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INTRODUCTION Fertility in women declines with increasing age. With the deferment of marriage and childbearing,
couples are turning to assisted reproductive technology to counteract this decline. We aimed to evaluate the results of
in vitro fertilisation (IVF)/intracytoplasmic sperm injection (ICSI) in women of different age groups, and highlight the
cost-effectiveness of IVF treatment in these groups while assessing its implications on the national healthcare provision
model.

METHODS Retrospective analysis of 3,412 stimulated IVF/ICSI cycles in a hospital-based IVF centre was performed from
January 2008 to December 2010. Patients were stratified into seven age groups: < 30 years; 30-35 years; 36-37 years;
38 years; 39 years; 40-44 years; and > 45 years.

RESULTS Age had a significant effect on the number of cycles leading to embryo transfer (p < 0.001). The number of
oocytes retrieved decreased across the various age groups (p < 0.001) and was the highest among women aged < 30
(mean 18.5 + 10.3) years. With increasing age, there was a trend toward a lower fertilisation rate. Age also had a significant
effect on the rates of clinical pregnancy, live birth and multiple pregnancies (p < 0.001).

CONCLUSION Patients aged < 30 years had the best IVF outcomes, reflecting optimal reproductive capacity. Age-related
decline in fertility starts after 30 years. Women opting for IVF should be counselled about age-specific success rates

while taking into account individual risk factors.
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INTRODUCTION
With increasing age, fertility in women declines.* Most women
reach menopause by their early fifties, and biological infertility
occurs about 10-12 years before menopause.“* However, there
is no universal definition of an advanced reproductive age for
women, in part because the effects of increasing age occur as a
continuum rather than as a threshold effect, and declining fertility
is an individual event that differs in each woman.®

Nevertheless, it is well known that fecundability (i.e. the
probability of achieving a pregnancy in one menstrual cycle)
begins to decline significantly in the early thirties, with a more
rapid decline a few years later (around 37 years of age).” In
women aged 31-35 years, spontaneous cumulative pregnancy
rates begin to decline, and by 35-39 years, one-third of women
experience difficulty conceiving. By 40-44 years of age, half of
all women have impaired reproductive capacity.®

The precise reason for the loss of fertility with female
ageing is not fully understood, although it is thought to be due
to genes encoded on the X chromosome and autosomes. The
mechanisms postulated to be responsible for such loss include
decreasing ovarian reserve," poorer oocyte quality,” lower
embryo implantation rates,"? altered hormonal environment
resulting in ovulatory dysfunction''? and uterine problems.®?”
There is a higher propensity for acquired conditions such as
endometriosis, fibroids and pelvic infections to occur in older
women.® Lifestyle factors such as obesity and lower frequency
of intercourse are also potential risk factors.”

With the deferment of marriage and childbearing, more
couples nowadays are turning to assisted reproductive
technology in an attempt to counteract age-related decline in
female reproductive capacity. However, it is indisputable that
the highest live birth rates in in vitro fertilisation (IVF) are still
seen in younger women aged 25-30 years,"* a finding which
confirms that a woman's age is an important determinant of
IVF success.

The primary objective of the present study was to evaluate
the results of IVF/intracytoplasmic sperm injection (ICSI) in
women of different age groups. The secondary objective involved
highlighting the cost-effectiveness of IVF treatment in these age
groups while assessing the implications of IVF treatment on the
national healthcare provision model in Singapore.

METHODS
The medical records of 2,900 women undergoing IVF at
KK Women's and Children's Hospital IVF Centre, Singapore,
from January 2008 to December 2010 were reviewed. A total
of 3,412 fresh IVF cycles using autologous oocytes commenced
during the study period. The causes of subfertility in couples
seen at our centre included male factors, ovulatory disorders,
tubal disease, endometriosis, failed intrauterine insemination,
previous tubal ligation, premature ovulation failure and
unexplained subfertility.

A retrospective review of all 3,412 cycles was performed.
The ages of the women were recorded at the start of stimulation,
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and the patients were stratified into the following seven age
groups: < 30 years; 30-35 years; 36-37 years; 38 years; 39 years;
40-44 years; and = 45 years. The IVF outcomes of these age
groups were reviewed. The indices reviewed included the average
number of oocytes collected, mean duration of stimulation and
fertilisation rates. The number of cycles reaching embryo transfer,
clinical pregnancy rates, live birth rates, miscarriage rates and
multiple pregnancy rates were also reported.

The average number of oocytes collected per cycle, average
days of stimulation and fertilisation rate were reported as mean
standard deviation. The fertilisation rate was reported in terms of
percentage. Differences in these factors between the various age
groups were tested using one-way analysis of variance (ANOVA).
Where differences were found to be statistically significant,
contrast analysis was performed to further analyse the difference
for significance.

Frequency and percentages were reported for the
variables — number of cycles with embryo transfer, number
of clinical pregnancies, live births, miscarriages and multiple
pregnancies. Differences in these factors between the age groups
were analysed using the chi-square test. Odds ratio (OR) between
the different age groups was also reported. A p-value of < 0.05
was considered to be statistically significant.

RESULTS

Of the 3,412 fresh cycles, the majority was noted in women
aged 30-35 years (n = 1,583, 46.4%), followed by women aged
36-37 years (n = 569, 16.7%) and < 30 years (n = 386, 11.3%).
Women aged 40-44 years, 39 years and 38 years accounted
for 9.8% (n = 334), 7.9% (n = 271) and 7.7% (n = 263) of all
cycles, respectively. Women aged > 45 years made up the lowest
group, accounting for merely 0.2% (n = 9) of all cycles. Table |
summarises the IVF outcomes of women reviewed in the seven
age groups.

The rate of miscarriage among women aged < 30 years was
15.1% (28/185). Miscarriage rate doubled to 30.0% (21/70)
among women aged 38 years, and among those aged 39 years,
this rate increased to 47.7% (21/44). Among women aged
40-44 years, the miscarriage rate was as high as 55.3% (21/38).
For women aged > 45 years, a total of 6 (0.2%) fresh cycles were
started. However, only 3 (50.0%) women reached embryo transfer
and none achieved a clinical pregnancy. Compared to women in
the younger age groups, women aged > 45 years had the lowest
mean number of oocytes collected per cycle (mean 4.5 + 2.3)
and the lowest fertilisation rate (47.6% + 42.1%; Table I).

The proportion of cycles reaching embryo transfer in
the various age groups were as follows: < 30 years (95.9%,
370/386); 30-35 years (95.2%, 1,507/1,583); 36-37 years
(95.3%, 542/569); 38 years (91.3%, 240/263); 39 years (92.3%,
250/271); 40-44 years (85.9%, 287/334); and = 45 years (50.0%,
3/6; Table | & Fig. 1).

Age was found to have a significant effect on the number
of cycles resulting in embryo transfer (x%(6) = 69.2, p < 0.001).
Contrast analysis of the ORs among the various age groups
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Fig. 1 Percentage of fresh cycles reaching embryo transfer in the various
age groups.
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Fig. 2 Comparison of the average number of oocytes collected per cycle
among the various age groups.

showed significant differences between women aged 39 years and
those aged 40-44 years (OR 2.0, 95% Cl 1.1-3.4), and between
women aged 40-44 years and those aged > 45 years (OR 6.1,
95% Cl 1.2-31.2; Table I).

The number of oocytes retrieved decreased across the various
age groups, and the difference was statistically significant (F(6,
2,843)=61.0, p < 0.001). The number of oocytes retrieved was
highest among women aged < 30 years (mean 18.5 = 10.3; Table |
& Fig. 2). Contrast analysis among the various age groups showed
statistically significant decreases when comparisons were made
between the age groups: < 30 years vs. 30-35 years, 30-35 years
vs. 3637 years, 38 years vs. 39 years, 39 years vs. 40-44 years
and 40-44 years vs. > 45 years (p < 0.001).

There was a general downward trend in the embryo
fertilisation rate among women with increasing age (Table | &
Fig. 3). Significantly lower fertilisation rates were noted among
women aged 40-44 years when compared to those aged
39 years (66.8% + 30.8% vs. 69.8% + 26.6%; p = 0.001).
Embryo fertilisation rates among women aged > 45 years were
further reduced when compared to those aged 40-44 years
(47.6% = 42.1% vs. 66.8 = 30.8; p = 0.047). Evaluation of the
mean duration of stimulation among the different age groups
showed that age did not have a significant effect on this interval
(F(6, 3,395) = 4.4, p = 0.129; Fig. 4).
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Table I. Outcomes of in vitro fertilisation in the various age groups.

Age Mean * SD No. (%)

8roup  No. of oocytes No. of Fertilisation Total cycles Cycles with Pregnancies* Live Miscarriages* Multiple

(yrs) collected per stimulation rate (%) embryo births* pregnancies*
cycle days transfer*

< 30 185+10.3 10.1+1.7 745+21.0 386 (11.3) 370 (95.9) 185 (50.0) 148 (40.0) 28 (15.1) 3 (39.5)

30-35 15.4+9.6 10.2+1.6 72.1+22.7 1,583 (46.4) 1,507 (95.2) 686 (45.5) 577 (38.3) 84 (12.2) 216 (31.5)

36-37 13.0+9.2 10.3+1.7 73.2+23.1 569 (16.7) 542 (95.3) 170 (31.4) 135 (24.9) 30 (17.7) 3 (19.4)

38 11.0+ 8.6 104 +1.7 71.5+23.3 263 (7.7) 240 (91.3) 0 (29.2) 7 (19.6) 21 (30.0) 0 (14.3)

39 9.8+6.7 10.3+1.5 69.8+26.6 271 (7.9) 250 (92.3) 4 (17.6) 2 (8.8) 21 (47.7) 3(6.8)

40-44 8.2+6.7 10.3+1.9 66.8+30.8 334 (9.8) 287 (85.9) 8 (13.2) 7 (5.9) 21 (55.3) 5(13.2)

> 45 45+23 10.5+1.4 47.6+42.1 6 (0.2) 3 (50.0) 0 (0) 0 (0)

Total 3,412 (100.0) 3,199 (93.8) 1,193 (37.3) 946 (29.6) 205 (17.2) 340 (28.5)

*Percentage is calculated based on the total number of cycles for the age group. *Percentage is calculated based on the total number of cycles with embryo transfer
for the age group. *Percentage is calculated based on the total number of pregnancies in the age group.
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Fig. 3 Comparison of the embryo fertilisation rates among the various age
groups.

Average no. of stimulation days for different age
groups
12
11
W»
10
9
<30 30-35 36-37 38 39 40-44 =245
Age group (yrs)

Fig. 4 Comparison of the mean duration of stimulation among the various
age groups.

Clinical pregnancy rates were highest among women aged
< 30 years (50.0%; Table | & Fig. 5). Women who did not
achieve embryo transfer were excluded from the analysis of
clinical pregnancy rates. Age was found to have a significant
detrimental effect on clinical pregnancy rates (x*6) = 198.3,
p < 0.001). A statistically significant difference was found in the
ORs for clinical pregnancy between women aged 30-35 years
and those aged 36-37 years (OR 1.8, 95% Cl 1.5-2.3; Table II).
A higher OR for clinical pregnancy was also found for women
aged 38 years, which was statistically significant, when compared
to women aged 39 years (OR 1.9, 95% CI 1.3-3.0; Table ). No
clinical pregnancies occurred in women aged > 45 years.
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Fig. 5 Comparison of clinical outcomes among the various age groups.

Live birth rates were the highest in women aged < 30 years
(40.0%), with a downward trend being observed with increasing
age (Table I & Fig. 5). Age had a significant inverse relationship
with live birth rates (x*(6) = 221.6, p < 0.001). A statistically
significant difference was evident in the ORs for achieving live
birth per attempted embryo transfer cycle between women
aged 30-35 years and those aged 36-37 years (OR 1.9, 95% ClI
1.5-2.3; Table ). On comparing women aged 38 years with those
aged 39 years, a statistically higher OR was found for achieving
live birth among those in the younger age group (OR 2.5, 95%
Cl 1.5-4.3; Table II).

Women aged < 30 years had the highest multiple pregnancy
rates (39.5%; Table | & Fig. 5), and age was found to have a
significant effect on the incidence of multiple pregnancies (x*(5)
= 42.3, p < 0.001). Women aged < 30 years were 1.4 times
more likely to have a multiple pregnancy than women aged
30-35 years, whereas women aged 30-35 years were 1.9 times
more likely to have a multiple pregnancy than women aged
36-37 years (Table Il). Age also had a significant effect on the
incidence of miscarriages (x*(5) = 88.0, p < 0.001).
DISCUSSION
As in many other developed countries, Singaporean women are
delaying marriage and childbirth for a variety of reasons. These
include the higher availability of contraceptive options, and
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Table Il. Comparison of odds ratios among the various age groups.

Age group (yrs)

OR (95% Cl)

Cycles with Clinical Live birth Multiple Miscarriage
embryo transfer pregnancy rate rate pregnancy rate rate
< 30 vs. 30-35 1.2 (0.7-2.0) 1.2 (1.0-1.5) 1.1 (0.9-1.4) 1.4 (1.0-2.0) 0.8 (0.5-1.2)
30-35 vs. 36-37 1.0 (0.6-1.5) 1.8 (1.5-2.3) 1.9 (1.5-2.3) 1.9 (1.3-2.9) 1.5 (1.0-2.4)
36-37 vs. 38 1.9 (1.1-3.4) 1.1 (0.8-1.5) 1.4 (0.9-2.0) 1.4 (0.7-3.1) 2.0 (1.0-3.8)
38 vs. 39 0.9 (0.5-1.6) 1.9 (1.3-3.0) 2.5 (1.5-4.3) 2.3 (0.6-8.8) 2.1 (1.0-4.7)
39 vs. 40-44 2.0 (1.1-3.4) 1.4 (0.9-2.2) 1.5 (0.8-3.0) 0.5 (0.1-2.2) 1.4 (0.6-3.2)
40-44 vs. > 45 6.1 (1.2-31.2) NA NA NA NA

Cl: confidence interval; NA: not applicable; OR: odds ratio

prioritising of academic pursuits and work commitments over
personal life. As data from the Singapore Department of Statistics
shows, fewer women are getting married under the age of 30 now
when compared to a decade ago (Fig. 6)."¥ Furthermore, there
was a reduction in the age-specific fertility rate of Singaporean
women in 2010 when compared to 2000 (Fig. 7)."” Data also
revealed that the total fertility rate of Singaporean women had
declined over the last 20 years, with the lowest total fertility rate
per woman being reported in 2010 (Table I11).1

Reflecting societal trends toward delayed marriages and
deferment of childbearing, our study showed that the largest
proportion of women undergoing IVF at our centre were over
30 years of age, specifically aged 30-35 years. This is certainly a
concern, as age-related decline in fertility is known to commence
as early as 30 years of age in women — this was reflected in the
reduced number of oocytes retrieved per cycle and the lower
pregnancy and live birth rates seen among women of older age
groups in our study. Correspondingly, the best IVF outcomes were
noted in women aged < 30 years. In a related finding, Menken
et al reported that women aged over 30 years had significantly
higher live birth rates when donor oocytes from younger women
were used instead of their own oocytes.®

The decline in fertility with age corresponds to the natural
biological attrition of the ovarian reserve. The maximum
complement of oocytes (approximately 6-7 million) exists during
fetal life (at 20 weeks of gestation), a number that undergoes
attrition during the course of pregnancy and drops to about 1-2
million by birth.® At puberty, 300,000-500,000 oocytes remain,
and by the age of 37 years (when the rate of attrition doubles,
resulting in an increased rate of follicular loss), around 25,000
remain in women."” By the time of menopause, which is usually in
the fifties (approximately age 49 years in Singaporean women),®
only about 1,000 follicles remain."®

For women aged 40-44 years, clinical pregnancy rates fell
to 13.2% in our study, indicating a nearly fourfold decrease
when compared to women aged < 30 years."” Studies suggest
that poorer IVF outcomes in women over the age of 40 years
are due to the lower number of oocytes collected as well as
poorer oocyte quality, giving rise to lower fertilisation and
implantation rates, with fewer cycles reaching embryo transfer
in this cohort.""'® These results reinforce the major role that
age plays in IVF outcomes, and confirm that women aged

Table Ill. Total fertility rates in Singapore from 1980 to 2010.

Year Total fertility rate per woman
1980 1.8
1990 1.8
2000 1.6
2008 1.3
2009 1.2
2010 1.2

Source: Singapore Department of Statistics®

Per 1,000 unmarried residents
140 7

. - -
120 1 o
100 1 F
80 1 f
60 ‘
40 4 s
20 .+

0

- =+ Males,2000
—— Males,2010

- Females,2000
Females,2010

Female

15-19  20-24 25-29 30-34

Age group (years)

35-39  40-44
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over 40 years are likely to face more difficulties in achieving
pregnancy.

Live birth rates are lower with increasing maternal age due
to increased obstetric complications. A doubling in miscarriage
rate, from 15.1% among women aged < 30 years to 30.0% among
those aged 38 years, was found in our study. The incidence of
miscarriages was further increased by fourfold to 55.3% among
women aged 40-44 years. Compared to women aged < 30 years,
live birth rates in those aged 40-44 years fell to 5.9%, indicating
a nearly sevenfold decrease. Our findings are consistent with
the live birth rates (range 2.0%-7.0%) reported in the literature
for women aged 40 years and above."™ Previous results from
our centre have reported cumulative live birth rates of 16.0% in
women over 40 years after three IVF cycles."” These outcomes
suggest that women opting for IVF need to be informed about
the increased obstetric risks, and lower pregnancy and live birth
rates associated with increased age.

Given that female age plays a crucial role in IVF outcomes,
we aimed to highlight the economic implications of IVF outcomes
in the various age groups, as well as its ramifications for the
national healthcare provision model in Singapore, as a secondary
objective of this study. For older patients keen to embark on IVF
treatment, counselling on success rates and financial costs is
imperative. Patients need to realise the financial repercussions of
incurred costs from cycle cancellations, higher drug dosages and
the increased number of cycles required to achieve live birth."”
From a national cost-effectiveness perspective, evidence suggests
an increase of up to 3.6 times in the cost per delivery for older
women,? as well as higher incremental costs per live birth with
each respective IVF cycle.?” These findings form the economic
rationale behind Singapore's co-funding scheme for couples —
Enhanced Co-Funding For Assisted Reproduction Technology
(ART) Treatment —which provides partial financial reimbursement
to women under the age of 40 years undergoing a maximum of
three fresh and three frozen ART cycles in public hospitals. The
scheme is based on the relative cost-effectiveness of providing
treatment to patient groups likely to have a better prognosis.

In our study, no clinical pregnancies were reported in women
aged > 45 years. This finding, which was consistent with the
dismal IVF outcomes reported in the literature for women aged
> 44 years,""” is one of the reasons why the Singapore Ministry
of Health does not allow women aged > 45 years into an ART
programme, unless prior approval has been obtained.

In summary, there is evidence that fertility decreases with
increasing maternal age, which, beyond a certain age, cannot
be overcome by IVF treatment. Couples embarking on IVF in
Singapore are provided financial counselling, which is an integral
aspect of informed decision-making. It is especially important
that older women are provided with centre-specific statistics to
foster realistic expectations and awareness of increased treatment
costs per live birth, given that government co-funding is no longer
available to them. Clinicians could play an important role in
reducing the financial burden incurred by patients due to ART
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by advising against the commencement of treatment in patients
likely to have poor prognosis, as well as recommending against
repeat cycles in repeat poor responders.
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