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Objectives: To assess and correlate the oocyte morphological characteristics and embryo development in women with
normal serum anti-Mullerian hormone (AMH) levels for different age groups women undergoing in vitro fertilisation
(IVF).

Materials and Methods: It is a retrospective study. A total of 92 women undergoing IVF treatment with normal AMH
levels within two different age groups were included in the study based on retrospectively collected data frommedical
records. Based on age, women were subdivided into two groups: Group A with age >23 to <30 years (n= 40) and
Group B with age >30 to <38 years (n= 52). The oocyte morphological characteristics were assessed and scored
based on previously published method with minor modifications. Oocytes and embryo development were correlated
in both groups with different age women (>23 to <30) Group A and (>30 to <38) Group B.

Results: Patients’ demographic characteristics did not show significant difference in Groups A and B, except age (P <
0.05). Number of oocyte retrieved, number of mature MII oocytes and fertilization rate have not changed in both the
groups. Good quality embryo development significantly improved in Group A than that in B (P < 0.05). Even mature
oocyte number in both the groups was not statistically significant. However, oocyte morphological characteristics
such as (1) oocyte overall morphology, (2) zona pellucida color and thickness, (3) size of perivitelline space (PVS), (4)
presence of granules and (5) morphology of polar body and pattern of cytoplasm were significantly affected in Group B
older age group women when compared with younger group women (Group A).

Conclusion: AMH seems to be a better predictor of quality of oocytes and subsequently embryo development in older
age group women when compared to the younger group women. Normal AMH level is a better predictor for ovarian
reserve and along with this, it may help to predict oocyte quality and embryo development in older women
undergoing IVF.

Statistical Analysis: A student t test was applied to compare themeans of two groups by online GraphPad software (www.
graphpad.com/quickcalcs/, GraphPad Software, La Jolla, CA, USA). A P < 0.05 was considered statistically significant.

Ethics: This is a retrospective study, and informed, signed consent was obtained from every couple prior to IVF
treatment. Further, permission to use their data for analysis with guarantees of confidentiality was obtained. This
study was exempted of institutional review board approval, since it involved only the analysis of medical records from
established clinical practices.
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INTRODUCTION

Anti-Mullerian hormone (AMH), a dimeric glycoprotein,
is a member of the transforming growth factor-β
superfamily, which acts on follicular maturation and
growth.[1,2] AMH is produced by granulosa cells from
preantral and small antral follicles.[3,4] AMH level in blood
was found to be minimal or absent at the birth of female
and detectable after puberty.[5] The level of AMH
expression in female is age dependent and decreases
as the age advances and becomes undetectable toward
menopause.[6,7] It has been found that AMH levels
remained constant in normal menstrual cycles, and the
inter and intracycle variation is very low. AMH level
also seems to be minimally affected by conditions such
as pregnancy, GnRH agonist treatment and short-term
contraceptive pills.[8]

It has been reported that serum AMH strongly correlates
with the number of developing follicles as it is produced
by small growing follicles.[9,10] Serum AMH is an indirect
marker of ovarian reserve and has a good correlation
with antral follicular count (AFC).[11,12] The AFC is less
sensitive than the measurement of serum AMH levels as
AMH reflects preantral and smaller follicles which is
smaller than 2mm size and can be hardly seen on the
ultrasound scanning.[13]

In addition, studies have shown that serum AMH
concentration directly correlates with the response in
controlled ovarian stimulation. Reduced baseline serum
AMH concentration may be indicative of poor response
in in vitro fertilisation (IVF) in women with a diminished
ovarian reserve.[9,14-17] It has been reported that, along with
ovarian response to controlled ovarian stimulation, the
serum AMH concentration can be applied as a predictor
for severity of endometriosis[18] and it is also a good
diagnostic marker for polycystic ovary syndrome.[19]

However, serum AMH has shown very poor correlation
with pregnancy outcome in stimulated IVF cycles.[19-22]

Recent reports suggested that, serumAMH level could not
predict thequalityof theoocyte[23] andpreviouslypublished
reports mainly focused on correlation with embryo quality
rather than oocyte quality.[16,24,25]

Oocyte development during folliculogenesis is affected by
AMH levels. AMH level in the follicular fluid may affect
the embryo development and the functional capacity of
oocyte. The present retrospective study aimed to correlate
basal normal AMH level with oocyte morphology and
embryo development potential. Further, it will also help in
understanding the direct role of serum AMH concentration
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on oocyte quality in women undergoing controlled ovarian
stimulation.

MATERIALS AND METHODS

This retrospective study was performed from cases attended
between 20th December 2017 and 25th March 2018
at Medicover Fertility, New Delhi, India. A total of 92
women undergoing controlled ovarian stimulation with
GnRH antagonist protocol with IVF-ICSI with husband
or donor spermswere included for the data analysis.Women
were further stratified into two groupsGroupA (40patients)
and Group B (52 patients) based on age, Group A
(23–30 years) and Group B (31–38 years).

Inclusion criteria: women with age of >23 and <38 years,
normal AMH levels, normal stimulation responders,
without any ovarian pathophysiology, number of oocytes
retrievedbetween5 and15.Exclusioncriteria:Age<23, age
>38 years, women with ovarian pathophysiology, serum
E2>85 on day-2, serum estradiol level on the day of trigger
>3500. Serum AMH was performed, in the cycle prior to
starting controlled ovarian stimulation (COS) on day-2 to
day-4. AMH measurement was taken by using
chemiluminescence method, and this method was
outsourced from Quest Diagnostics, Gurgaon.

Recombinant gonadotropins were started on day 2/3 of
cycle after checking the serum LH and E2 value. Dose was
individualized according to AMH level, AFC on day 2 and
body mass index (BMI). Pituitary downregulation was
achieved by adding GnRH antagonist (Cetrotide® Sorono
0.25mg) on day-6 of stimulation (fixed protocol). Serum
estradiol was repeated on day-6 and on the day of trigger.
Trigger (Ovitrelle® 0.25mg Merck) was given when at
least three follicles reached>17mm diameter and E2 was
adequate. Ovum pick up was accomplished transvaginally
under ultrasound guidance 35 h after trigger.

Inour study, the correlationofAMHwas studiedwithoocyte
quality and embryo development potential. Women were
further stratified into two age groups and the effect of AMH
on oocyte quality in both the age groups were compared.
Morphological assessment[26] of oocytes retrieved was
performed on the bases of (1) oocyte overall morphology,
(2) zona pellucida color and thickness, (3) size of perivitelline
space (PVS), (4) presence of granules and (5)morphology of
polar body (PB) and pattern of cytoplasm. Each parameter
was further assigned a score of 0, 1, 2 for poor, average and
normal oocyte, respectively. Taking all parameters, a total
score of 10 indicated normal oocyte grade, and a score of
5 was for average oocyte grade.
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All oocytes were subjected to intra cytoplasmic sperm
injection (ICSI) with male partner sperm or with donor
sperm as per consent. Oocyte fertilization was assessed
18 h post ICSI based on pronucleus (PN), second PB
appearance, as well as PN size and shape with the
alignment of PN precursor bodies. All oocytes were
cultured in individual droplet culture method. On day-2
and day-3, embryo quality was evaluated and graded based
on Istanbul consensus[27] embryo assessment method.
Embryo grading was performed based on Istanbul
consensus,[27] Grade A is <10% fragmentation, stage
specific cell size, no multinucleation, Grade B is
<10–25% fragmentation, stage specific cell size
for majority of blastomeres, no evidence of
multinucleation. Grade C is >25% fragmentation, cell-
size not stage-specific and evidence of multinucleation.

RESULTS

In this study, women were divided into two groups as
Group A (23–30 years) and Group B (31–38 years). The
patients’ characteristics in both the groups were as
follows: age, BMI, AMH, LH, E2 on day-2, E2 on day
of human chorionic gonadotropin (hCG) trigger, number
of days stimulation and total dose used for stimulation.
These characteristics were not significantly different in
both the groups [Table 1]. Total dose used in the Group B
older age women was higher; however, they were not
statistically significant.
Table 1: Demographic characteristics of Groups A and B
comparison

Parameters Group A
(23–30 years)

Group B
(31–38 years)

P value

Age (years) 27.91 ± 1.87 34.57 ± 2.44 0.0001
BMI (kg/m2) 26.08 ± 3.26 26.93 ± 1.20 0.4504 (NS)
AMH (ng/mL) 3.24 ± 123 3.91 ± 1.37 0.2373 (NS)
FSH (mIU/mL) 6.75 ± 2.67 7.73 ± 1.34 0.3669 (NS)
LH (mIU/mL) 5.85 ± 2.54 4.84 ± 1.71 0.3030 (NS)
E2 on day 2
(pg/mL)

50.55 ± 14.99 45.09 ± 13.86 0.3861 (NS)

E2 on hCG trigger 2257.90 ± 951.06 2752.82 ± 613.97 0.1688 (NS)
No. days of
stimulation

10.09 ± 0.30 10.27 ± 0.65 0.4080 (NS)

Total dose used
for stimulation

2875.00 ± 553.17 2910.00 ± 481.92 0.8793 (NS)

BMI, body mass index; hCG, human chorionic gonadotropin.

Table 3: Oocyte characteristics and overall quality of oocytes score

Oocyte
characteristics*

Oocyte overall
morphology

Zona pellucid color
and thickness

Size of PV
presence of

Group A 1.73 ± 0.45 1.87 ± 0.34 1.67 ± 0
Group B 1.54 ± 0.60 1.68 ± 0.47 0.97 ± 0
P value 0.0148 0.0012 0.000
*Graded levels of oocyte quality “+2” being best normal, “1” next best averag
et al.[26]
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Table 2 describes oocyte parameters such as total number
of oocytes collected, total number of mature oocytes
(MII) retrieved in controlled ovarian stimulation,
fertilization rate, Grade A and B embryo formation
rate in both the groups. There is no statistically
significant difference in the total number of oocytes
collected, mature oocytes collected and fertilization
rate. However, there is significant difference in the
Grades A and B embryo development in the two
groups. It has been shown that significantly higher
number of good quality embryos were formed in the
Group A compared to Group B. Interestingly, Grade B
embryos formation rate was higher in Group B women
with older age group.

The oocyte characteristics such as oocyte overall
morphology, zona pellucida, color and thickness, size
of PVS and presence of granules, morphology of PB,
and patterns of cytoplasm were analyzed in both the
groups. It is shown in Table 3 the above five oocyte
parameters that significantly predicts the oocyte quality in
women undergoing IVF. Furthermore, overall oocyte
quality score for the five parameters for the five
parameters was analyzed in both the groups. The
oocyte quality score was higher in group A when
compared to Group B.

DISCUSSION

AMH is considered as a reliable hormonal marker for
ovarian reserve. It gives a more objective evaluation of
ovarian reserve independent of the cycle day. AMH has
been used as a tool for predicting response to controlled
ovarian stimulation in IVF cycle. In the current study,
AMH level at the start of stimulation did not correlate
with the number of mature oocytes and fertilization rate in
Table 2: Oocyte quality and embryo development parameters
comparison in Groups A and B

Parameters Group A Group B P value
Total no. of oocytes 10.91 ± 2.66 13.00 ± 6.39 0.3231
Total no. of MII oocytes 8.64 ± 3.91 8.77 ± 3.54 0.9311
Fertilization rate 7.18 ± 3.79 7.17 ± 2.95 0.9915
Grade A embryo formation 6.73 ± 3.80 4.00 ± 1.76 0.0358
Grade B embryo formation 2.27 ± 2.05 4.69 ± 2.14 0.0101

correlation in Groups A and B

S and
granules

Morphology of
polar body (PB)

Patterns of
cytoplasm

Overall quality of
oocyte score

.49 1.47 ± 0.58 1.51 ± 0.62 8.05 ± 1.37

.63 0.75 ± 0.62 0.85 ± 0.61 5.98 ± 1.39
1 0.0001 0.0001 0.0001

e and “0”worst poor quality oocytes modified scoring of Lazzaroni-Tealdi
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younger women. The current results showed a negative
correlation between higher AMH levels with older women
and poor embryo development. Moreover, oocyte
characteristics have also shown same pattern such as
poor quality oocytes development in older age group
women with normal AMH levels (Group B). In 2011,
a study published by Irez et al.[28] concluded that
AMH levels may help in predicting the oocyte quality.
Another study by Wang et al.[29] concluded that AMH
concentrations were associated with higher clinical
pregnancy rate in women between 34 and 41 years of
age. On the contrary, Smeenk et al.[25] have demonstrated
that basal AMH level is not related to embryo quality.

It was observed that, oocyte quality and grades of embryos
formedwerebetter inwomenwithage<30years (GroupA)
compared toGroupB (31–38years).However, InGroupA,
the quality of oocytes, fertilization rate, as well as grades of
embryos were not correlating with the AMH value. In
women with older age group (Group B) the quality of
oocytes and grades of embryos formed were inferior when
compared with younger age group women (group A).
However, oocytes quality and embryo grading in women
with age>30 years correlatedwith the serumAMHlevel. In
older age group, it was seen that as the AMH value
decreased, the quality of oocytes was also compromised
and there were more number of Grade B embryos formed
in this group. Similar to the present findings, Re-Enner
et al.[30] concluded that significantlyhigher numbers of good
quality oocyteswere retrieved inwomenwith normalAMH
value compared to women with low or high AMH value;
however, therewas no significant correlationof fertilization
rate with AMH value. Further, they also observed that
AMH value of <1.6 ng/mL was associated with
morphological abnormality in oocytes. Another study by
Guerif et al. failed to show any effect of AMH on oocyte
nuclear maturity and development.[31]

However, in this study, we observed the effect of AMH in
different age groups and concluded that AMH had no
effect either on oocyte quality or grades of embryos
formed in younger women with <30 years of age. It
was observed that in women with age more than 30 years,
AMH was significantly correlating with the quality of
oocytes and grades of embryos formed. Interestingly,
more number of Grade B embryos were formed in this
group. It has been reported that there is a positive
correlation between serum AMH levels and follicular
fluid AMH levels, thus, concluding that serum AMH
may predict the quality of oocyte retrieved. Similar to
this, our study also concluded that AMH can be a reliable
marker to predict oocyte quality in older women.[32]
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CONCLUSION

In our study, we found no correlation between normal
(age specific) AMH level and the number and quality of
oocytes retrieved and fertilization in young women, age
<30 years. However, oocyte quality and embryo
development potential were affected by AMH value in
older age group. There was no effect on fertilization rate,
but embryo development was compromised, and a less
number of good grade embryos were formed in women in
Group B. This study concluded that AMH can be used to
predict the quality of oocytes and formation of good
grade embryos in older women with age >30 years.

Our study concluded that AMH can be a reliable marker
for predicting oocyte quality and grades of embryos
formed in older women; however, it is of limited
significance in predicting the oocyte quality in younger
women. Major limitation of this retrospective study
was AMH and embryo development correlation with
pregnancy outcome, further larger prospective studies
may help to validate this study findings.
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