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ABSTRACT
Background: Intracytoplasmic sperm injection needs sufficient oocytes of high quality in order to increase the rate of
fertilization and pregnancy. This study was designed to investigate the influence of maternal age on the ICSI outcomes
in women undergoing to first ICSI cycle and to evaluate the influence of maternal age on global DNA methylation.
Methods: A total of 242 females were included in this study with a mean age of 30.5±7.3 years. The participants were
divided into three groups depending on women's age≤25, N=70; 26-35, N=102 and>35, N=70). The genomic DNA was
isolated from the blood samples, then the global DNA methylation was evaluated using ELISA.
Results: A significant reduction has been found in the level of anti-Müllerian hormone (AMH), total number of the
collected oocyte, mature oocytes, fertilized oocytes and number of embryos transferred in the older females compared
to the younger group (p<0.001). While a significant increase has been found in global DNA methylation level in the
older females compared to the younger group (p<0.001). A positive significant correlation has been found between
global DNA methylation level and maternal age (p<0.001). In contrast, a negative significant correlation has been
shown between AMH level, mature oocytes and maternal age (p<0.001).
Conclusions: Maternal age has a significant influence on the number of mature oocytes, number of embryos transferred
and global DNA methylation. The pregnancy chance is more in the age group less than 35 years.
Keywords: Age, Female infertility, Global DNA methylation, ICSI outcomes

INTRODUCTION
Female infertility is defined as the inability to have a
pregnancy after one year of unprotected intercourse if the
female is under 35 years old.1 Approximately 10-15% of
couples suffering from infertility and around 50% of cases
are linked to male factor infertility.2 In general, female
infertility is associated with ovulatory disorders,
anatomical problems in the reproductive system,
endometriosis, behavioral and environmental factors,
genetic
factors,
and
epigenetic
regulation.1,3

Intracytoplasmic sperm injection (ICSI) is considered the
best technique for the treatment of the following cases;
infertility related to male factor, tubal factor infertility,
unexplained infertility and females suffering from
polycystic ovary syndrome (PCOS).4,5 Nevertheless, the
success rate of human reproduction is dependent on the age
at which females attempt to conceive6 where the female's
fertility starts to decline after the age of 24 years and there
is an acceleration of the decline after the age of 35 years
until the menopause.7 Several previous studies showed a
negative association between fecundity status, a success
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rate of the ICSI process and maternal age.8,9 The females
advancing age is considered as one of the critical causes
that leads to a reduction in ovarian reserve and ovarian
response, a decrease in quantity and quality of oocyte, a
reduction in the level of implantation hormones and in the
fertilization rate.5 In contrast, other studies observed an
increase in the maternal age (≥35 years) does not influence
the fertilization rate but has a high influence on the rate of
aneuploidy in the blastocyst.3,10 The ICSI is still
considered the safest assistance reproductive technique
(ART), however, a previous study found a negative
potential effect of ICSI on the epigenetic composition of
the embryo and embryo development.11 The epigenetic
includes histone modification, non-coding RNA action
and DNA methylation and all of these processes are
participate in the controlling of gene expression, chromatin
structure and genome stability.12 DNA methylation is
defined as the addition of a methyl group (CH3) at position
5 of the cytosine ring, 13 and this process occurs on
cytosine (C) which following by guanine (G) directly in
the DNA sequence.14,15 DNA methylation process occurs
by the DNA methyltransferases (DNMTs) enzyme which
used to transfer a methyl group from the S-adenosylmethionine (SAM) to 5-cytosine of CpG dinucleotides to
form 5-methylcytosine.16-18 A previous study found an
association between the increase in DNA methylation
level and advancing age.19 Due to the lack of available
information and variances in the results of studies that
evaluate the relationship between the global DNA
methylation, ICSI outcomes and maternal age. This study
was designed in order to investigate the influence of
maternal age on the ICSI outcomes which included the
number of collected oocytes, mature oocytes, fertilization
rate, number of embryos transferred in women undergoing
to first ICSI cycle, evaluate the impact of maternal age on
the global DNA methylation and study the association
between maternal age and other investigated clinical
parameters.

conservative and OR >2. The participants were selected
according to the following inclusion criteria: women with
normal body mass index (18.5-24.9), women exposed to
the same ovarian stimulation protocol, women who have a
regular menstrual cycle, couples suffering from infertility
problem for at least five years, females suffering from
infertility problem, no previous ICSI attempts and males
partners age between 20-50 years and they have normal
semen parameters. In contrast, the exclusion criteria were
as follows: women age more than 50 years, alcohol intake,
cigarette smokers, diabetes mellitus, women suffering
from endometriosis, abnormal ovarian reserve parameters,
and females suffering from endocrine disorders.

METHODS

Nucleic acid isolation from blood samples

Study population and sample criteria

The DNA was isolated from the female blood samples by
using isolate II genomic DNA kit and all steps were
performed according to the guidelines of the manufacturer
company (Bioline, London, UK). The nanodrop
spectrophotometer-2000 c (Thermo Scientific, USA) was
used to evaluate the purity and the quantity of isolated
DNA in order to ensure that the isolated DNA is sufficient
and suitable for global sperm DNA methylation.

A total of two hundred and forty two women who
underwent ICSI cycle in Al Basma fertility center were
included in this study with an average age of 30.5±7.3
years. The medical records were used by the researcher to
gather the general and medical information which included
females age, body mass index, menstrual history,
hormones profile, number of collected oocytes, mature
oocytes, immature oocytes, fertilized oocytes, number of
embryos transferred and the pregnancy results. All of these
parameters were retrospectively evaluated according to
females age: age ≤25 years (N=70), age 26-35 years (N=
102) and age >35 years (N=70). The sample size
calculations were based on the formula for cross-section
studies. EPI-INFO statistical package version 3.5.1 was
used with 95% CI, 80% power and 50% proportion as

Ovarian stimulation protocol
All women included in this study have been undergoing
ovarian stimulation by using GnRH antagonist protocols
with a recombinant FSH. The ultrasonographic and the
blood samples were collected from all women on the third
day of the menstrual cycle. Briefly, the serum was
separated by centrifugation at 3500 rpm for 15 minutes and
then all of the following hormones (basal level of E2, FSH,
LH, PRL, TSH and AMH) were measured using the Tosoh
instrument (AIA-360, Tokyo, Japan). The oocyte pickup
was scheduled 33-36 hours after the administration of
5000 IU to 10,000 IU of hCG (pregnyl) depending upon
the age of females and the degree of ovarian response.
Embryo cleavage was evaluated after 16-18 hours from
ICSI then the high-quality embryos (grade I) were
transferred into the uterine cavity after 3 days from ICSI
and that depending on the protocol used in the fertility
center. All patients received luteal support with vaginal
progesterone until a pregnancy test was performed after
two weeks from embryo transferred. The cases were
classified as pregnant women when the level of the β-hCG
hormone arrived at more than 5 mIU/ml. For this study,
multiple pregnancies were regarded as one pregnancy.

Evaluation of global DNA methylation
The MethylFlash™ methylated DNA quantification
ELISA kit was used to evaluate the level of global DNA
methylation (5-methylcytosine) in female blood samples,
all the steps were performed according to the
manufacturer’s guidelines (Epigentek Group Inc, USA).
Briefly, 100 ng of extracted DNA was incubated with the
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DNA binding buffer solution at 37°C for 90 min (the blank,
a positive and negative control have been used in triplicate
during this assay). After washed the microwell three times,
the methylated DNA capture solution was added to each
well and incubated for one hour at room temperature. After
that, the detection antibodies were added to each well and
incubated at room temperature for 30 min. After three-time
washing, the developing solution was added to each well
and incubated at room temperature in the dark place for 10
min, at the end of the 10 min the stop solution was added.
The microplate ELISA reader was used to assess the
absorbance at 450 nm. The global DNA methylation status
(ng) was calculated using the equation,
(𝑠𝑎𝑚𝑝𝑙𝑒 𝑂𝐷−𝑏𝑙𝑎𝑛𝑘 𝑂𝐷)

5-mC (ng)=

100

.

Statistics analysis
The data of this study were analyzed using SPSS for
windows software package version 24.0 (SPSS, Inc.,
Chicago, IL, USA). Data included in this study were nonnormally distributed (non-parametric) according to the
value of the skewness test, kurtosis test, Z value and
Shapiro test. The Kruskal-Wallis (H test) was applied to
compare the means of quantitative variables among the
study groups. The Spearman's rank test was used to
evaluate the association between maternal age and the
other investigated parameters. The results in the abovementioned procedures were accepted as statistically
significant when p<0.05.

RESULTS
Table 1 illustrates the general and clinical characteristics
of the study population, where the mean age of females
who participated in this study was 30.5±7.3 years. As
indicated in Table 2, a significant increase has been found
in the level of follicle-stimulating hormone (p=0.008) and
the female age (p<0.001) among the different age groups.
In contrast, a significant reduction has been found in the
levels of luteinizing hormone, anti-Müllerian hormone and
the estradiol hormone after stimulation (p=0.002, p<0.001,
and p<0.001, respectively) in the older females compared
to the younger females group. No significant variation has
been found among the females age groups in the Basal
level of estradiol hormone (p=0.215), prolactin hormone
level (p=0.881) and thyroid stimulating hormone level
(p=0.060). As shown in Figure 1, a significant elevation
has been found in the global DNA methylation level in the
older females compared to the younger females group
(p<0.001). Regarding the ICSI parameters, the results
showed a significant reduction in the total number of the
collected oocyte, mature oocytes, fertilized oocytes,
embryos transferred and the level of ß-hCG hormone in
older women compared to other women (p<0.001).
Additionally, a significant variation has been found in the
number of immature oocytes among the different age
groups (p=0.009) (Table 3).

Table 1: General and clinical characteristics of the study population (N=242).
General and clinical characteristics

Mean

SD

Median

Range

Females age (in years)
Basal level of estradiol hormone (pg/ml)

30.52
35.49

7.27
20.19

29.00
31.50

30.00
114.99

Follicle-stimulating hormone level (mIU/ml)

7.66

2.95

7.10

23.41

Luteinizing hormone level (ng/ml)

5.68

3.68

4.80

30.90

Prolactin hormone level (ng/ml)
Thyroid stimulating hormone level (uIU/ml)

16.76
2.00

19.04
1.25

14.10
1.70

199.30
9.28

Anti-Müllerian hormone level (ng/ml)

2.75

2.79

1.80

16.99

Estradiol hormone level after stimulation (pg/ml)

1,796.08

887.47

1,690.50

6,622.00

Global DNA methylation level (ng/μl)

5.26

1.93

5.45

6.70

Total number of collected oocyte

7.57

3.41

8.00

16.00

Number of mature oocytes

6.00

2.81

6.00

15.00

Number of immature oocytes

1.58

1.82

1.00

12.00

Number of fertilized oocytes
Oocytes fertilization rate

4.69
66.40

1.95
21.08

5.00
66.67

10.00
100.00

Number of embryos transferred

3.37

1.59

4.00

8.00

3.40

3.56

12.49

ß-hCG hormone level (mIU/ml)
5.09
SD=standard deviation; ß-hCG=beta human chorionic gonadotropin hormone.
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Table 2: Comparison of clinical parameters among the different age groups (N=242).
General and clinical
parameters

Age ≤25 years (N=70)

Age 26-35 years (N=102)

Age >35 years (N=70)

Mean

Mean

Mean

SD

Median

SD

Median

SD

Median

Females age (in
22.46
2.08
23.00
29.53
2.68
29.00
40.04
3.22
years)
Basal level of
estradiol hormone
31.91
18.49
29.00
38.40
22.36
35.50
34.81
18.00
(pg/ml)
Follicle-stimulating
hormone level
7.04
3.27
6.65
7.62
2.46
7.00
8.33
3.15
(mIU/ml)
Luteinizing hormone
6.11
4.37
5.25
6.06
3.62
5.15
4.69
2.75
level (ng/ml)
Prolactin hormone
15.60
8.34
14.30
15.51
10.26
13.50
19.75
32.09
level (ng/ml)
Thyroid stimulating
hormone level
1.71
0.92
1.60
2.20
1.59
1.70
2.00
0.89
(uIU/ml)
Anti-Müllerian
hormone level
3.81
2.93
3.00
2.94
3.15
1.80
1.41
1.01
(ng/ml)
Estradiol hormone
level after
2,022.50 858.32 2,046.50 1,913.72 948.13 1,787.00 1,398.24 682.14
stimulation (pg/ml)
All values are expressed as mean±SD; SD=standard deviation; p<0.05=significant; p≥0.05=not significant.

P value

39.00

<0.001

32.50

0.215

7.80

0.008

3.80

0.002

15.70

0.881

1.90

0.060

1.20

<0.001

1,457.50

<0.001

Table 3: Comparison of ICSI outcome among the different age groups (N=242).

ICSI outcome

Age ≤25 years
(N=70)
Mean
SD

Median

Age 26-35 years
(N=102)
Mean
SD

Median

Age >35
(N=70)
Mean

P value
SD

Median

Total number of
8.60
3.23
9.00
8.10
3.41
8.00
5.79
2.89
6.00
collected oocyte
Number of mature
7.09
2.80
7.00
6.19
2.69
6.00
4.63
2.46
5.00
oocytes
Number of
1.51
1.44
1.00
1.91
2.13
1.00
1.16
1.58
1.00
immature oocytes
Number of fertilized
5.30
1.77
5.00
4.89
1.92
5.00
3.80
1.88
4.00
oocytes
Oocytes fertilization
64.60
16.78
62.50
64.82
19.89
66.67
70.49
25.83
70.00
rate
Number of embryos
3.77
1.51
4.00
3.51
1.63
4.00
2.76
1.43
3.00
transferred
ß-hCG hormone
6.01
3.45
6.45
5.50
3.38
4.20
3.57
2.88
2.51
level (mIU/ml)
All values are expressed as mean±SD, SD=standard deviation; ß-hCG=beta human chorionic gonadotropin hormone,
p<0.05=significant, p≥0.05=not significant.

<0.001
<0.001
0.009
<0.001
0.110
<0.001
<0.001

Table 4: Relationship between the maternal age and other clinical parameters (N=242).
Clinical parameters
Basal level of estradiol hormone
(pg/ml)
Follicle-stimulating hormone level
(mIU/ml)
Luteinizing hormone level (ng/ml)

r

P value

Clinical parameters

r

P value

0.060

0.332

Total number of collected oocyte

-0.323

<0.001

0.206

< 0.001

Number of mature oocytes

-0.321

<0.001

-0.173

0.007

Number of immature oocytes

-0.137

0.033

Prolactin hormone level (ng/ml)
Thyroid stimulating hormone level
(uIU/ml)

-0.020

0.808

Number of fertilized oocytes

-0.296

<0.001

0.151

0.019

Oocytes fertilization rate

0.145

0.024
Continued.
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Clinical parameters
Anti-Müllerian hormone level
(ng/ml)
Global DNA methylation (ng/μl)
Estradiol hormone level after
stimulation (pg/ml)

r

P value

Clinical parameters

r

P value

-0.411

<0.001

Number of embryos transferred

-0.255

<0.001

0.883

<0.001

ß-hCG hormone level (mIU/ml)

-0.261

<0.001

-0.273

<0.001

Spearman’s rank test, r, correlation coefficient, ß-hCG=beta human chorionic gonadotropin hormone; p<0.05=significant, p≥0.05=not
significant.

P<0 .05=significant; p≥0.05=not significant.

Figure 1: Global DNA methylation status among the different age groups.
Correlation between the maternal age and other clinical
parameters

oocytes, the transferred embryos, the level of ß-hCG and
the maternal age (p<0.001) (Table 4).

A positive significant correlation has been found between
the status of global DNA methylation, the oocyte
fertilization rate and the maternal age (p<0.001 and
p=0.024, respectively). In addition, a positive significant
association has been observed between the levels of
follicle-stimulating hormone, the thyroid-stimulating
hormone and the maternal age (p<0.001, p=0.019,
respectively). In contrast, a negative significant
association has been found between the levels of antiMüllerian hormone, luteinizing hormone, the number of
immature oocytes and the maternal age (p<0.001, p=0.007,
and p=0.033, respectively). These results have shown a
negative significant association between the level of
estradiol hormone after stimulation, the total number of the
collected oocyte, the mature oocytes, the fertilized

DISCUSSION
Women's fertility starts to decline many years before
arriving at the beginning of menopause.20 A previous study
found a negative association between the ovarian reserve,
ovarian response to stimulation and maternal age. 21 A
previous study has been shown a rapid reduction in the
fecundity of females after the age of 35 years, where the
advancing female's age influence negatively on the ovarian
reserve, the number, the fertilization rate, the quality of
oocyte and success after ICSI.22,23 Several couples believe
that ICSI techniques are not influenced by the age of
females.24 Whereas, the data of fertility centers in the U.S.
showed that a decline in the rates of live birth per cycle of
ICSI as 33.1%, 8.3%, 3.2% and 0.8% at the following ages
35 years, 41-42 years, 43-44 years and >44 years,
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respectively.25 The results of this study showed a
significant reduction in the level of estradiol hormone after
stimulation, the total number of the collected oocyte,
mature oocytes, fertilized oocytes. In contrast, a significant
variation has been found in the number of immature
oocytes among the different age groups. These findings
agree with the results of a previous study that showed that
women age up to 25 years had a higher number of collected
oocytes compared to other age groups.5 Furthermore, these
findings are consistent with a previous study that showed
that the highest number of collected oocytes was found in
females aged less than 30 years.26 Another study showed
that the chance of pregnancy affected by the female's age
27 where the highest number of pregnancies have been
found in women age between 19 years to 26 years
compared to women located in the age group 27-29
years.28 Nevertheless, these findings not in line with a
study prepared by Silber and his colleagues who showed
that the female age had no significant influence on the
number of successful pregnancies.29 The present results
found a significant variation in the number of embryos
transferred among the different age groups where the
lowest number of embryos transferred was found in the age
group >35 and this result is consistent with a previous
study.30
The present results showed a significant reduction in the
level of ß-hCG hormone among the different age groups,
where the lowest level of ß-hCG hormone was found in the
age group >35 (3.57 mIU/ml). All of these results are in
line with a study that found that the success rate of ICSI
significantly declines in women with an age of 40 years. 31
Consequently, the chance of getting a positive pregnancy
will be reduced in females aged more than 40 years.32 No
significant variation in the fertilization rate of oocytes
among the different age groups and this finding agrees
with a previous study.33 A negative correlation has been
observed between the levels of anti-Müllerian hormone,
the luteinizing hormone, the estradiol after stimulation, the
level of ß-hCG, the total number of the collected oocyte,
the mature oocytes, the fertilized oocytes, the immature
oocytes and the transferred embryo and the maternal age.
All of these findings are in agreement with previous
studies that reported that the increase in female age plays
a critical role in the reduction of ovarian response degree,
consequently, a decrease in the number of the collected
oocyte and an increase in the rate of ICSI failure.29,33 Also,
these findings are matching with a previous study that
showed that older women have a high chance of ICSI
outcomes failure compared to younger women.34 The
maternal age is associated negatively with the ICSI
outcomes and these results are matching with another
study.35 In contrast, a positive correlation has been found
between the fertilization rate, follicle-stimulating hormone
level, the thyroid-stimulating hormone level and the
maternal age. However, these findings did not match with
previous studies that did not found a significant association
between maternal age and the oocyte fertilization rate.36
On the other hand, the present study observed a significant
increase in the status of global DNA methylation among

the different age groups where the highest level of global
DNA methylation (7.43 ng/μl) has been found in the age
group >35 years. A positive association has been found
between the status of global DNA methylation and
maternal age. These findings are matching with the study
designed by Marshall and his colleagues where they found
an increase in the level of global DNA methylation in aged
women compared to young women.19 It is worth
mentioning that DNA methylation plays a critical role in
transcriptional suppression and chromatin compaction.
Therefore, the increase in the level of global DNA
methylation with increased female age is a contributor to
the alteration of oocyte transcription which influences the
development of the embryo.18
CONCLUSION
Maternal age has a significant influence on the number of
mature oocytes, fertilized oocytes, number of embryos
transferred, the success of the ICSI, and global DNA
methylation. The pregnancy chance is more in the age
group less than 35 years.
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