and report the novel
finding of an additive negative effect on pregnancy and live
birth rates when both parents are of an advanced age.
Interesting, when assessing term births there was an interac-
tion between maternal age and the paternal age such that ad-
vanced paternal age effect on the probability of a term birth
was only seen in couples where the maternal age ranged be-
tween 27 years and 35 years and the decrease in term births
with maternal age was less severe in couples with older fa-
thers. We have also unexpectedly found that egg numbers
collected at OPU are associated with a strong non-linear effect
on fertilization rates such that couples who had five or less
eggs collected at OPU have an elevated probability of failed
fertilization.

The maternal decline in pregnancy and live birth rates fol-
lowing 27 years of age is well established in both natural
conception and the ART setting [4], predominantly as a result
of a decrease in oocyte quality and mitochondrial function as
women age [17–21]. This relationship is best demonstrated by

studies using donor oocytes, where women of an advanced
age undergoing ART have pregnancy rates similar to that of
the age of their donor [22]. It has also been suggested that
oocytes from women of advanced maternal age have an in-
creased aneuploidy rate [18, 21, 23, 24]. However, aneuploidy
is not the only mechanism behind the decline in pregnancy
rates of women of advanced maternal age, as transfer of eu-
ploid embryos frequently does not improve pregnancy rates to
the same level as younger women [25]. Other changes to
oocyte quality including an altered follicular environment
have also been reported in women of an advanced age [26,
27] which may also be contributing to reduced pregnancy and
live birth rates. The decline in probability of pregnancy and
live birth rates in women < 27 years in an ART setting is less
documented. However, this cohort of women in their early 20s
that require ART for conception is generally those with severe
infertility, including endometriosis, low ovarian reserve, poly-
cystic ovarian syndrome or a known genetic factor all which
are known to reduce pregnancy rates following IVF/ICSI.

Advanced paternal age also reduced viable pregnancy
rates, live birth and term birth rates in this cohort are similar
to already published findings [14, 15]. However, the associa-
tion of advanced paternal age alone was not as strong as that of
advanced maternal age alone. Paternal age effects varied
based on maternal age, with additive effects on pregnancy
and live birth rates seen when both couples were of an ad-
vanced age. This might be expected given that gestation and
the uterine environment are also known to influence pregnan-
cy outcomes [28]. The mechanisms for this decline in preg-
nancy and live birth rates as a consequence of advanced pa-
ternal age is likely due to sperm oxidative DNA damage and
changes to sperm epigenetic marks such as methylation [29,
30]. Human sperm DNA integrity is important for successful
fertilisation and normal embryonic development, as evidenced
by spermwith poor DNA integrity being negatively correlated
with successful pregnancies and increased miscarriage rates
[31–36]. Sperm DNA damage has already been shown to be
elevated in advanced paternal age [30, 37, 38] and therefore
may be contributing to the observed reduced pregnancy and
live birth rates and increased sac only pregnancies. Changes to
sperm epigenetic modifications (i.e. methylation) have also
shown to be implicated in pregnancy establishment with hy-
pomethylation of imprinting genes and repeat elements in
sperm associated with male infertility [39, 40]. More recently,
alterations to global patterns of sperm methylation were re-
ported in men of advanced age with increased sperm 5-
m e t h y l c y t o s i n e a n d i t s o x i d i s e d f o r m 5 -
hydroxmethylcytosine were seen in men over the age of
50 years [41]. The implication for this change in sperm meth-
ylation status on subsequent pregnancy remains unknown;
however, in animal models, it has been shown that these meth-
ylation changes to sperm are inherited in tissue of offspring
resulting in transcription and behavioural changes [42].
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An interesting finding from this study was the observation
that there is an additive negative effect on pregnancy and live
birth outcomes when both partners were of an advanced age.
An approximate 10% further decrease in pregnancy and live
birth rates was recorded in women aged 35 years when their
partner was aged above 40 years compared with women aged
35 years with a partner aged less than 30 years. This additive
effect appears due to an age-related interaction originating
from the two gametes that affect fertilization, embryo devel-
opment and early fetal development. During fertilization, the
early embryo undergoes substantial remodelling of the pater-
nal andmaternal derived genetic and epigenetic information to
establish a totipotent embryo [43]. The quality of the oocyte
has been demonstrated to impact the ability of the oocyte to
repair sperm generated DNA damage [44]. As replication and
pronuclear repair of both the paternal and maternal genomes
after fertilization relies solely on maternal-derived machinery
and mitochondrial-derived substrates [45], an increase in per-
turbations to sperm chromatin state with advanced paternal
age coupled with impaired oocyte repair from advanced ma-
ternal age may result in, reduced embryo quality and a reduc-
tion in pregnancy and live births.

Surprisingly, the additive effect of maternal and paternal
ages when assessing term births was no longer evident once
women were around 35 years of age. This lack of effect in
couples where women were 35 years of age could be due to
(1) the aged uterine environment had more influence on ges-
tational length than any paternal influence and therefore re-
sults cannot get any worse than that of the maternal age effect
itself or (2) our study population of ART patients, who are
already subfertile and are already at increased rate of deliver-
ing preterm [46].

An additional finding was the observation that women with
≤ five eggs collected at OPU had a substantially decreased
probability of fertilization. Women who have a poor response
to ovarian stimulation comprise several subgroups with di-
verse baseline characteristics [47] and are associated with ab-
errant oocyte quality, cleavage abnormalities and low implan-
tation rates [48]. Therefore, it is likely that the increase in
failed fertilisations in this subset is due to impaired oocyte
quality.

While our study did control for parental BMI, other con-
founding lifestyle factors besides parental BMI (i.e. smoking,
alternative medicines) which are implicated in pregnancy out-
comes were not included in the analysis which potentially
could have biased results. However, prior to treatment all pa-
tients are counselled on lifestyle influences by their treating
physician. Other factors potentially biasing our results could
have been our exclusion criteria of double embryo transfer and
PGS cycles. Sixty percent of PGS and double embryo transfer
cycles (N = 171) were in patients where the female partner age
was above 35 years. Due to their poor prognosis in IVF and
their increased rates of embryo aneuploidy female patients

over the age of 35 frequently employ genetic screening and
the use of double embryo transfer to secure a successful preg-
nancy. In addition, the ethnicity of our cohort was biased to-
wards Caucasians (> 70%) and therefore our results may only
be applicable to this population mix.

Our study is one of the first to show that there is an additive
effect to pregnancy and live birth rates when both partners are
of an advanced age, thus highlighting the need for pre-
conception public health messaging that delaying childbear-
ing in both men and women can reduce chances of pregnancy
and live birth rates in patients needing ART. The mechanism
for this additive effect is likely due to the combination of two
perturbed gametes, however, requires further investigation.
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