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Background: Women's fecundity is known to decrease with the increase in chronologic age. Several biomarkers of
the ovarian reserve, including follicle stimulating hormone (FSH), anti Millerian hormone (AMH), have been proposed
as possible predictors for the response to controlled ovarian stimulation (COS). Although there are assumptions
indicating that the relationship between age and ovarian reserve is highly variable and the potential different validity
of ovarian reserve markers in women in different age groups remains to be demonstrated. The purpose of our study
was evaluating FSH and AMH as potential predictors of response to controlled ovarian stimulation and prediction of
intracytoplasmic sperm injection (ICSI) outcome according to age. This prospective study has been carried out on 218
women having ICSI cycles. Cases were divided into two groups, group 1 (n 148), their age < 35 years, and group 2 (n
70), their age > 35 years. All women received antagonist protocol during their ICSI cycles. Basal FSH and AMH were
measured and correlated to the number of follicles on the day of trigger, the number of oocytes retrieved, chemical,

Results: The fertilization rate in group 1 was 68.15%, while in group 2 was 77.82% (p =0.003) while the implan-
tation rate (number of gestational sacs observed at 6 weeks of pregnancy divided by the number of transferred
embryos) was 18.95 and 11.98% in group 1 and group 2, respectively (p =0.041). The clinical pregnancy rate
among both groups was 38.51% in group 1, while 24.29% in group 2 (p =0.038). Women who got pregnant among
those aged < 35 years had significantly lower basal FSH (p <0.001), while women who got pregnant among those
aged > 35 years had significantly higher AMH levels (p value <0.001) and higher E2 levels on the day of trigger

Conclusion: We found that below the age of 35 years, the chances of pregnancy are more correlated to FSH levels,
while above the age of 35 years, AMH was a more relevant test.

Keywords: Follicle stimulating hormone (FSH), Anti-Mdllerian hormone (AMH), Intra-cytoplasmic sperm injection

Background

Women’s fecundity is known to decrease with the
increase in chronologic age. The age-related decline
in women’s fertility is most likely due to the decline
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in oocytes’ quantity and quality. As a result, research-
ers started to look for a predictive criterion for fertility
[1]. Maternal age provides the best indicator of ovarian
reserve. Ovarian reserve and oocyte competence decline
when age advances; however, their reliability is unsatis-
factory [2]. Personalization of treatment in ICSI should
be based on the prediction of ovarian response for every
individual. The starting point is to identify if a woman
is likely to have a normal, poor, or hyper response and
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choose the ideal treatment protocol tailored to this pre-
diction [3].

Ovarian reserve refers to the number of primordial fol-
licles in the ovaries that have the ability to develop into
mature oocytes [4]. Several biomarkers of the ovarian
reserve have been proposed as possible predictors for the
response to controlled ovarian stimulation (COS). These
markers include ultrasound markers as antral follicle
count and ovarian blood supply pulsatility, and resistance
index; endocrinal markers as follicle-stimulating hor-
mone (FSH), anti-Miillerian hormone (AMH), and inhi-
bin B; genetic markers as FSH receptor polymorphism,
and FMR1 mutation; dynamic tests as the clomiphene
citrate challenge test (CCCT), gonadotropin-releasing
hormone (GnRH) agonist stimulation test, and exog-
enous FSH ovarian reserve test [5]. Dynamic tests are
more invasive and less convenient for the patient with
potential side effects from the administered medications
and have now been largely superseded by the more accu-
rate tests, including endocrinal biomarker and AFC. The
rest of these biomarkers are now historical to some extent
[6, 7]. Baseline FSH level is still one of the commonly
used tests for daily practices. It is generally accepted that
the ovarian reserve is low when the FSH level exceeds
10-12 IU/L [8].

FSH is a pituitary hormone that acts on women’s ova-
ries by stimulating granulosa cell proliferation, oocyte
maturation, and estrogen synthesis. It is the most widely
performed test in women undergoing fertility treatment
[9]. AMH is a dimeric glycoprotein member of the TGF-
family. In women, AMH is derived primarily from pre-
antral and early antral follicles and has been shown in
recent years to accurately reflect the follicular pool [10].
Although the AMH level is used to assess the ovarian
reserve in many scenarios, it has served most commonly
to assess the likelihood of an adequate response dur-
ing ovarian stimulation for assisted reproduction. AMH
is predictive of the number of oocytes retrieved and
increasingly is being used to guide the selection of the
stimulation protocol [11].

Although the considerable focus has been on the per-
formance of biomarkers, in reality, the success of assisted
conception is modified by a variety of baseline charac-
teristics of each individual. These in themselves may be
indirectly associated with ovarian reserve; for example,
advancing maternal age, previous unsuccessful cycles,
increasing duration of infertility, and tubal or anovula-
tory cause of infertility all independently decreased the
odds of a successful live birth per cycle [12].

Although there are assumptions indicating that the
relationship between age and ovarian reserve is highly
variable and the different potential validity of ovar-
ian reserve markers in women in different age groups
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remains to be demonstrated. There are not enough stud-
ies assessing the predictive value of these markers in dif-
ferent age strata since some ovarian reserve markers may
have different accuracy in different ages [13].

Methods

This prospective study has been carried out on women
having ICSI cycles over a period of 24 months, from April
2019 till March 2021. The initially proposed time frame
for the study was to take only 12 months, but due to the
COVID-19 pandemic and the marked decrease in cases
having ICSI, we extended the study time to collect the
planned number of cases according to the study design.
Ethical approval has been taken before starting the study.
The Ethical Committee of the National Research Centre
approved the study.

Written consents had been taken from all women
who were willing to participate in the study. They were
recruited from the Medical Research Centre of Excel-
lence (National Research Centre), Kasr El Eini, and pri-
vate infertility outpatient clinics. All women included in
the study had a BMI 20-30 kg/m?, age 20—44 years, lry
or 2ry infertility, non-smokers for the past 6 months, no
hormonal treatment in the last 3 months preceding the
ICSI trial.

Women with any of the following criteria have been
excluded from the study; polycystic ovarian syndrome
(PCOS), endometriosis, known pelvic pathology as uter-
ine fibroids or ovarian masses, uterine anomalies as uter-
ine septum, smokers within the last 6 months, known
autoimmune disease, diabetics, previous ovarian sur-
gery that may have affected ovarian functions, history
of previous chemo or radiotherapy, history of COVID-
19 infection (unknown effect on ovarian functions), and
recurrent implantation failure (cases of previous 3 ICSI
failures despite transferring good quality embryos).

All women had a basal FSH/AMH/E2 measured
between days 2 and 4 of the menstrual cycle in the month
preceding their ICSI cycles. Serum FSH/AMH/E2 were
measured by enzyme-linked immunosorbent assay
(ELISA) kit (Immuno-tech-Beckman Coulter, Webster,
TX, USA) and expressed in ng/ml, IU/ml, and pg/ml,
respectively. Also, antral follicle count (AFC) has been
measured using transvaginal ultrasound.

Cases were divided into two groups, group A
(n=148) with age<35 years, and group B (n=70)
with age>35 years. According to our protocol, all
women received antagonist protocol during their ICSI
cycles to decrease the possibility of developing ovar-
ian hyperstimulation syndrome. Controlled ovarian
stimulation has been done using highly purified human
urofollitropin intramuscular or subcutaneous injections
with doses between 150 and 450 IU/day (Fostimon, IBSA,
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Switzerland) starting on day 2 the cycle and the dose
adjusted according to weight, age, and ovarian response.
In our practice, we adopt the antagonist fixed protocol,
so cetrorelix 0.25 mg/day subcutaneous (Cetrotide, Merck
Serono, Germany) was started on day 6 of ovarian stimu-
lation. Women were followed using transvaginal ultra-
sound and serial E2 measures. The number of mature
follicles > 15 mm and the level of E2 on the day of the trig-
ger were documented.

Human chorionic gonadotropin (HCG) 10,000 IU
trigger shot was given intramuscularly when at least
2 dominant follicles have reached 18-20 mm. Ovum
pickup under transvaginal ultrasound guidance was done
34-36 h following the trigger shot. Women with a high
level of E2 and a large number of follicles impending to
develop ovarian hyperstimulation syndrome (OHSS) was
given gonadotropin-releasing hormone agonist 0.2 mg
triptorelin acetate subcutaneous injection (Decapep-
tyl, Ferring, Switzerland) as a trigger shot and excluded
from the final analysis. The cycle was cancelled when
there were<3 follicles with diameter<14 mm after
8-9 days of gonadotropin therapy or after 4-5 additional
treatment days without attaining the criteria for HCG
administration.

After 12-24 h from oocytes retrieval, oocytes were
checked for fertilization. Embryos were transferred on
day 3. According to the number and quality of embryos
and under abdominal ultrasound guidance, all patients
had a maximum of four embryos transferred per cycle.
The maturational status of the oocytes and the embryo
grading was recorded according to published criteria
[14]; embryos of Veeck grades 1 or 2 were considered
high quality and thus suitable for transfer. Embryo trans-
fer was done without anesthesia or sedation using a soft
catheter. Luteal support was given using intramuscular
progesterone 100 mg once daily starting from the day of
ovum pickup.

Women were instructed to have a blood pregnancy test
14 days after embryo transfer, and if positive, they had an
ultrasound 2 weeks later to check viability and number of
fetuses.

Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware (SPSS, version 25, SPSS, Inc., IL, USA). The distri-
bution of the measured variables was determined using
the Shapiro test. Normally distributed variables were pre-
sented as means=+standard deviation (SD), while non-
normally distributed variables were presented as medians
and interquartile ranges (IQR). Statistical significance of
differences for normally distributed variables was tested
using the Student’s ¢ test, while the statistical significance
of differences for non-normally distributed variables was
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tested using the Mann—Whitney test. Categorical data
differences were compared by the chi-square test. Corre-
lation analysis between the numerical variables was done
using Pearson correlation. For all statistical tests, p values
were considered statistically significant if less than 0.05.

Outcome measures

Our primary outcomes were the number of follicles on
the day of trigger and the number of oocytes retrieved,
while the secondary outcomes were the chemical and
clinical pregnancies.

Results

Among 234 women who had ICSI cycles using antago-
nist protocol, 218 women went for embryo transfer and
completed the study. The embryo transfer step was can-
celled, and the decision to freeze all embryos was taken
in 10 cases due to either pending OHSS (7 patients), thin
endometrium <6 mm (3 patients), or cycle cancelled in 6
poor responders. The average age of the participants (218
women) was 31.24+6.1 years, BMI was 26.5+3.1 kg/
m?, and the duration of infertility was 5+3.7 years. The
average numbers of follicles detected by ultrasound on
the day of trigger, retrieved oocytes, and injected oocytes
were 8.9, 7.2, and 5.3, respectively. In group 1, the average
number of follicles on the day of trigger, retrieved oocyte,
and injected oocytes was 10, 8, and 5, while in group 2,
they were 5, 4, and 3, respectively. Embryo transfer was
done on day 3. The average number of frozen embryos
among women who had a chance to freeze embryos
(n=59) was 3.54.

The corrected fertilization rate, “the number of ferti-
lized oocytes divided by the total number of metaphase
II oocytes,” was 70.3% (group 1 68.15 vs group 2 77.82%
and p=0.003), while the implantation rate, “the num-
ber of gestational sacs observed at 6 weeks of pregnancy
divided by the number of transferred embryos” was 17%
(group 1 18.95 vs group 2 11.98% and p=0.041). Out of
the 218 participating women, 74 women got pregnant,
accounting for a clinical pregnancy rate of 34%. Look-
ing closely at the clinical pregnancy rate among both
groups, it was 38.51% in group 1 while 24.29% in group 2
(p=0.038) (Table 1).

Compared to women in “group 2’, women in “group
1’; had a significantly higher number of AFC, lower level
of basal FSH, higher level of AMH, and higher E, level
on the day of trigger. Although the number of ampoules
used in ovulation induction for women in group 2 was
more than in group 1, the number of obtained follicles in
group 2 was fewer than in group 1, with a consequently
fewer number of the oocytes retrieved and injected.

Correlation analysis between the basal hormone
levels (FSH and AMH) and the number of obtained
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Table 1 Comparison between the two age groups; group 1 included women < 35 years, and group 2 included women > 35 years

“Group 1” “Group 2" P value
(n=148) (n=70)

Age (years) 27.82+£398 3847+2.06 <0.001*
BMI (kg/m?) 26.57+£3.08 2648+3.17 0.846

Duration of infertility (years) 4(3,6) 43,7) 0.348

Antral follicular count 12 (8,18) 7(59.75) <0.001*
Basal FSH (IU/L) 58(4.8,7.6) 7.125(5.3,9.375) <0.001*
Basal E, (pg/ml) 42.5(31,57.5) 47.5(37,68.75) 0.062

AMH (ng/ml) 2.55(1.515,3.8025) 1.1(0.6,1.9) <0.001*
E, on day of trigger (pg/ml) 2509 (1603.75,3961.5) 1500 (964,2091.25) <0.001*
Days of induction 12(10.25,13) 11(10,12.75) 0.067

No. of induction ampoules 39(33,51) 50 (40,60) <0.001*
No. of obtained follicles 10 (6,14) 5(3,7.75) <0.001*
No. of oocytes retrieved 8(5,10) 4(2,6) <0.001*
No. of oocytes injected 5(4,8) 3(2,5) <0.001*
No. of transferred embryos 3(24) 2(23) <0.001*
No. of frozen embryos 0(0,2) 0(0,0) 0.013*
Fertilization rate 614/901 (68.15%) 200/257 (77.82%) 0.003*
Implantation rate 83/438 (18.95%) 20/167 (11.98%) 0.041*
Clinical pregnancy rate 57 (38.51%) 17 (24.29%) 0.038*

" p value is significant

follicles after induction was done in each group.
Women <35 years showed a significant —ve correla-
tion between the basal FSH level and the number of
follicles (r= —37, p<0.01) and a significant+ ve cor-
relation between the AMH level and the number of fol-
licles (r=37, p<0.01). Also, women > 35 years showed
the same significant —ve correlation between the
basal FSH level and the number of follicles (r= — 46,
p<0.01) and a significant+ve correlation between
the AMH level and the number of follicles (r=60,
p<0.01).

Thus, to reach out the hormone that most influences
the pregnancy rate in each age group, we subdivided
each group according to their outcome; if clinical preg-
nancy occurred or not (Tables 2 and 3). Interestingly,
women who got pregnant among those aged < 35 years
had significantly lower basal FSH levels (5.3 IU/ml
in pregnant women vs 6.3 in non-pregnant women
and p value<0.001), while women who got pregnant
among those aged > 35 years had significantly higher
AMH levels (2.1 ng/ml in pregnant women vs 0.8 in
non-pregnant women and p value <0.001) and higher
E, levels on the day of trigger (1987 pg/ml in preg-
nant women vs 1378 in non-pregnant women and p
value = 0.007). Therefore, ROC curves were performed
for FSH in group 1 and AMH in group 2 (Fig. 1).

Discussion

Nowadays, there is an increasing number of babies born
as a result of assisted reproductive techniques (ART).
When contemplating an ICSI cycle, women would like
to inquire about their chances of getting pregnant. Sev-
eral markers have been used to predict the outcome
before embarking on an ICSI cycle, with AMH and FSH
are the most popular. AFC is widely used as a predictor
for ovarian response [15], but there are inter-observer
variations based on observer experience. Applicability
of FSH and AMH were independently demonstrated in
different studies to evaluate IVF success, while others
studies evaluated the discordant and concordant com-
binations of AMH and FSH measurements to predict
ovarian responses in women undergoing ART [16]. In
our practice, we faced many women who had marked
discrepancy between FSH and AMH levels. In this
study, we tried to solve this dilemma by studying basal
FSH and AMH levels in women having ICSI cycles
according to their age to find which is more relevant
and predictive of ICSI results, FSH or AMH.

Our primary outcomes were the number of folli-
cles on the day of trigger and the number of oocytes
retrieved, while the secondary outcomes were the
chemical and clinical pregnancies.
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Table 2 Comparison between women who got pregnant and those who did not get (among women < 35 years, group 1)

Women who got pregnant among Women who did not get pregnant among P value

women < 35 years women < 35 years (n1=91)

(n=57)
Age (years) 27.84+422 2781+£384 0.966
BMI (kg/mz) 26.68+3.36 26.50+£2091 0.740
Duration of infertility (years) 3(25,6) 4(3,6.75) 0.128
Antral follicular count 13.5(10,18) 12(8,18) 0.188
Basal FSH (IU/L) 53(3.7,6.325) 6.3(58.3) <0.001*
Basal E, (pg/ml) 43.5(29.25,52.15) 42 (31,59) 0.950
AMH (ng/ml) 2.55(1.78,3.9675) 2.55(1.3,3.6) 0.488
E, on day of trigger (pg/ml) 2675.5(1751,4302.5) 2344 (1558,3586.75) 0.083
Days of induction 12(11,13) 12(10,13) 0.963
No. of induction ampoules 39(33,50.25) 38(33,51.75) 0.847
No. of obtained follicles 12 (8,14.75) 8 (6,13.75) 0.007*
No. of oocytes retrieved 10 (6,10.75) 7 (4.25,10) 0.020*
No. of oocytes injected 6(59) 5(3,6.75) <0.001*
No. of transferred embryos 3(24) 3(2,3) 0.057
No. of frozen embryos 0(0,2) 0(0,2) 0.180
Fertilization rate 263/395 (66.58%) 351/506 (69.37%) 0373
" p value is significant
Table 3 Comparison between women who got pregnant and those who did not get (among women > 35 years, group 2)

Women who got pregnant among Women who did not get pregnant among Pvalue

women > 35 years women > 35 years (n=53)

(n=17)
Age (years) 38.18+232 38.57+£1.98 0.501
BMI (kg/m?) 26.80+£287 26.3843.28 0.637
Duration of infertility (years) 4(256) 4(3,9) 0.568
Antral follicular count 8(6,11.5) 6(538) 0.037*
Basal FSH (IU/L) 6.1(5.1,7.55) 79(539.9) 0.074
Basal E, (pg/ml) 50 (38.5,76.5) 46 (32,68) 0.376
AMH (ng/ml) 2.1(1.65,2.95) 0.8 (0.5,1.53) <0.001*
E, on day of trigger (pg/ml) 1987 (1591,2522.5) 1378 (945,1965) 0.007*
Days of induction 11(10,12.5) 11(10,13) 0.939
No. of induction ampoules 45 (36,57.5) 52 (40,65) 0.391
No. of obtained follicles 8(5.5,9.5) 4(3,7) <0.001*
No. of oocytes retrieved 6(4.5,8) 3(2,5) <0.001*
No. of oocytes injected 63,7) 3(2,4) <0.001*
No. of transferred embryos 3(33) 2(13) 0.007*
No. of frozen embryos 0(0,2.5) 0(0,0) 0.003*
Fertilization rate 69/92 (75.00%) 131/165 (79.39%) 0416

" p value is significant

When comparing the two groups according to their
age, there was a significant difference between the
two groups in terms of pregnancy rate (chemical and
clinical), number of follicles, and number of oocytes

retrieved and injected. Nevertheless, the fertilization
rate was lower in the younger group.

Antagonist protocol can cause asynchronous growth
of follicles with an early leading dominant follicle and
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Fig. 1 A ROC curve of FSH for women < 35 years. B ROC curve of AMH for women > 35 years

heterogeneous size follicle cohort due to the lack of
endogenous down-regulation like in long agonist pro-
tocol [17]. Marked discrepancies in the size of follicles
could be related to differences in follicles sensitivity to
FSH and un-satisfactory maturation. This phenomenon
potentially causes a decrease in the number of viable
oocytes and embryos [18]. In young women, the number
of follicles in response to ovarian stimulation was larger;
however, a percentage of them was small follicles giving
immature oocytes. This affected the fertilization rate in
this group, despite having a higher pregnancy rate. Also,
Abdallah’s research team [19] found that the fertilization
rate was not affected by the level of basal FSH or the age
of the women.

In both groups, women who got pregnant and those
who did not get pregnant, there was a significant differ-
ence between the number of follicles seen on the day of
trigger, the number of oocytes retrieved, and the number
of oocytes injected, while the fertilization rate did not
significantly differ.

After analyzing our data, we found out that in women
below 35 years, basal FSH level was more correlated to
the number of follicles and number of oocytes retrieved,
which in turn reflected on pregnancy rate. On the other
hand, AMH, rather than FSH, was more correlated to the
same outcomes in women aged > 35 years.

FSH reflects the number of follicles, while age is a qual-
itative measure of ovarian reserve [20]. According to our

results, we expect that women under 35 would have good
quality oocytes in most cases, and FSH predicts the num-
ber of follicles, which can be translated to pregnancy rate.

Moez Kudos et al. [21], in their study on 676 women
undergoing ICSI, found that high basal FSH levels in
patients < 38 years could predict a more poor response, an
increased number of cancelled cycles and a lower num-
ber of oocytes retrieved, which in turn resulted in lower
embryos obtained but this finding did not cause to reflect
a lower pregnancy, childbirth, or implantation rate. In
their study on 361 women with AMH level <0.5 ng/ml,
Revelli and his colleagues found young patients with very
low AMH levels still have reasonable chances of success-
ful pregnancy with IVF [22]. This matches with our find-
ings that AMH is not a sensitive predictor in younger
women.

Our results agreed with Gomez et al. (2016), who
stated that in women above 36 years, AMH could predict
pregnancies; however, it is not an important predictor in
younger women [22]. The positive correlation between
IVF/ICSI success and ovarian reserve measured by serum
AMH could have variable importance according to the
patient’s age [23]. Also, Hanan El Anazi and her cowork-
ers studied 258 women who had a poor ovarian response
and found that AMH predicted a lower number of preg-
nancies in the cohort of women studied. In women above
35 years, we expect a considerable percentage of those
women to be poor responders [24].
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AMH level was previously suggested as a predictor
of menopause, and very low, even undetectable, levels
could be seen up to the 5 years preceding the menopause.
As AMH levels decline earlier than FSH, the predictive
value of FSH levels as a determinant of aging predictor
is lower than that of AMH [25, 26]. Ligon et al. (2019)
evaluated discordant and concordant values of AMH and
ESH on live birth rate and IVF cycle cancellation rate.
The live birth rate of patients with normal AMH and
elevated FSH was higher than those of patients with low
AMH and normal FSH (39 vs. 26%). The live birth rate
in patients with normal AMH and normal FSH (concord-
ant) was higher than in any other group (44%). Besides,
the IVF cycle cancellation rate in patients with normal
AMH and FSH was lower than that of other groups (4%),
and this rate was higher in patients with elevated FSH
and low AMH compared to other groups (30%) [27].

Also, the relationship between basal FSH and AMH
with IVE/ICSI success changes with maternal age; basal
ESH better reflects clinical outcomes probably deter-
mined by oocyte quality in women<35 years, while
AMH better suits patients > 35 years[28].

On the contrary, both Kedem and his team [29], as well
as Lukaszuk’s study group [30], had found that even with
extremely low AMH, pregnancy is possible, and AMH
should not be used as a predictor for the decision of ICSI.
However, in those studies, they compared women with
low and extremely low AMH, which could explain the
difference between their results and ours.

The ultimate goal of ART is to get a live birth, not just
getting pregnant, so one of the limitations of this study is
that we were not able to follow-up women till they give
birth to observe any antenatal complications. The reason
was that many of our cases came from remote areas to
have ICSI cycles then left back to continue their antenatal
care in places close to their residencies.

The vast majority of research done on this topic studied
FSH/AMH in poor responders or linked those markers to
the outcome without correlating those markers to age as
we did in our study.

Conclusions

FSH and AMH are widely used as predictive markers to
forecast the chances of pregnancy before ICSI cycles.
We found that below the age of 35 years, the chances of
pregnancy are more correlated to FSH levels, while above
the age of 35 years, AMH was more reliable. Neverthe-
less, the decision to discourage women from having ICSI
cycles depending solely on FSH and AMH cannot be jus-
tified. Further, large prospective studies are needed to
expound and confirm these findings and prior to its rou-
tine implementation.
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