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Abstract
A decrease in serum anti-müllerian hormone (AMH) concentration suggests the reduction of antral follicle 

number. AMH serum level was correlated with ovarian stimulation outcomes, oocyte quantity and quality, 
embryo quality and in vitro fertilization (IVF) outcomes. However, the use of AMH to predict pregnancy rates 
in IVF is still debatable. This study aimed to determine the role of AMH in predicting ovarian response and 
pregnancy rates in IVF programs. This was a retrospective cohort study involving patients who underwent a 
short protocol of ovarian stimulation for IVF at the Yasmin clinic, dr Cipto Mangunkusumo General Hospital. 
from March 2013 to March 2021. A total of 1,527 out of 3,880 IVF cycles were included. Poor ovarian response 
was determined as a collection of fewer than four oocytes following ovarian stimulation. The data was then 
analyzed using the Mann Whitney test if the data distribution was not normal or the unpaired t-test if the 
data distribution was normal. Median AMH levels were higher in the normal (2.5(0.01-32)) compared to poor 
responder (0.68(0.01-6.86)) group (p<0.05; Mann Whitney). Serum AMH level and age had predictive value 
for pregnancy rate (p<0.05; Mann Whitney).
Keywords: AMH, ovarian response, pregnancy rate, IVF.

Kadar Hormon Anti-Müllerian sebagai Prediktor Luaran 
Fertilisasi in Vitro

Abstrak
Penurunan konsentrasi serum hormon anti-müllerian (HAM) menunjukkan penurunan jumlah folikel 

antral. HAM serum berkorelasi dengan luaran stimulasi ovarium kuantitas dan kualitas oosit serta kualitas 
embrio dan luaran fertilisasi in vitro (FIV). Namun, penggunaan HAM untuk memprediksi angka kehamilan 
dengan stimulasi ovarium pada FIV masih diperdebatkan. Tujuan penelitian ini untuk mengetahui peran 
serum HAM dalam memprediksi respons ovarium dan laju kehamilan pada program FIV. Penelitian ini adalah 
studi kohort retrospektif yang melibatkan pasien yang menjalani protokol singkat stimulasi ovarium pada 
program FIV di klinik Yasmin rumah sakit dr Cipto Mangunkusumo.dari bulan Maret 2013 sampai Maret 2021. 
Sebanyak 1.527 dari 3880 siklus IVF dimasukkan ke dalam penelitian. Dikatakan perespon buruk apabila 
diperoleh kurang dari empat oosit setelah stimulasi ovarium. Data kemudian dianalisis dengan menggunakan 
uji Mann Whitney bila sebaran data tidak normal atau uji t tidak berpasangan bila sebaran data normal.  
Median kadar HAM  lebih tinggi pada kelompok perespons baik (2.5 (0.01-32)) dibandingkan perespons buruk 
(0.68 (0.01-6.86)) (p<0,05; Mann Whitney). Kadar HAM serum dan usia memiliki nilai prediktif terhadap angka 
kehamilan (p<0,05; Mann Whitney).
Kata kunci: hormon anti-Müllerian, respons ovarium, angka kehamilan, FIV.
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Introduction
Infertility has become a fairly frequent issue in 

the world.1 Along with the development of medical 
science, infertility therapy has become a means for 
couples who yearn for a child. One of the therapies 
is IVF, where several markers are used to determine 
the ovarian response to therapy, including follicle 
stimulating hormone (FSH), luteinizing hormone 
(LH), and estradiol (E2) levels accompanied by 
the ultrasound examination for antral follicle count. 
One of the latest, more accurate markers is Anti-
Müllerian Hormone (AMH).2

AMH is a glycoprotein of the transforming 
growth factor-β (TGF-β) superfamily. It is generally 
accepted that AMH is expressed in a window of 
follicle growth and development from the secondary 
stage follicle. Its expression diminished once the 
follicles reach the size of more than 8-10 mm in 
diameter.3 Some studies using animal models 
have revealed that AMH inhibits primordial follicle 
initiation; thus it can protect the ovaries against 
ovarian aging by preventing the loss of primordial 
follicles.4,5 This can be adopted in a clinical setting 
to identify the quantity of primordial follicles as a 
high AMH level may reflect the degree of primordial 
follicle activation and the number of the follicles in 
the ovarian cortex.6 

The AMH expression decreases gradually 
as follicles grow further and eventually becomes 
unnoticeable at a stage where gonadotropin 
dependent stage follicles initiate to grow.7 The 
AMH serum levels have been demonstrated to be 
highly correlated/related to the number of antral 
follicles and have seemed to be menstrual cycle 
independent with just minimal fluctuations during 
the cycles.8 This may reflect the constant growth 
and development of non-cyclic preantral and small 
antral follicles. Therefore/thus, its high inter-cycle 
reproducibility compared to other markers signifies 
that AMH constitutes a more consistent and strong 
marker for ovarian reserve.9 Since the quality and 
quantity of primordial follicles represent ovarian 
reserve, serum AMH level is used as a quantitative 
marker to predict the ovarian reserve and response. 
The ovarian reserve designates both the quantity 
and quality of oocytes and gradually declines with 
increasing age.2 It has been reported that AMH is 
a superior marker of the ovarian reserve than age 
alone and is better than other markers such as 
FSH, E2, and inhibin B.7,10 

Several studies have shown that AMH can 
accurately describe ovarian functions but cannot 
predict pregnancy. Pregnancy success can be due 

to other factors such as the quality of the sperm 
and oocytes and endometrial receptivity.11-13 Age 
is known to influence embryonic ploidy and live 
births in IVF. The older the age, the prognosis 
will be lower. 14 However, other studies found 
an association between AMH and pregnancy 
success in IVF, although its predictive value is 
still uncertain.13,15 AMH has emerged as a better 
predictor for controlled ovarian stimulation. In 
addition, AMH serum level has been revealed to 
be a suitable predictive marker for the poor ovarian 
response, cycle withdrawal and hyper-response to 
controlled ovarian stimulation.10 Nevertheless, its 
ability to foresee the other outcomes of IVF cycles, 
including the chances of becoming pregnant, 
remains controversial.10,16 This study aimed to 
determine whether basal AMH level is a good 
ovarian marker a good marker of ovarian response 
and clinical pregnancy rate in women undergoing 
ovarian stimulation for IVF.

Methods
Study Subjects and Design

A retrospective cohort study was designed 
to compare AMH values, BMI and age in patients 
who had completed at least one cycle of IVF from 
March 2013 to March 2021 in the IVF Yasmin clinic, 
dr. Cipto Mangunkusumo General Hospital. For 
those who had multiple IVF cycles, data from the 
first cycle completed were obtained. We included 
the data from patients who had undergone ovarian 
stimulation and had complete data of AMH and 
IVF outcomes in term of patient characteristics, 
the type and duration of stimulation, the oocytes 
number, fertilization rate and pregnancy rate. 
Cycles were omitted if they did not incorporate a 
treatment outcome, did not go for embryo transfer, 
were scheduling preimplantation genetic testing 
for aneuploidy, and exhibited multiple cycles start 
within our dataset. The data were retrospectively 
analysed. Secondary outcomes of interest 
contained background characteristics of the study 
subjects, such as age, body mass index (BMI), 
infertility diagnosis, and cycle outcome data. We 
evaluated all initiated cycles during the study 
period. The same clinical and embryology team 
were involved in all treatments. As the consensus 
on the definition of poor ovarian response is not yet 
available. The most commonly used classification 
is based on the number of oocytes retrieved. 
Likewise, we used the same criteria. We outlined 
poor ovarian response as a collection of fewer than 
four oocytes at oocytes retrieval. 
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Ovarian stimulation Protocol
All patients underwent antagonist, or short protocol 

for ovarian stimulation involving gonadotrophin 
stimulation started from day 2 or 3 of the cycle. 
GnRH antagonist (Cetrotide; Serono International, 
Switzerland) 0.25 mg/day was given when the leading 
follicle achieved a diameter of 14 mm. Ovarian 
response was evaluated at 2- to 3-day intervals using 
vaginal sonography. Recombinant human chorionic 
gonadotropin (hCG) was administered when at 
least three lead follicles reached 17 mm. Vaginal 
progesterone was administered in combination with 
oral dydrogesterone as luteal phase support.

The patients were analysed in groups based 
on their leading cause of infertility: tubal factor, 
male factor, unexplained infertility, anovulatory 
dysfunction, endometriosis and diminished ovarian 
response. The endpoints were the pregnancy rate, 
fertilization and cleavage rate, days of stimulation, 
and total gonadotropin dose. Clinical pregnancy was 
defined as an intrauterine gestational sac noticed by 
first trimester transvaginal ultrasound examination.

Statistical Analysis
Statistical analysis was performed with the 

SPSS 20 package. We used student’s t-test to 
analyses the normally distributed continuous 
variables. While the Mann Whitney test was used to 
assess the data that was not normally distributed. 
Chi-square or Fisher’s exact tests were used for 
categorical data, p-values <0.05 were considered 
to be statistically significant. Normally distributed 

data are presented as mean ± SD, while median 
and range are used to present the not normally 
distributed data. 

Results
Demographic Characteristics of the Subjects

A total of 1,527 IVF/ICSI cycles were included 
in this study. The most common cause of infertility 
in normal responders was a male factor (29.3%), 
while in poor responders was tubal factor 
(95.8%). The age of the study subjects in normal 
responders was tended to be younger than those 
in poor responder group (p<0.001). In addition, the 
duration of infertility was significantly longer in poor 
responder group compared to normal responders 
(p=0.001). BMI and AMH serum levels in normal 
responders did not differ from that in the poor 
responder group (p>0.05) (Table 1).

IVF Outcomes Based on Ovarian Response
The normal responders had a higher number 

of oocytes retrieved and inseminated (p<0.05), with 
a lower fertilization rate than in poor responders 
(p<0.001). The cleavage rate was higher in normal 
responders, who also had higher biochemical and 
clinical pregnancy rates than poor responders 
(81% vs 19%; 87.6% vs 12.4%, respectively). 
These variables were significantly associated with 
ovarian response (p<0.05), while initial and total 
recombinant FSH dose, together with the duration 
of stimulation, were not statistically significant 
(p>0.05) (Table 2).

Table 1. Ovarian Responders Based on Demographic Characteristics of the Subjects

Characteristics Normal Responders Poor Responders p value
Age; median, range 35 (22-48) 38 (25-50) <0.001
Duration of infertility; years 6 (4-23) 7 (1-25) 0.001
BMI; mean ± SE 24.2 ± 0.13 23.9 ± 0.2 0.573
AMH level; median, range 2.5 (0.01-32) 0.68 (0.01-6.86) <0.001

Number of patients with primary infertility; n,% 991 (71.9) 387(28.1)
0.120

Number of patients with secondary infertility; n,% 95(66.9) 47(33.1)

Cause of infertility; n, % <0.001
Endometriosis 134 (12.3) 82 (38)

Anovulatory dysfunction 154 (14.2) 3 (0.7)
Male factor 318 (29.3) 57 (13.1)
Tubal factor 111 (10.2) 25 (95.8)
Unexplained infertility 212 (19.5) 32 (7.4)
Diminished ovarian reserve 157 (14.5) 235 (59.9)
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Outcomes Normal Responders Poor Responders p value
Initial recombinant FSH dose (median; range) 300 (75-465) 300 (50-465) 0.364
Total recombinant FSH dose (median; range) 3075 (300-10.650) 3300 (375-8400) 0.152
Duration of stimulation 11 (4-27) 11 (5-26) 0.355
Number of oocytes retrieved (median; range) 9 (3-47) 2 (0- 4) <0.001
Number of inseminated oocytes (median; range) 7 (0-41) 2 (0-4) <0.001
Fertilization rate 70 (0-100) 100 (0-100) <0.001
Cleavage rate (mean ± SE) 97.3 ± 0.42 68.6 ± 2.23 <0.001
Biochemical pregnancy rate (%) 81 19 <0.001
Clinical pregnancy rate (%) 87.6 12.4 <0.001

Table 2. IVF Outcomes Based on Ovarian Response

Correlation between AMH Serum Level, Age, 
BMI and IVF outcomes

The AMH serum level was significantly 
correlated with cleavage rate (r=0.251, p<0.05) and 
the number of oocytes retrieved (r=0.705, p<0.05). 
Meanwhile, serum AMH level was negatively 

correlated with age, duration of stimulation, initial 
and total recombinant FSH dose (p<0.05). The 
duration of stimulation had the strongest negative 
correlation (r=-0.79). No correlation was identified 
between serum AMH level and BMI, inseminated 
oocytes, and fertilization rate (p>0.05) (Table 3).

AMH as A Predictor of Pregnancy Rate 
The median serum AMH levels were 

significantly lower in negative biochemical and 
clinical pregnancy groups compared to the groups 
with positive for both biochemical and clinical 
pregnancies (p>0.05). The study subjects in the 

Characteristics r p value
BMI 0.002 0.937
Age -0.318 <0.001
Oocyte number 0.705 <0.001
Inseminated oocytes 0.686 0.086
Fertilisation rate -0.12 0.649
Cleavage rate 0.251 <0.001
Duration of stimulation -0.79 0.002
Initial recombinant FSH dose -0.346 <0.001
Total recombinant FSH dose -0.219 <0.001

Table 3. Correlation between Subject Characteristics and IVF Outcomes

group with positive for biochemical and clinical 
pregnancy rates were younger compared to those 
in the opposite groups. Serum AMH level and 
patient age had a predictive value for pregnancy 
rate (p <0.05) (Table 4).

Table 4. Pregnancy Rate Based on AMH Level and Age

Pregnancy rate       AMH serum level       Age
Biochemical pregnancy (+) 1.89 (0.01-21.84) 35 (23-47)
Biochemical pregnancy (-) 1.44 (0.01-32.0) 37 (22-50)
p value 0.003 0.05
Clinical pregnancy (+) 2.3 (0.09-16.4) 1.48 (0.01-32)
Clinical pregnancy (-) 34 (24-46) 37 (22-50)
p value 0.009 <0.001
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Discussions
Infertility is an issue that is often experienced by 

couples of childbearing ages, where various treatments 
have emerged, one of which is IVF. This study aimed 
to determine whether the basal AMH level is a good 
marker in determining ovarian response and clinical 
pregnancy rate in women who experience ovarian 
stimulation in IVF. We demonstrated a significant 
positive relationship occurs between IVF clinical 
pregnancy rate and the quantitative ovarian reserve 
as measured by the serum AMH. Nevertheless, 
the power of this association is also influenced by 
the patient's age. The results found in this study are 
consistent with the research by Gomez et al17, who 
found a negative correlation between AMH levels 
with age and recombinant FSH dose and a positive 
correlation with oocyte count.17 AMH levels are 
positively associated with fertility rates in women aged 
30-42 years.18 AMH can be found in follicles that have 
experience recruitment and have not been selected 
for dominance. In this context, AMH is thought to have 
an important role in follicular growth and selection 
for ovulation.19 Serum AMH levels are also directly 
proportional to the number of follicles that develop. 
Along with the increase in the number of oocytes, the 
serum AMH level will be higher.2,3 More oocytes means 
the possibility of getting quality embryos is greater so 
that the IVF success rate will increase.20

It has been shown recently that a number of 
factors, either alone or in combination, have been 
utilized as predictive value for IVF outcomes, but 
the success rate is limited. An attempt to postpone 
conceiving, either with natural conception or 
IVF, does not only decrease a woman’s tailored 
chances of success but this may be attributed to 
the decreased in overall and age-based success 
rates.21 The AMH level was positively related to the 
number of oocytes collected either in young or older 
patients, which is accordance with the outcomes of 
a previous study.22 Hence, it is possible that AMH 
may also be related to the quality of oocyte yield.12, 

23 Similarly, Brodin et al24 found that AMH levels 
reflect the quality of the ovarian reserve regardless 
of quantity. Higher AMH levels can have more 
euploid oocytes than lower AMH levels.24 AMH was 
independently associated with pregnancy and live 
birth rates.24 In line with the findings in the present 
study, several large-scale retrospective analyses 
have indicated an association concerning AMH 
and pregnancy rates following ovarian stimulation 
for IVF.23,25  This may be due to the tailored ovarian 
stimulation protocol based on the AMH levels.23

Age is also known to have a predictive value of 

pregnancy. Females in their thirties will experience 
a decline in fertility. The decline in fertility is directly 
proportional to age. Spontaneous pregnancy begins 
to decline at the age of 31-35 years. This is thought 
to be related to genetic factors on the autosome and 
X chromosome and other factors such as decreased 
oocyte quality, diminished ovarian reserve, lower 
incidence of embryo implantation, and hormonal 
changes. Ovarian reserve is reduced to only 25,000 
oocytes remaining at 37 years of age.26 Decreased 
oocyte quality is associated with the formation of 
reactive oxygen species (ROS) and mitochondrial 
DNA disorders with age.20 AMH levels are also 
related to age, which will be positively related until 
the age of 16 years, then will decrease starting at the 
age of 25 years until menopause.2

Variations in AMH levels can be different both 
inter-individual and intra-individual. Differences in AMH 
levels between individuals due to differences in follicular 
activity and the number of follicles of each individual. 
AMH levels were also found to be lower in African, 
Hispanic, Chinese, and Southeast Asian races, so that 
ethnicity could be one of the causes of variations in 
AMH levels. While differences in intra-individual AMH 
levels can be caused by age, where ages less than 38 
years can have variations in AMH levels up to >0.5 ng/
ml. AMH levels also follow a circadian rhythm, with the 
lowest levels at 4 to 6 in the morning.27

The AMH serum level was significantly lower 
in the poor responder group. Likewise, most of the 
causes of infertility in the poor responder group were 
diminished ovarian reserve. It has been reported that 
patients with tremendously low ovarian reserve still 
display reasonable live birth rates, and low AMH levels 
alone do not signify a suitable indicator for withholding 
treatment for infertility.28 It is interesting to note that the 
initial and total dose of recombinant FSH was tended to 
be similar across the groups meaning that in our case, 
AMH is not a good predictor to determine the initial and 
total dose of recombinant FSH. In contrast, A number 
of studies have confirmed the effectiveness of AMH in 
determining the initial dose of gonadotropins in order 
to amplify response while lowering the risk of ovarian 
hyperstimulation syndrome.29

We included a large number of patients who were 
enrolled on the IVF program. It is worth considering 
the broader significance of the findings in the present 
study because this can be used as a base to provide 
counselling for patients with inadequate responses to 
ovarian stimulation. Patients who are predicted to have 
insufficient response to ovarian stimulation due to low 
AMH serum levels may be advised with regard to the 
low probability of attaining successful pregnancy. This 
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is exclusively beneficial in countries where IVF is not 
covered by national health insurance. Moreover, it is 
very important for patients to recognize their chances 
of a successful pregnancy before ensuing the IVF. 
For younger patients with low AMH levels, even if only 
a few oocytes were retrieved during the collection, 
the possibility of getting pregnant is judicious. In 
this context, it is likely that the young patients were 
eager to proceed with IVF after obtaining counseling 
that though the outcomes of the IVF program are not 
optimal, the chance would be equitable. Additionally, It 
is apparent that the routine practice of AMH screening 
in the poor responder subgroup of patients may 
enhance the results of IVF and prevent a number of 
patients who preferred not to try IVF.30 Furthermore, in 
clinical settings, AMH can guide practitioners to select 
the finest treatment strategy and assign women with 
more realistic expectations before ovarian stimulation 
begins.31 

Conclusion
The serum level of AMH is a good predictor for 

determining ovarian reserve and response in IVF. 
Age and serum AMH levels can be predictors of 
pregnancy rates. The chances of getting pregnant 
are greater in patients with younger age and higher 
AMH levels. However, it should be noted that there 
are pronounced variations in AMH levels between 
individuals, so consideration is needed in measuring 
AMH levels and the use of additional markers to 
determine the success of pregnancy.

Serum AMH level helps clinicians to choose 
the optimal treatment strategy and to provide 
women with realistic expectations before treatment; 
however, AMH level are is a worse predictor of the 
chance of live birth. Different AMH assays have 
been developed, however, no international assay 
standard for measuring AMH exists, which is highly 
needed. AMH as a single measurement should not 
be used as a screening tool for natural fecundability 
in the general population, but longitudinal studies with 
repeated AMH values for the same women over time 
may be used to determine the rate of decline in AMH 
level and hence the primordial follicular depletion.
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