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Anti-Mullerian hormone and 
associated pregnancy outcomes 
in females with polycystic ovary 
syndrome undergoing in vitro 
fertilization-embryo transfer

Jiacheng Du1, Yuping Cao1*

ABSTRACT

Background and Objective: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder among reproductive-aged women 
worldwide. Pregnancy in these women is highly affected by serum levels of Anti-Mullerian hormone (AMH). This study aimed to determine 
the association of serum AMH levels with pregnancy outcomes in females with PCOS undergoing in vitro fertilization-embryo transfer 
(IVF-ET)

Methods: A total of 200 PCOS patients undergoing IVF-ET in the Reproductive Medicine Center, Second People’s Hospital of Jingmen, 
China were included. The patients were divided into two groups, A and B, based on their AMH levels. Serum sex hormones levels and 
pregnancy outcomes in terms of fertilization, cleavage, implantation, high quality embryo, and biochemical and clinical pregnancy rates 
were compared.

Results: Mean age of the patients was 28.74 ± 2.07 years in group A and 29.74 ± 2.23 years in group B. Participants in group A had 
lower serum levels of follicle stimulating hormone, luteinizing hormone, and testosterone compared to group B. Also, better pregnancy 
outcomes and lower frequency of pregnancy complications were seen in the participants of group A (p < 0.05). AMH serum levels showed 
high specificity and sensitivity in predicting IVF-ET clinical pregnancy in PCOS patients. 

Conclusion: Serum AMH levels in females with PCOS predict improved sex hormones profile and clinical pregnancy outcomes after IVF-ET 

Keywords: Anti-Mullerian hormone, polycystic ovary syndrome, in vitro fertilization-embryo transfer, sex hormone levels, pregnancy 
outcome.
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Introduction
Polycystic ovary syndrome (PCOS) is a relatively common 
endocrine and metabolic disorder in females of gestational 
age, characterized by symptoms, such as menstrual 
abnormalities, hirsutism, infertility, and acne.1 The clinical 
incidence of PCOS is relatively high affecting 5% to 10% 
women of gestational age.2 At present, the pathogenesis of 
PCOS is not completely understood in clinical practice, and 
there is no radical cure plan. The clinical treatment is mainly 
symptomatic, such as improving symptoms, completing 
fertility, promoting health, and improving quality of life.3 

The infertility symptoms of PCOS patients are mainly due 
to their hyperandrogenemia, hyperinsulinemia and other 
diseases. The treatment is mainly oral anti-androgen 
active contraceptives or insulin sensitizers.4 However, some 

patients have drug ineffectiveness and long-term infertility, 
and therefore in vitro fertilization-embryo transfer (IVF-ET) 
is needed for fertility treatment.5 IVF-ET mainly achieves 
conception through controlled superovulation, in vitro 
fertilization and transplantation after egg retrieval, but 
some patients have poor pregnancy outcomes.6 At present, 
there is still a lack of clinically effective items to evaluate the 
pregnancy status and pregnancy outcome of patients with 
PCOS after IVF-ET. 

Anti-Mullerian hormone (AMH) is member of the 
Transforming growth factor beta (TGF-β) superfamily, and 
its expression level reflects ovarian reserve and female 
reproductive ability to a certain extent, which is, the higher 
the expression of AMH, the more egg stock.7,8 The Expression 
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of AMH in PCOS is about five times more than that of healthy 
ovulating women.9 AMH can also be used to evaluate the 
patient’s response to controlled ovarian stimulation during 
assisted reproduction therapy and predicts the number 
of oocytes.10 This study was conducted to determine the 
serum levels of AMH in PCOS patients undergoing IVF-ET in 
association with  their pregnancy outcome.

Methods
This study was conducted in the Reproductive Medicine Center, 
Second People’s Hospital of Jingmen, China from January 2016 
to January 2020 after taking approval from the Institutional 
Medical Ethics Committee. A total of 200 PCOS patients 
aged 25 to 36 years old undergoing IVF-ET were recruited. 
Patients fulfilling the criteria as (1) clinically diagnosed with 
PCOS; (2) undergoing IVF-ET; (3) complete clinical data and 
cooperation during treatment and follow-up, were included. 
While the patients with congenital immunodeficiency, severe 
infections, mental diseases, malignant tumors or severe 
cardiovascular and cerebrovascular diseases were excluded. 
A written informed consent was taken from all the study 
participants. The patients were divided into two groups: A 
(90) and B (110) based on their AMH levels. The serum levels 
of AMH in group A patients was less than 6.99 ng/ml, and it 
was greater or equal to 6.99 ng/ml in patients of group B. 
Participants were also distributed in group C and D according 
to the clinical outcomes of pregnancy. 

AMH serum level detection

About 3 ml of fasting venous blood from the patients of 
both groups was drawn during their menstrual cycle. Blood 
samples were centrifuged at about 1,000-2,000 g for 10 
minutes at 4°C. Enzyme-linked immunoassay (ELISA) was 
used to detect AMH levels. Standard was diluted with 0.05 
M PH9 carbonate coating buffer to a protein content of 5 µg/
ml. Applied 100 µl to the reaction well of each polystyrene 
plate, incubated for 24 hours at 4°C. On day 2, discarded the 
reagent from the well and washing was done by washing 
buffer three times. (Referred to as washing, the same below). 
Then, applied 100 µl of diluted sample and incubated at 37°C 
for 60 minutes followed by washing. (At the same time, set 
blank wells and control wells). In each reaction well, added 
0.1 ml of freshly diluted enzyme-labeled antibody, incubated 
at 37°C for 1 hour, washed, then added 0.1 ml of temporarily 
prepared Tetramethylbenzidine (TMB) substrate solution, 
37°C for 30 minutes, and then added 0.05 ml of 2 M sulfuric 
acid. On the ELISA tester, zero adjusted the blank control 
well at 450 nm and then measured the optical density (O.D)  
value of each well to calculate the concentration. All ELISA 

test reagents were purchased from Shanghai Enzyme-Linked 
Biotechnology Co., Ltd. 

Sex hormones detection

About 5 ml of fasting venous blood was drawn from all 
patients during their menstrual cycle, and follicle stimulating 
hormone (FSH), luteinizing hormone (LH), and estradiol (E2), 
progesterone (P), testosterone (T), and prolactin (PRL) levels 
were determined by using ORG 300 automatic immunoassay 
analyzer (Germany ORGENTEC company). The operation 
was performed in strict accordance with the instrument’s 
protocols. 

IVF-ET treatment method

Three weeks after patients taking oral contraceptives, 
triptorelin (Ferring GmbH, X20010072) pituitary 
downregulation, gonadotropin was used to stimulate 
ovulation, when there were three dominant follicles >18 mm, 
followed by Human chorionic gonadotropin (HCG) injection 
on the same day (Ma’anshan Fengyuan Pharmaceutical, 
H34023361) 6 k ~ 1 w U, 36 hours later, puncture egg was 
retrieved, and 72 hours after egg retrieval, embryo was 
transferred.

Serum levels of FSH, LH, E2, P, T, and PRL hormones, 
pregnancy outcomes including fertilization, cleavage, 
implantation, high-quality embryo, biochemical (HCG > 
25 U/l in blood or urine) or clinical pregnancy rate, quality 
of embryos starting from ordinary fertilization, number 
of embryos 3 days after fertilization (6 to 10 embryos 
with a fragmentation degree of <15%), early miscarriage 
(spontaneous abortion in the first 12 weeks of pregnancy) and 
pregnancy complications were determined in participants of 
both groups. 

Statistical analysis

Data were analyzed using Statistical Package for the Social 
Sciences v 20. Mean and the standard deviation were used 
for quantitative variables. Chi-square test was applied to 
check the statistical significance and nonparametric test was 
used for comparison between the and receiver operating 
characteristic (ROC) curve was used to analyze the predictive 
value of AMH level in IVF-ET clinical pregnancy in PCOS 
patients. p < 0.05 was considered as statistically significant. 
GradpadPrism7.0 software package was used for mapping.

Results
A total of 200 participants were selected in this study. Mean 
age of the patients in group A was 28.74 ± 2.07 years while it 
was 29.74 ± 2.23 years in group D. Statistically, no significant 
difference in general information such as age, BMI, age at 
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menarche, and infertility time was seen (p > 0.05). The 
patients were followed up for survival (Table 1; Figure 1).

Serum levels of FSH, LH, and T in group A were significantly 
lower than group B (p < 0.05), while E2, P, and PRL serum 
levels in group A were not significantly different (p > 0.05). 
The ovarian function of participants in the low-level AMH 
group(A) was significantly better than that in the high-level 
AMH group(B) (Table 2 and Figure 2).

Compared with patients in group B, the implantation, 
high-quality embryo, biochemical pregnancy, and clinical 
pregnancy rates in group A were significantly higher (p < 
0.05). However, no significant difference in the fertilization 
and cleavage rate of patients were found between both 
groups (p > 0.05). The pregnancy outcomes of patients in the 

group A were significantly better than those in the group B 
(Table 3 and Figure 3).

Frequency of early miscarriage, gestational hypertension, 
and gestational diabetes in group A was significantly lower 
than group B (p < 0.05). The rate of early miscarriage and 
pregnancy complications in the group A was significantly 
lower than that in the group B (Table 4 and Figure 4).

Mean serum levels of AMH was (6.52 ± 1.04) ng/ml 
and (7.49 ± 1.12) ng/ml in the participants of group C and 
group D, respectively. The ROC curve was applied to analyze 
predictive value of AMH level in IVF-ET clinical pregnancy 
in PCOS patients, and the results showed that it has high 
specificity (77.52%) and sensitivity (81.46%) (Figure 5).

Figure 1. A combined diagram of the process.

Table 1. Comparison of general information of patients in the two groups.

Groups Group A (n = 90) Group B (n = 110) T value p value

FSH (U/l) 5.53 ± 1.26 7.93 ± 1.35 6.425 0.001

LH (U/l) 6.14 ± 0.83 8.21 ± 1.27 6.372 0.001

E2 (pmol/l) 128.73 ± 5.42 130.26 ± 5.49 0.586 0.524

P (nmol/l) 2.65 ± 1.04 2.81 ± 1.18 0.539 0.516

T (nmol/l) 1.47 ± 0.28 2.53 ± 0.36 6.197 0.001

PRL (nmol/l) 0.92 ± 0.35 0.86 ± 0.31 0.632 0.423

a p > 0.05 compared with group A.
b p > 0.05 compared with group C.
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Discussion
PCOS being a complex disease caused by metabolic and 
endocrine disorders, mainly affects women of childbearing 
age.11 PCOS patients often have symptoms such as 
hyperandrogenemia, hyperinsulinemia, ovulation dysfunction 

or even anovulation, so patients often are accompanied by 
infertility symptoms.12 IVF-ET therapy is often used clinically 
for infertile PCOS patients with ineffective drug therapy. 
However, there are certain differences in the pregnancy 
outcomes of PCOS infertile patients with different conditions 
after IVF-ET treatment.13 Both AMH and sex hormone levels 

Table 2. Comparison of mean sex hormone levels between the two groups (x ± s).

Groups Group A (n = 90) Group B (n = 110) T value p value

FSH (U/l) 5.53 ± 1.26 7.93 ± 1.35 6.425 0.001

LH (U/l) 6.14 ± 0.83 8.21 ± 1.27 6.372 0.001

E2 (pmol/l) 128.73 ± 5.42 130.26 ± 5.49 0.586 0.524

P (nmol/l) 2.65 ± 1.04 2.81 ± 1.18 0.539 0.516

T (nmol/l) 1.47 ± 0.28 2.53 ± 0.36 6.197 0.001

PRL (nmol/l) 0.92 ± 0.35 0.86 ± 0.31 0.632 0.423

Figure 2. Image comparison of sex hormone levels in patients of both groups (A and B). (A) follicle stimulating hormone (FSH); (b) luteinizing 
hormone (LH); (c) estradiol (E2); (d) progesterone (P); (e) is testosterone (T); (f) prolactin (PRL); ** means p < 0.001.

Table 3. Comparison of pregnancy outcomes of patients between the two groups (n, %).

Groups Group A (n = 90) Group B (n = 110) X2 value p value

Fertilization rate (%) 80.00 (73/90) 78.18 (86/110) 0.574 0.526

Cleavage rate (%) 98.89 (89/90) 98.18 (108/110) 0.639 0.438

Implantation rate (%) 41.11 (37/90) 20.91 (23/110) 6.541 0.001

High quality embryo rate (%) 52.22 (47/90) 40.91 (45/110) 6.325 0.001

Biochemical pregnancy rate (%) 64.44 (58/90) 51.82 (57/110) 6.293 0.001

Clinical pregnancy rate (%) 57.78 (52/90) 32.73 (36/110) 6.741 0.001
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effectively depict ovarian reserve in women of gestational 
age, and changes in its expression are of great significance in 
some infertility diseases. 14 

AMH is one of the important members of the TGF-β 
superfamily, and it mainly plays a physiological role through 
AMH receptor II.15 Serum AMH is one of the important 
indicators for diagnosing PCOS patients. AMH levels in PCOS 
patients are about two to three times higher than that of 
normal ovulating women, therefore its expression helps in 
diagnosing PCOS.16 In addition, the serum AMH level can also 
be used in the assessment of ovarian reserve. Poor ovarian 
reserve may lead to menopause and infertility in women 
of gestational age.17 The current study showed significantly 
lower levels of T, FSH and LH in group A while comparing to 
group B. The pathological increase of their levels in latter 
may indicate women’s poor ovarian function and ovarian 
regression, to certain extent, that may have a negative impact 
on normal pregnancy in women of gestational age. Ishii et 
al.18 found that high expression levels of T in turn promote 

the secretion of AMH and cause incomplete follicular 
development. Increased expression levels of AMH, FSH, and 
LH are important as this may cause hyperandrogenemia in 
the body, and further damage to follicular function.19 Current 
study also shows significantly higher serum levels of FSH, 
LH, and T in group B participants which indicate poor frontal 
ovarian function in these patients. However, there was no 
significant difference in E2, P, and PRL levels between groups 
A and B in terms of the pregnancy outcome, implantation, 
high-quality embryo, biochemical pregnancy, and clinical 
pregnancy rates were significantly better in the participants 
of group A. Bedenk et al.20 reported that the pathological 
increase of serum AMH level not only affects the ovarian 
function of pregnant women, but also damages the normal 
ovarian environment, resulting in poor oocyte and embryos 
quality, affecting normal pregnancy. Detti et al.21 related the 
pathological expression of serum AMH, FSH, LH, and T levels 
with the expression of cytokines related to endometrial 
morphology and endometrial receptivity, resulting in higher 

Figure 3. Image comparison of pregnancy outcomes in patients of both groups (A and B); (a) fertilization rate; (b) cleavage rate; (c) implantation 
rate; (d) high quality embryo rate; (e) biochemical pregnancy rate; (f) clinical pregnancy rate; ** means p < 0.001.

Table 4. Comparison of pregnancy related complications in both groups (n, %).

Groups Group A (n = 90) Group B (n = 110) X2 value p value

Early abortion rate (%) 6.67 (6/90) 19.09 (21/110) 6.315 0.001

Pregnancy induced 
hypertension (%) 

13.33 (12/90) 31.82 (35/110) 6.762 0.001

Gestational diabetes  
mellitus (%) 

3.33 (3/90) 17.27 (19/110) 6.439 0.001
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endometrial volume. Also, the receptivity is reduced, 
affecting normal pregnancy.21 Therefore, in the current study, 
the pregnancy and embryo quality of group A patients were 
closely related to their lower serum FSH, LH, T, and AMH 
expression.

High androgen status in PCOS patients affects the insulin 
metabolism of related cytokines in the uterus, thus having a 
certain impact on the normal development of the placenta, 
causing the hormones secreted by the placenta to enhance 
insulin resistance. Therefore, PCOS patients are prone to 
have diabetes during pregnancy.22,23 According to another 
study, high androgen levels in PCOS patients cause increased 
secretion of vascular smooth muscle cells, resulting in 
narrowing of the vascular lumen, increased blood flow 
resistance, poor vascular endothelial function, and eventually 
the development of pregnancy-induced hypertension.24  In 
this study, compared with patients in group B, the incidence of 
gestational diabetes and hypertension in pregnancy in group 
A was significantly lower, which may be due to the low serum 
AMH level. In terms of the early abortion rate, it was seen 

significantly better in the participants of group A, which was 
more related to their endometrial morphology and function. 
Therefore, this study found low serum AMH levels improve 
the androgen status and intrauterine environment of PCOS 
patients, and reduce the rate of early pregnancy miscarriage 
and related complications during IVF-ET. In the present study, 
ROC curve showed the high specificity and sensitivity of AMH 
serum levels in IVF-ET clinical pregnancy in PCOS patients, 
which is consistent with the findings of Melado et al. 25 Clinical 
interventions can be taken in advance for PCOS patients with 
high serum AMH levels when undergoing IVF-ET to improve 
their pregnancy outcome.

Conclusion
Females with PCOS have lower serum AMH levels and better 
sex hormones profile that relates to clinical pregnancy 
outcomes during IVF-ET. Serum AMH levels reliably predict 
IVF-ET clinical pregnancy in these patients. Therefore, patients 
with high levels of AMH should be offered interventions in 
advance to improve outcomes of pregnancy during IVF-ET. 

Figure 4. Image comparison of early abortion rate and pregnancy complications of patients in of both groups (A and B); (a) early abortion rate; 
(b) pregnancy induced hypertension; (c) gestational diabetes mellitus; ** means p < 0.001.

Figure 5. ROC curve of AMH levels predicting IVF-ET in clinical pregnancy in PCOS patients ROC curve analysis shows that the area below the 
curve is 0.783, 95% of CI is 0.586 to 0.826, the specificity is 77.52%, the sensitivity is 81.46%, the Youden index is 53.26, and the optimal cut-point 
is 7.149.
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Limitations of the Study
The present study investigated only the clinical pregnancy and early 
miscarriage rate of patients, while the patient’s late pregnancy 
process or the health of the newborn was not studied. The trial 
period should be extended in future studies. Also, there is a need to 
comprehensively explore the relationship between AMH level and 
the whole process of IVF-ET pregnancy in PCOS patients.
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