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The impact of age and BMI on oocyte maturation and embryo development.
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Abstract
Background: Ovarian oogenesis is under the control of gonadotropins. In the human ovary, each fully
grown oocyte resumes maturation in response to gonadotrophins. This process is completed after
oocytes reach metaphase stage of second meiotic division (MII) stage. The aim of this prospective,
clinical trial was to perceive the age and BMI effect on oocytes maturation and embryos development in
women undergoing control ovarian hyperstimulation.
Method: A total of 40 infertile women undergoing ovarian hyperstimulation their age range between
18-40 y old were included in this study using two type of protocol: long agonist and antagonist.
Result: Significant negative correlation was observed between the age and the number of retrieved MII
oocytes. Significant negatively effects of the BMI on the number of MII oocytes while significant positive
correlation between the BMI and the fertilization rate was noticed.
Conclusion: There are negative effects of age and BMI on the oocytes number and quality.
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Introduction
The highest fertile capacity of women is in the age group
between 20-24 y; after that a progressive decrease of fertility
occurs with age [1]. The decline in female fertility begins
several years before menopause, even with continual regular
ovulatory cycles [2]. Fertility peaks when a woman is in her
late teens and early twenties and begins to decline at age thirty,
dropping more rapidly after age 35 y then fertility plummets
after age 40 and pregnancy after age 45 is rare [2].
It is well recognized that the fertility potential of women
decreases with increasing age. The decline in female
reproductive capacity with increasing age has two main causes:
Gradual depletion of oocytes from the ovary, and a decrease in
oocyte quality [3].
The reproductive organs of the human female exhibit a rate of
ageing that is much faster than that of the other body systems,
the same picture emerges from IVF studies where female age is
undoubtedly the most significant factor influencing clinical
outcome [4]. Ovarian functional decline with ageing has been
so far extensively characterized in terms of gradual depletion
of ovarian follicles and reduced ability to produce oocytes
competent for fertilization and further development [5].
A fully developmentally competent oocyte is an oocyte that
through oogenesis achieves the ability to resume meiosis,
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become fertilized with a single spermatozoa, decondense the
sperm head, create two pronuclei (PN), pass cleavage stages,
undergo maternal to embryonic transition, reach the blastocyst
stage, hatch, and establish a pregnancy that results in the birth
of a healthy baby [3].
Higher risks of infertility have been found in both overweight
and underweight women [6]. BMI is a calculated measurement
that compares a person’s weight and height and it is defined as
the weight in kilograms divided by the square of the height in
meters (kg/m2). The World Health Organization (WHO) and
the National Institutes of Health (NIH) describe underweight as
a BMI<18.5, normal weight as BMI 18.5-24.9, overweight as
BMI 25-29.9 and obesity as BMI>30 [7].

Materials and Methods
This Prospective clinical trial involved patient who were
undergoing controlled ovarian hyperstimulation during period
of study between August 2016 and February 2017 in outpatient
department of high institution for infertility diagnosis and
Assisted Reproductive Technologies, Al-Nahrain University,
Baghdad-Iraq were recruited in this study.
The present study involved 40 Iraqi infertile women aged
(18-39 y) who were undergoing controlled ovarian
hyperstimulation.
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Full history and all details of protocols were taken from the
patients and weight and height measured for Body Mass Index
(BMI) calculation.

Statistical analysis
Statistical analysis was performed by using statistical package
of science (SPSS); version 17.0 and Microsoft excel worksheet
2010.
The
numerical
data
analysis
was
done
by
using correlation, unpaired sample t-test for tables. The
significance of the differences between values was considered
statistically significant at the level of (p<0.05). The descriptive
measure of association in a correlational study is ''correlation
coefficient'' (r) which ranges from (-1) to (+1).
If r=-ve-->inverse association, if r=+ve-->+ve association and
if r=0-->no association.
Fertilization rate calculation was done by dividing the number
of fertilized oocytes to the total number of MII oocytes that
undergoing ICSI then the result multiplied to 100.
Fertilization rate=(number of fertilized oocytes/total number of
MII oocytes that undergoing ICSI) × 100.

Basic steps in the ICSI
The ICSI and embryo transfer process include stimulating the
development of healthy ova in the ovaries, ova collection,
sperms collection, as well as monitoring the fusion of the ova
and selected sperm in the laboratory after intracytoplasmic
injection by providing the suitable environment for fertilization
and early embryo growth and finally followed by transferring
the embryos into the uterus.

Control ovarian hyperstimulation (COH)
Two types of COH protocols are involved in this study:
The long GnRH agonist protocol: The long GnRH-agonist
protocol for COH included down-regulation of pituitary gland
with subcutaneous injection of GnRH-agonist (0.1 mg/d) that
was begun on 21st d of the preceding menstrual cycle, then
gonadotropin injection administered subcutaneously on the 2nd
or 3rd d of menstruation at different dosages according to the
patient’s age and previous response of ovulation induction.
When at least three follicles had reached 18 mm in diameters
HCG injection (10,000 IU) was used for triggering were
applied 34-36 h prior to oocytes retrieval [8]. The antagonist
protocol included administration of gonadotropin on the 2nd or
3rd d of menstruation at different dosages according to the
patient’s age and previous response of ovulation induction then
down-regulation of pituitary gland with SC injection of GnRH
antagonist when follicular size reached 14 mm in diameter then
triggering were applied 34-36 h prior to oocytes retrieval [9].
The COH was monitored by both serum E2 levels and
transvaginal ultrasound [9].
Oocytes pickup (OPU): It is a procedure used in IVF to take
out oocytes directly from the woman ovary prior to their
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liberate from ovarian follicles enabling fertilization outside the
body [10]. It is performed under a guide of transvaginal
ultrasound with an attached needle [10]. The oocytes are
removed from the follicles through the needle connected to a
suction device, and usually performed after 34-36 h of hCG
injection, as the oocytes are entirely mature just prior to the
rupture of follicles [10,11].
Oocyte preparation and maturity assessment: In the ICSI
laboratory, the retrieved oocyte-corona-cumulus complexes
were immediately classified according to their maturity by the
embryologist. The cumulus oophorus and the corona radiata
were removed from oocytes within 3 h after follicular
aspiration. After denudation of oocyte a rapid morphological
evaluation by an inverted microscopic is performed, including
evaluation of the zona pellucid, cytoplasm, and perivitelline
space for any abnormality, and evaluation and grading
according to nuclear maturity as metaphase II (MII),
metaphase I (MI), or prophase I (GV). Oocyte nuclear
maturity, as assessed by light microscopy, is assumed to be at
the MII stage when the PBI is visible in the PVS and it is
characteristic of metaphase of the second meiotic division,
whereas the presence of an intracytoplasmic nucleus called the
‘germinal vesicle’ (GV) which is a characteristic of prophase I
of the first meiotic division. The oocytes that have neither a
visible GV nor PBI these oocytes are generally classified as MI
oocytes.
ICSI and embryo culture: ICSI was performed 3-6 h after
oocyte recovery. After removal of cumulus and corona cells,
these oocytes were examined under inverted microscope and
only oocytes at MII stage that did not show obvious signs of
degeneration were used for ICSI.
The injected oocytes were cultured at 37°C and were covered
by mineral oil in IVF medium and incubated in an atmosphere
of 5% O2, 5% CO2 and 90% N2. The fertilization was assessed
16-20 h after ICSI. The normally fertilized oocytes were
considered only for final embryo transfer. These were cultured
for an additional 24-30 h at 37°C in fresh CO2-equilibrated
IVF medium.
Embryo grading: After ICSI the fertilization and quality of
embryo were assessed by the embryologist via the embryo
grade. In brief, embryo grading on days 2 and 3 (48 and 72 h
after oocytes pickup) was depend on number, size, and
symmetry of blastomeres in addition to the percentage of
fragmentation.
Embryos were graded morphologically as follows:
Grade 1, symmetrical with equal- sized blastomeres and <10%
extracellular fragmentation.
Grade 2, with unequal blastomeres and <10% extracellular
fragmentation.
Grade 3, unequal blastomeres with 10%-50% extracellular
fragmentation.
Grade 4, >50% blastomeric fragmentation with uneven
blastomeres [12].
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Results
Table 1 illustrates the correlation of age with laboratory IVF
parameters. Significant negative correlation was observed
between the age and the number of MII oocytes that retrieved
(p value=0.037, r=-0.331) while no significant correlation was
detected between the age and all other laboratory IVF
parameters.
As demonstrated in Table 2, significant negative effects of the
BMI on the number of MII oocytes (p value=0.049, r=-0.313)
while significant positive correlation between the BMI and the
fertilization rate was noticed (p value=0.042, r=0.323),
However no significant effects of the BMI on the other
laboratory IVF parameters were observed.
Table 1. Correlation between the age with laboratory IVF parameters.
Age
Parameters
R

P value

Total oocyte NO.

-0.262

0.102

MII

-0.331

0.037*

MI

-0.088

0.588

GV

-0.035

0.829

Abnormal

0.014

0.93

Fertilization rate

-0.124

0.445

No. of G1 ET

-0.299

0.061

*Significant; MII: Metaphase II (mature oocytes); MI: Metaphase I (immature
oocytes); GV: Germinal vesicle (prophase I stage), G1 ET: Grade 1 Embryo
Transferred.

Table 2. Correlation of body mass index with IVF parameters.
BMI
Parameters
R

P

Total oocyte NO.

-0.283

0.077

MII

-0.313

0.049*

MI

-0.023

0.888

GV

0.026

0.872

Abnormal

-0.19

0.239

Fertilization rate

0.323

0.042*

No. of G1 ET

-0.136

0.402

*Significant; MII: Metaphase II (mature oocytes); MI: Metaphase I (immature
oocytes); GV: Germinal vesicle (prophase I stage); G1 ET: Grade 1 Embryo
Transferred.

Discussion
The reproductive organs of the human female exhibit a rate of
ageing that is much faster than that of the other body systems,
the same picture emerges from IVF studies where female age is
undoubtedly the most significant factor influencing clinical
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outcome [4]. Ovarian functional decline with ageing has been
so far extensively characterized in terms of gradual depletion
of ovarian follicles and reduced ability to produce oocytes
competent for fertilization and further development [5].
In this study, Table 1 demonstrates a significant adverse effects
of the age on the number of mature oocytes (MII), in addition
the number of good quality embryo decrease as the age
increase while no effect of age on the other IVF parameters.
Some studies shows that there is a significant effect of age on
the expression of genes involved in cell cycle regulation (e.g.
microtubule-based processes, chromatin assembly, M-phase of
the meiosis) in oocytes in metaphase II (MII) from women
undergoing IVF or ICSI treatment, these findings supported
that meiosis and cell cycle regulation mechanisms may be
affected by increasing age of the woman [13]. In addition, at
various developmental stages, follicles behave differently in
response to factors promoting follicular cell proliferation,
growth, differentiation and apoptosis and very few reach
ovulation [14].
Thus, based on the above observations the analysis of the
molecular and cellular aspects of follicle ageing would require
careful consideration of some main points. First, oocytes and
granulosa cells of primordial follicles might remain in a
‘resting’ phase for a long time, thus behaving as post-mitotic
cells which can be required to start growing after 10-50 y.
Second, both primordial and growing follicles become exposed
to environmental factors related to the ageing of the ovarian
somatic compartment. Third, the development of a competent
oocyte intimately depends on the cross-talk between all
compartments in the ovary.
The present data illustrate that the fertilization rate was not
influenced by the increasing age of the women in ICSI. In
addition our study shows a tendency towards decreased
number of G1 embryo with increasing maternal age further
supports that the 2nd meiotic division may be influenced by
age, since a recent publication comparing two age groups
reports increased time to 2nd polar body extrusion after ICSI in
aged women as compared to younger women [15]. In contrary
other studies has been found that embryo quality is not affected
by women’s age [16].
Obesity has become a major health problem across the world.
In women, it is known to cause anovulation, sub-fecundity,
increased risk of fetal anomalies and miscarriage rates [17].
However, in women going for assisted reproduction the effects
of obesity on egg quality, embryo quality, clinical pregnancy,
live birth rates are controversial. Reduced fecundity in obese
women is probably related to multiple factors including
aberrations in endocrine and metabolic functions that in turn
can affect follicular growth, implantation and development of a
clinical pregnancy [17].
The results presented in this study assumed an adverse effect of
BMI on the oocytes maturation and fertilization rate while no
effects on the number of retrieved oocytes, immature oocytes
and G1 transferred embryos, as shown in Table 2. The
retrieved mature oocytes and fertilization rate decrease with
1922
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increasing the BMI and confirm the findings of published
reports with some investigator [18,19]. This result was already
found in experiments conducted in mice fed with a high fat
obesogenic diet, reporting oocytes with delayed maturation and
decreased developmental competence in addition it has been
demonstrated that these problems with oocyte function are a
direct result of a mitochondrial dysfunction. In fact, a high fat
obesogenic diet leads to abnormalities of mitochondrial
morphology, mitochondrial distribution within the oocyte,
metabolism and spindle formation within the oocytes [19].
While the other investigator explains it as obese women
required increased doses of gonadotropin for inducing
ovulation or stimulating the ovaries to obtain mature oocytes
and impaired ovarian responsiveness to gonadotropin
stimulation were reported to be associated with obesity [20].
Several investigators have found a decrease in the number of
retrieved oocytes in overweight and obese compared with
normal weight women, most likely due to decreased response
to control ovarian hyperstimulation with increased BMI,
whereas others have found no difference [17,20-22]. Other
authors have noted an increased frequency of cycle
cancellation due to insufficient follicular development [22,23].
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