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Advanced Maternal Age and Assisted Reproductive
Technologies in an Irish Population
L O’Shea, C Hughes, EV Mocanu
RotundaIVF, Rotunda Hospital, Masters House, Parnell Square, Dublin 1

Abstract
In recent decades the amount of women over 40 seeking assisted reproductive technology (ART) interventions in order to become
pregnant has dramatically increased, both in Ireland and worldwide. This is due to an increase in the average age at which women
are choosing to have their first child while additionally, many couples are choosing to have a second family later in life. However, as
with natural conception, ART success rates decrease with maternal age. In the present study, we perform a 16 year retrospective
analysis on our clinical data of women between 40 and 45 years of age, who have undergone ART at a tertiary referral ART clinic.
The percentage of patients in this age group was analysed over time, in order to determine follicle recruitment, % oocyte yield,
embryonic quality, positive hCG (pregnancy rate), clinical pregnancy rate and rate of preclinical pregnancy loss. Results from our
clinic show that women greater than 43 years of age have a significantly reduced reproductive potential compared to women in the
40 to 42 years age group. Woman in the 43-45 age group showed reduced fertilization rates (53.73% versus 58.82%), reduced
positive hCG rates (11.51% versus 19.03%) and clinical pregnancy rates (5.04% versus 12.52%) and increased rates of preclinical
pregnancy loss (56.23% versus 34.23%), compared to women in the 40-42 age group. With the age at which couples are choosing
to have children constantly increasing, novel ART treatment strategies need to be developed.

Introduction
There is a well-established link between advanced maternal age
and reduced reproductive potential. This natural decrease in
fertility in women is caused by several factors including reduced
oocyte numbers, diminished oocyte and embryo quality and an
increase in miscarriage rate1-3. In addition, pregnancy at this later
stage in life involves increased maternal and fetal risks including:
miscarriage, hypertension, preeclampsia, gestational diabetes,
placenta praevia, placental abruption, caesarean section, genomic
disorders, premature birth, low foetal birth weight and neonatal
morbidity4. In recent decades the amount of women over 40
seeking assisted reproductive technology (ART) interventions,
in order to become pregnant, has dramatically increased. This
is due to an increase in the average age at which women are
choosing to have children; while additionally, many couples are
choosing to have a second family later in life5. However, as with
natural conception, ART success rates decrease with maternal
age. In addition to a reduction in oocyte numbers retrieved during
a standard ART cycle, maternal age has a detrimental effect on
oocyte competence6-8. One major factor evident in aged oocytes
is an increase in aneuploidy9,10; with chromosomal abnormalities
being a major determinant of subsequent embryonic development.
Nondisjunction during meiosis is the principle cause of aneaploids.

If normal disjunction (chromosome separation) process fails to
happen, and two chromosomes go to only one pole n+1 and
n-1 gametes are produced. The aim of the present study was to
perform detailed analysis of our clinical data on women greater
than 40 years of age, who have undergone ART at a tertiary
referral ART clinic, between 1997 and 2013.

Methods
A retrospective analysis of clinical and laboratory data was
performed by collecting data from our tertiary referral ART
academic program. All IVF/ICSI cycles carried out on women
between 40 and 45 years of age, at the Human Assisted
Reproduction Ireland (HARI) clinic, Rotunda Hospital, Ireland
between January 1997 and January 2013 were identified. This
clinic has an age cut-off limit for ART of 45 years of age. Patients
between 40 and 45 years of age at egg collection were selected
for analysis. We also split our patients into two age groups for
comparative analysis; 40-42 and 43-45. The following parameters
were then analysed: follicle recruitment, % oocyte yield (oocyte
follicle ratio), positive hCG, clinical pregnancy rate (ultrasound
confirmation of a gestational sac at 7 weeks) and preclinical
pregnancy loss (absence of intrauterine sac at 7 week ultrasound
scan following previously positive urinary hCG test).There were
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three different types of ovarian stimulation protocol employed
during the assessment period namely the long agonist protocol,
the antagonist protocol and the flare protocol. For patients with a
low ovarian reserve, the flare protocol sees patients commencing
the buserelin nasal spray (Suprecur, Sanofi-Aventis) on day 2
and uFSH (Menopur, Ferring, Ireland) or rFSH (Puregon, MSD,
Ireland) on day 3 of the menstrual cycle providing that the FSH
level was below 17IU/L, otherwise the cycle was postponed.
Once the leading three follicles reached an average diameter of
18mm or more, for final oocyte maturation hCG 10,000 IU i.m.
(Pregnyl, MSD, Ireland) was administered (5,000 IU if the dose of
gonadotrophin was reduced). Luteal phase progesterone support
was applied in the form of Crinone gel 8% p.v./b.d. (Serono, UK).
Oocyte retrieval was carried out under sedation using transvaginal
ultrasound-guided puncture of ovarian follicles 36h after hCG
administration. IVF and ICSI treatments were carried out as
previously described11.

The following variables were measured for each outcome:
stimulation protocol, fertilization procedure and culture media in
use. Logistic regression was used to model maternal age as the
dependent variable and all other variables as predictor variables.
Groups of interest were compared using Mann-Whitney U-test
or Wilcoxon’s matched pairs rank sum test was used to compare
mean values and Pearson chi-square or McNemar chi-square
analysis for comparison of proportional values. All statistical
analyses were carried out using SPSS statistics, version 20
(IBM Corporation, 2011, Armonk, New York, USA). Differences
between groups were considered significant when p-values were
less than 0.05.

Figure 1 Women over 40 undergoing assisted reproductive technologies

Results
For the study period we identified a total of 2068 egg collections
that took place in women between 40 and 45 years of age. The
proportion of patients in this age group has grown significantly
over this 17 year period; increasing form 7.2% of patients in 1997
to 19.8% in 2013 (Figure 1). The average age of the female
patients on the date of egg collection was 41.14 ± 1.28 years
and the average age of the male partner was 41.62 ± 5.63 years.
Table 1 presents the patient characteristics, including hormone
profiles. Table 2 presents the parameters for oocyte retrieval
and oocyte competence. The number of follicles aspirated and
oocytes retrieved was significantly lower in patients in the 43-45
age group compared to the 40-42 age group (Table 2). Rate of
mature (MII) oocytes was similar in both groups. The percentage
of normal fertilization (2PN zygotes) was significantly lower in
the 43-45 age group compared to the 40-42 age group; this
corresponded to a lower fertilization rate per cycle also. This
decrease in fertilization rate was observed in both ICSI and
IVF fertilized oocytes. Table 3 presents the embryo transfer
parameters and clinical outcomes. There was no difference in
embryo transfer rates between the two age groups, or the mean
number of embryos transferred per group. The pregnancy rate
(positive hCG) per cycle and per embryo transfer was significantly
lower in the 43-45 age group compared to the 40-42 age group.

Clinical pregnancy rate was also significantly lower in the 43-45
age group, while the rate of preclincial pregnancy loss was
markedly increased (Table 3).

Table 1: Baseline characteristics of patient parameters, in women
between 40 and 45 years of age, undergoing IVF/ICSI.

Parameter 40-45 years

Number of cycles 2068

Number of cycles where no eggs were retrieved 225

Average maternal age (years ± SD) 41.14 ± 1.28

Average paternal age (years ± SD) 41.62 ± 5.63

Infertility duration (year ± SD) 4 ± 3

Previous failed cycle 1.73 ± 1.94

Day 3 AMH (IU/L)* 9.03 ± 11.35

Day 3 E2 (IU/L) 196.23 ± 203.39

Day 3 FSH (IU/L) 9.15 ± 4.28

Day 3 LH (IU/L) 6.23 ± 10.44

*AMH data from March 2010-January 2013

Table 2: Oocyte retrieval and competence, in women over 40 years of
age undergoing IVF/ICSI.

Parameter 40-42 years 43-45 years
Total

(40-45 years)

Follicles aspirated
(mean ± SD)

9.44 ± 5.38a 7.57 ± 4.62b 8.51 ± 5.0

Oocytes retrieved
(mean ± SD)

7.93 ± 4.82a 6.28 ± 4.27b 7.11 ± 4.55

Oocyte yield (%) 84.07a

(10141/12062)
82.84a

(1381/1667)
83.93

(11522/13729)

Mature (metaphase II)
oocytes (ICSI only) (%)

78.76a

(2558/3248)
78.34a

(416/531)
78.70

(2974/3779)

Normal fertilization (all) (%) 58.82a

(5965/10141)
53.73b

(742/1381)
58.21

(6707/11522)

Normal fertilization (IVF) (%) 60.18a

(4148/6893)
55.53b

(472/850)
59.67

(4620/7743)

Normal fertilization (ICSI) (%) 55.92a

(1817/3248)
50.85b

(270/531)
55.23

(2087/3779)

Number of fertilized
oocytes/cycle

3.41a

(5965/1750)
2.33b

(742/318)
3.24

(6707/2068)

a,b,c Superscripts of different alphabetic characters across rows indicate significant
differences (P < 0.05) between groups, whereas presence of identical characters
indicates lack of significant differences.

Table 3: Clinical outcomes, in women over 40 years of age
undergoing IVF/ICSI.

Parameter 40-42 years 43-45 years
Total

(40-45 years)

Embryo transfer performed
(%)

89.49a

(1566/1750)
87.42a

(278/318)
89.17

(1844/2068)

Transferred embryos
(mean ± SD)

2.12 ± 0.93a 2.02 ± 0.92a 2.07 ± 0.93

Positive hCG/cycle (%) 17.03a

(298/1750)
10.06b

(32/318)
15.96

(330/2068)

Positive hCG/embryo
transfer (%)

19.03a

(298/1566)
11.51b

(32/278)
17.90

(330/1844)

Clinical pregnancy rate/
embryo transfer (%)

12.52a

(196/1566)
5.04b

(14/278)
11.39

(210/1844)

Preclinical pregnancy
loss (%)

34.23a

(102/298)
56.23b

(18/32)
36.36

(120/330)

a,b,c Superscripts of different alphabetic characters across rows indicate significant
differences (P < 0.05) between groups, whereas presence of identical characters
indicates lack of significant differences.

Discussion
Women over 40 represent the fastest growing population of
patients seeking ART in our clinic, with numbers increasing
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dramatically from 17 years ago. This corresponds with a
proportionate increase in numbers worldwide5. The ability to get
pregnant following ART relies largely on the quality of oocytes
retrieved and the subsequent development of high quality embryos
for transfer. Although oocyte maturation rate in our study was
similar between both groups, fertilization rate was greatly reduced
in women in the 43-45 age group, compared to their 40-42
counterparts. This corresponds to data previous reported by Cabry
et al13 and demonstrates how the ability of an oocyte to undergo
nuclear maturation is not always a reliable predictor of oocyte
quality and subsequent developmental potential. Maternal age is
known to be the biggest factor affecting clinical outcome following
ART. Our data shows that female patients which an age greater
than 42 have a diminished prognosis following IVF/ICSI compared
to patients between 40 and 42 years of age. This corresponds
to previously published data which clearly shows a cut-off for
success following ART in women to be 44 years of age13,14. In our
clinic the cut off rate for ART is 45 years of age; this study has
enabled better counselling of patients beyond this cut off point as
to the ethics associated with this decision. Over the past decade
many patient management and treatment strategies have been
developed for women over 40 years of age. Firstly, patients must
be counselled on both the reduced clinical success rates for ART
and increased pregnancy risks and miscarriage rates associated
with increased maternal age. Here we show a significant reduction
in pregnancy rate and clinical pregnancy rate, in addition to a
substantial increase in the rate of preclincal pregnancy loss
(increase from 34.23 % in 40-42 year olds to 56.23% in 43-45
year olds at 7 week scan). It is known that a large proportion of
miscarriages that occur in the first trimester of pregnancy are due
to chromosomal abnormalities, a known factor associated with
oocytes from women of increased reproductive age15. Due to the
low success rates observed following ART, women of increased
reproductive age often undergo the transfer of multiple embryos in
order to obtain a pregnancy. Due to the increased risks associated
with multiple births, and the increased pregnancy risk the patient
is already subject to, this strategy should be considered very
carefully before being initiated.

Other strategies currently in focus for patients of increased
age include surrogacy and/or the option of oocyte and embryo
donation. Several studies have shown that many infertility issues
associated with increased maternal age can be overcome by
oocyte donation16,17. The Spanish experience shows cumulative
pregnancy rates after 4 cycles of embryo transfer from donor
eggs reaching nearly 94%, with clinical pregnancy rates of 53.4%
per cycle and live birth rates of 42.6%17. Therefore, oocyte
donation is a very promising option for women over 40 years of
age wishing to get pregnant. Before undergoing either oocyte or
embryo donation patients need to be extensively counselled about
the ethical and legal issues associated with such procedures. At
present in many countries, including Ireland, there is no legislation
in place to cover the legal issues arising from surrogacy, oocyte or
embryo donation. Due to the increased success rates associated
with transferring embryos generated from young oocytes to
women over 40, one option for women is to ‘self-preserve’ their
own fertility by banking their eggs when they are in their 20’s
and 30’s. However, the large number of oocytes needed, in
addition to the risks associated with ovarian stimulation and egg
collection may deter women from availing of this ‘back-up plan’
for their future fertility19. Furthermore, the cryopreservation of
oocytes does not guarantee a pregnancy and the maternal risks
associated with a pregnancy at advanced age are all still present.
The ethics of offering such a service at present, giving the cost
and the low rate of success, need to be questioned.

The emerging advances in ART techniques possess the ability to
allow women to achieve pregnancy much later in life. However,
when considering ART at an advanced age it is necessary to take
into account the severe risks associated with such a pregnancy4.
One study observed that 63% women over 50 who achieved
a pregnancy through embryo donation needed hospitalization,

compared to 22% in women aged between 45 and 4922. In such
women, surrogacy may be the safer option. The ability to care for
a teenager and young adult at ages over 60 remains a challenge
nevertheless. The first do no harm principle should be extended to
the child to be and its interests considered in each individual case.
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Abstract
Chronic Obstructive Pulmonary Disease (COPD) is a leading cause of death in Ireland. It affects over 440,000 people (10% of
Ireland’s population), but awareness of COPD is low. COPD Support Ireland is a national charity established to advocate for and
support those with COPD. For World COPD Day 2013, a mobile clinic visited 5 locations to provide information about COPD and
free spirometry testing. In this study, we evaluated participants’ level of knowledge about COPD and whether this was correlated
with a number of variables. Participants completed a questionnaire (352). Questionnaires were analysed to ascertain this self-
presenting population’s characteristics. Most (247, 70.2%) were smokers/ex-smokers, yet only 168 (47.7%) knew of COPD. Almost
18% (63, 17.9%) required referral to GPs with abnormal spirometry results. Our findings suggest the need for greater COPD
education and awareness to increase earlier diagnosis, reduce health care costs and improve quality of life.

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a
leading cause of morbidity and mortality both in Ireland and
internationally1. As well as a major source of morbidity and
mortality, COPD also places a significant economic burden on
healthcare systems2. COPD is the most prevalent respiratory
disease in adults in Ireland3,4. At least 440,000 people in Ireland
have COPD, of whom over 180,000 have moderate or severe
disease, only half of whom may be diagnosed1. Of the 39
countries, which provide data to WHO Europe, the overall age
standardised COPD mortality rate is 18/100,000, but Ireland’s is
27.875. Of the Western European countries, only Denmark has
a higher mortality rate5. Awareness of COPD is low6 and delay
in the diagnosis of COPD is well recognised. A recent UK study
of over 39,000 COPD patients showed that more than half had
symptoms for six to ten years before the diagnosis was made,
and 42% had shown clinical signs that may have been related
to COPD between eleven and fifteen years prior to finally being
diagnosed.7 Formed in October 2013, COPD Support Ireland
is a charity set up to support and advocate for all those living
with COPD and is the country’s first COPD national support and
advocacy body. It is a patient-led organisation, dedicated to raising
awareness about COPD, improving early diagnosis and providing
information and guidance to patients and carers living with this
condition.

In November of 2013, COPD Support Ireland launched a
weeklong, nationwide series of free screening events to
coincide with World COPD Day. This was supported by the Irish
Thoracic Society and Novartis, a Pharmaceutical Company.
Interested participants were invited to complete a questionnaire,
were provided with free spirometry screening, and were given
information on COPD. Those with abnormal spirometry readings,
based on the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) Spirometry guidelines8, were referred to their
General Practitioner (GP). The purpose of the weeklong event
was to increase awareness of COPD in the general population,

provide information about COPD to those presenting to the clinic,
refer participants identified as being at risk of COPD for further
investigation and build awareness for COPD Support Ireland.
The aim of our study was to determine the level of knowledge
of COPD among participants, and to determine the association
between knowledge of COPD and participants’ characteristics
such as age, gender, family history, education level and smoking
history as well as assess undiagnosed disease in the participant
population.

Methods
For World COPD Day 2013, a free COPD Mobile spirometry
screening clinic travelled to 5 counties in Ireland from the 18th
to the 22nd of November, starting with Dublin followed by Sligo,
Mayo, Waterford and finally Cork. Mobile clinics were advertised
across local press, radio, TV, medical trade journals and online.
Participants presenting at the mobile clinic were requested to
complete a questionnaire containing demographic information
and information on risk factors associated with COPD. Spirometry
tests were carried out by a Respiratory Clinical Nurse Specialist
(Respiratory CNS), in accordance with ATS/ERS Taskforce
guidelines9. The Respiratory CNS did not have access to the
completed questionnaire prior to spirometry. Participants were
referred to see their General Practitioner if their FEV1/FVC
score was outside the GOLD standard. Formal ethics approval
was not required. The questionnaire was based on a previous
questionnaire used for World Spirometry Day 2012, with additional
COPD questions based on feedback of that questionnaire.
Anonymous data points were collected on the following: location
of clinic, age, gender, education level, smoking history, passive
smoke exposure, family history of lung disease, symptoms of lung
disease (cough, mucus production, shortness of breath, wheeze),
time of day for the worst symptoms, GP visits and knowledge of
COPD prior to this event. Data was then compiled in a database
and was analysed using IBM SPSS Version 22. Descriptive
analysis was carried out to describe the distribution of variables
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