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Introduction
Polycystic ovary syndrome (PCOS) is also called hyperandro-
genic anovulation. It is an endocrine-metabolic disturbance 
which has features of multiple hormonal imbalances that pro-
duce short and long term consequences on women health.1  
Polycystic ovary syndrome or Stein and Leventhal syndrome 
was first diagnosed in 1935. They found a series of seven cases 
in women suffer from amenorrhea, hirsutism, and bilateral 
polycystic ovaries, a condition known later as polycystic ovary 
syndrome (PCOS). PCOS patients clearly present a higher risk 
of cardiovascular diseases spatially obese PCOS patient.2 It is 
now categorized as the most common pathology of the endo-
crine system in females at reproductive age with principle fea-
tures of menstrual irregularity (amenorrhea, oligomenorrhea), 
elevated androgens (acne, hirsuitism), and polycystic ovaries by 
ultrasound (Futterweit and Ryan, 2006). 

In PCOS, the number of antral follicles and primary fol-
licle pool are much higher than in healthy women and show 
significant correlation with serum Anti-Müllerian hormone 
(AMH), which increase by 2–3 folds, and this in combination 
with higher androgen level give rise to the major characteristic 
feature of PCOS with arrested multiple follicles of less than 
10 mm in diameter.3 AMH is considered to be a potentially 
important biomarker of reproductive potential of cattle. It is 
a growth factor, produced from the granulosa cells of ovary 
and sertoli cells of testes, and was first discovered to play an 
important role in sex differentiation in the fetal life.4

Hypersecretion of luteinizing hormone (LH) as the result 
of increased plasticity of the GnRH, is a quite common feature 
of PCOS, particularly in lean women with oligoamenorrhea.5 
While many women with PCOS have LH and follicle stimulat-
ing hormone (FSH) still within the 5–20 mIU/ml range, their 

LH level is often two or three times than that of the FSH level. 
This situation is called an elevated LH/FSH ratio or a ratio of 
3:1. An elevated LH/FSH ratio and increased LH responses 
to GnRH.6 Increased LH secretion with relatively fixed low 
or normal FSH secretion in women with PCOS has been first 
reported previously. Therefore, excess testosterone is produced 
primarily in the ovaries and is caused by increased LH stimu-
lation from the pituitary and the effect of hyperinsulinemia at 
the ovary.7 However, increased frequency of pulsatile GnRH 
release that selectively increases LH secretion.8 PCOS is a diag-
nosis of exclusion, and prolactin levels are routinely measured 
in newly referred patients to exclude prolactinomas.9 High 
prolactin may be a marker of low dopaminergic tonus in the 
central nervous system. Prolactin secretion is influenced by 
several hormonal parameters, age, and smoking status. PCOS 
is associated with hyperandrogenemia and relatively high 
estrogen levels, which could stimulate prolactin secretion,10 
also, depression and a decreased quality of life in PCOS could 
increase dopamine secretion and decrease prolactin levels.11

Polycystic ovarian syndrome (PCOS) is characterized as 
a hyperandrogenic state, the lipolytic effect of catecholamine 
is decreased in subcutaneous adipocytes due to low content of 
β2-adrenoceptors and hormone sensitive lipase. It is possible 
that the increased testosterone levels are responsible for these 
abnormalities in catecholamine signal transduction in subcu-
taneous fat cells of PCOS women. However, in visceral fat cells 
of PCOS women catecholamine-induced lipolysis is enhanced 
which cannot be explained by testosterone. High levels of 
insulin in PCOS patients leads to excessive production of 
androgen hormone, which cause some of the unfertilized 
eggs to disintegrate, leading to inconsistent or nonovulation.12 
The early recognition of an ‘insulin resistant phenotype’ is 
important to prevent cardiovascular involvement in a subset 
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of young and susceptible PCOS patients without other signs 
of IR, glycemic hyperinsulinemic clamping is currently the 
gold-standard for measuring IR. However, it is not suitable for 
clinical practice since it is complex, time-consuming and not 
feasible in large populations.13 The association between insulin 
resistance and hyperandrogenism in PCOS is based mainly on 
two essential concepts: That insulin resistance is an important 
regulatory factor of ovarian synthesis of the androgens and, in 
the presence of hyperinsulinism, acts as a true gonadotropic 
hormone.14 That a condition of  hyperinsulinism, occurring as 
a form of compensation for a state of insulin resistance, may be 
responsible both for an increased androgenic production and 
for greater values of free androgens(testosterone), by means of 
the reduction of hepatic synthesis of the sex hormone binding 
globulin SHBG.13

The presented work aimed to investigate the role of of 
Anti-Müllerian in the pathogenesis of PCOS of Iraqi women 
and its association with various body mass index (BMI), ages, 
insulin resistance, and other hormonal biomarkers.

Materials and Methods:
This study carried out at Research Center, Department of 
Biochemistry, College of Medicine, University of Kerbala 
and the PCOS and apparently control group individuals 
were obtained from Gynecological and Obstetric Teaching 
Hospital/Kerbala Health Directorate/Kerbala – Iraq from the 
period Dec. 2019 to Jul. 2020. Subjects of study involved 50 
women of PCOS and another 50 healthy women with matched 
age range between 18 and 37 years. Women with PCOS have 
been checked medically by ultrasound waves to confirm 
that they have PCOS by radiologist. In the other hand, some 
women were excluded because they suffer from hypertension, 
pregnancy, diabetes mellitus, ischemic heart diseases, thyroid 
disease, pituitary tumors, women taking oral contraceptives 
and other hormonal drugs. Women with PCOS were diag-
nosed by using the Rotterdam ESHRE/ASRM criteria from 
2003, that including at least two of the following: Polycystic 
ovaries on ultrasound, Oligo- or a ovulation, biochemical and 
clinical signs of hyperandrogenism.15

Blood samples are collected through a vein puncture 
during the follicular phase of the menstrual cycle at 9 am, and 
the blood sample is drawn for both patients and controls. The 
samples were placed in gel tubes and left for 15 min to clot 
at room temperature, then the serum was centrifuged at 3000 

rpm for 15 min. The serum was divided into Eppendorf tubes 
and the serial number was given in the name for each sample 
of samples. It was stored in the freezer at -4 °C until it was 
used to measure serological tests that included measuring the 
level of the AMH, LH, FSH, testosterone (TT), concentration 
prolactin hormone (PRL) and insulin hormone concentration 
(IN). Each of these hormones is measured using the ELISA 
technique test for two monoclonal antibodies,16 based on the 
quantitative sandwich principle according to the manufactur-
er’s instructions (Mannheim, Germany). The blood sugar level  
measured  was determined by enzymatic colorimetric (GOD-
PAP) method, using kit supplied by Spinreact, Spain.

Data were analyzed by t-test using SPSS version 23 sta-
tistic program .the comparisons between means were made 
using least significant differences (LSD) using Genstat3statistic 
program. The difference were considered to be significant at 
p<0.05 using multivariate model in SPSS. The data are pre-
sented as mean ± S.D (standard division). The correlation 
coefficient Pearson was calculated to examine association 
among parameters.17

Results: 
The current study was conducted with the aim of studying the 
measurement of sexual hormones and some biochemical vari-
ables in women with PCOS in Karbala Province:Iraq. AMH 
levels in patients with POCS of normal weight, overweight 
and obesity groups were 8.05 ± 1.11 ng/mL, 8.06 ± 1.17 ng/
mL, and 7.78 ± 1.17 ng/mL, respectively, which were increased 
significantly (p<0.05) when compared with control group of 
normal weight, over weight, and obesity (2.19 ± 0.67 ng/mL), 
(2.38 ± 0.62 ng/mL) and (2.46 ± 0.37 ng/mL) groups, respec-
tively, as shown in Figure 1 and Table 1.

The concentration of LH was increased significantly (p 
<0.05) in PCOS patients of first age group (14.96 ± 2.86 m.lU/
mL) and second age group (15.35 ± 4.76 m.lU/mL) as com-
pared with control group of first age group (3.89 ± 1.19 m.lU/
mL) and second age group (4.48 ± 1.29 m.lU/mL), respectively 
(Figure 2).

The FSH concentration of women patients with POCS 
in first (4.87 ± 0.82 m.lU/mL) and second (4.44 ± 1.22 m.lU/
mL) age group was non-significantly different (p<0.05) as 
compared with control group of first age (4.86 ± 0.94 m.lU/
mL) and second age group (5.09 ± 0.48 m.lU/mL), respectively 
(Figure 3).

Table 1. The mean ± S.D values of LH, FSH and LH/FSH ratio in control and patients 
with POCS (according to age) by using t-test.

Groups Parameters Control Patients p-value

First group
(18–27) years 

LH, mlU/mL
N = 4 84% N = 39 78%

0.00
3.89 ± 1.19 14.96 ± 2.86*

FSH mlU/mL 4.86 ± 0.94 4.87 ± 0.82 0.92

LH/FSH ratio 0.78 ± 0.23 3.11 ± 0.54* 0.00

Second group
(28–37) years

LH mlU/mL
N = 8 16% N =11 22%

0.00
4.48 ± 1.29 15.35 ± 4.76*

FSH mlU/mL 5.09 ± 0.48 4.44 ± 1.22 0.13

LH/FSH ratio 0.88 ± 0.28 3.51 ± 0.77* 0.00



170

Original

Association between anti-Müllerian hormone and other biomarkers with ovarian function Huda Basim Al-Lami

J Contemp Med Sci | Vol. 6, No. 4, July-August 2020: 168–175

Fig. 1 The concentration of AMH in control and PCOS patients. 
*significant between control and patients at the (p<0.05)

Fig. 2 The LH concentration in control and PCOS patients. 
*significant between control and patients at the (p<0.05)

Fig. 3 Mean ± SD of serum concentration of FSH in control and PCOS patients.
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The values of PRL was increased significantly (p<0.05) in 
patients women with POCS of first age group (24.86 ± 4.92 ng/
mL) and second age group (20.50 ± 4.22 ng/mL) as compared with 
control of first age group (17.51 ± 5.95 ng/mL) and second age 
group (14.17 ± 7.90 ng/mL), respectively, see Table 2 and Figure 4. 

The values of TT observed was increased significantly 
(p<0.05) in patients women with POCS of first age group 
(0.73 ± 0.49 ng ng/mL) and second age group (0.55 ± 0.45 ng/mL) 
as compared with control of first age group (0.22 ± 0.12 ng/mL)  
and second age group (0.30 ± 0.19 ng/mL), respectively (Figure 5).

The values of IN was increased significantly (p<0.05) in 
patients women with POCS of first age group (17.97 ± 0.78 
μIU/mL) and second age group (17.61 ± 0.95 μIU/mL) com-
pared with control of first age group (11.56 ± 0.78 μIU/mL)  
and second age group (12.02 ± 0.46 μIU/mL), respectively 
(Figure 6).

Insulin resistance or homeostatic model assessment 
(HOMA-IR) is a technique that calculate insulin resistance 

and β-cell function. Software program was used to solve the 
equations, so that the estimation of insulin resistance and 
β-cell function by using fasting glucose and insulin concentra-
tion as indicated in the following equation:18

HOMA - IR [ Glucose (mg / dl) Insulin (U / ml)] / 405= ×

The HOMA-IR observed was increased significantly (p<0.05) 
in patients women with POCS of first age group (4.22 ± 0.36 μIU/
mL) and second age group (4.08 ± 0.40 μIU/mL) as compared 
with control of first age group (2.38 ± 0.22 μIU/mL) and second 
age group (2.43 ± 0.06 μIU/mL), respectively (Figure 7).

The vales of fasting blood glucose (FBG) in women 
patients with PCOS in normal weight (92.07 ± 7.67 mg/dI), 
over weight (95.92 ± 4.60 mg/dI), and obesity (95.58 ± 4.79 
mg/dI) groups increased significantly (p<0.05) when com-
pared with control group of normal weight (81.66 ± 2.38 mg/
dI), over weight (84.25 ± 4.04 mg/dI) and obesity (80.81 ± 2.48 
mg/dI) groups, respectively (Figure 8). 

Table 2. The mean ± SD values of PRL, TT and AMH in control and patients with POCS (According to Age) by using t-test.

Groups Parameters Control Patients p-value

First group
(18–27)years

PRL, ng/mL
N = 42 84% N = 39 78%

0.00
17.51 ± 5.95 24.86 ± 4.92*

TT, ng/mL 0.22 ± 0.12 0.55 ± 0.45* 0.00

AMH, ng/mL 2.38 ± 0.61 8.18 ± 1.10* 0.00

Second group
(28–37)years

PRL, ng/mL
N = 8 16% N = 11 22%

0.03
14.17 ± 7.90 20.50 ± 4.22*

TT, ng/mL 0.30 ± 0.19 0.73 ± 0.49* 0.02

AMH, ng/mL 2.21 ± 0.38 7.29 ± 1.04* 0.00

Fig. 4 The concentration of PRL in control and PCOS patients. 
*significant between control and patients at the (p<0.05)
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Fig. 5 The concentration of TT in control and PCOS patients. 
*significant between control and patients at the (p<0.05)

Fig. 6 The concentration of IN in control and PCOS patients. 
*significant between control and patients at the (p<0.05)

Fig. 7 The values of HOMA IR in control and PCOS patients. 
*significant between control and patients at the (p<0.05)
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Discussion:
PCOS is one of the most common endocrine disorders in 
women of reproductive age, characterized by the growth of 
many follicles instead of one follicle, but these follicles fail to 
mature. Various biomarkers including hormonal and genetic 
polymorphisms have been performed in PCOS patients of Iraqi 
women as reported by Al-Tu’ma et al.19 The data obtained from 
the present work showed that PCOS was increased in first age 
group with age 18–27 years, while decreased in second age group 
with age 28–37 years. This results due to the menstrual cycle 
tended for normalization with age because of decrease in the fol-
licle population. Our result was in agreement with other study 
which reported the prevalence of PCOS seems to decrease with 
age.20 Several other studies, have reported that menstrual cycle a 
tended for normalization with age, mainly in those women older 
than 30 years (Teede et al., 2018). Thus, the ovulatory function 
seems to improve in PCOS patients with advancing age as a con-
sequence of the decrease in the follicle population.

The results concerning FBG showed a significantly 
increase levels in women with POCS groups as compared with 
control. This result due to insulin resistance causing raised lev-
els of blood glucose, which, sent to liver, than, the glucose is 
converted into fat and stored in the body, leading to weight 
gain and finally, obesity that is a key factor in creating PCOS. 
These results was agreement with Al-Auqbi,21 which found 
increased FBG in PCOS women and about 20–28% of PCOS 
women were prediabetic or diabetic due to insulin resistance 
and PCOS women are at higher risk to develop type 2 diabe-
tes mellitus, gestational diabetes at the reproductive age and 
even after age of 40 and post menopause. In PCOS, women 
initially glucose metabolism are normal, the rate of conversion 
to abnormal glucose metabolism can be 25% over just 3 years. 
Women with PCOS were commonly obese or overweight 
impaired glucose tolerance (IGT) and increased risk of type II 
diabetes compared to obese women.22

The LH levels was increased significantly in PCOS women 
as compared with control group, while no significant differ-
ence was observed regarding the FSH levels when compare 
between PCOS and control groups. These results was agreed 
with another study performed by Al-Hashimy et al,23 which use 

PCOS women in reproductive age and they found an increased 
in LH and LH/FSH ratio values in PCOS women while no 
significant difference was found in FSH values. Al-Mahdawi 
et al.24 reported that 60–70% of patients with PCOS had an 
increase in their LH level due to increase of pulse frequency, or 
episodic secretion of LH. The high level of LH causes increased 
LH/FSH ratio in PCOS women groups as compared with con-
trol which was agreed with another study found an increased 
in LH/FSH ratio in women with PCOS as compared with con-
trol which may be due to primary central disorders involving 
GnRH secretion or secondary pituitary sensitization to GnRH 
by an abnormal feedback signals from ovaries.25 In another 
study on women with PCOS in reproductive age found that 
the ratio of LH/FSH is elevated in women with PCOS.26

There was no significant difference in FSH hormone lev-
els reported in this study between PCOS and control. This 
result was agreed with another study done by Salehpour et al27 
and disagreed with other study performed by Dewailly et al,28 
which showed that serum LH and LH/FSH ratios were higher 
in women with PCOS than controls. The level of LH and LH/
FSH ratio increased significantly in PCOS women in normal 
weight, overweight, and obesity groups, while no significant 
different in FSH level in overweight and obesity but increase  
in  PCOS of normal weight. 

Results of current study was also agreed with Kamran et 
al,29 which observed that circulating LH and LH/FSH ratio 
increased significantly in normal weight PCOS women. The 
occurrence of the disorder in the LH and FSH hormones is the 
result of hypothalamus pituitary gland, which causes the dif-
ference in the level of these hormones in the affected women. 
Al-Hashimy et al.23 found that 20% of women with PCOS did 
not change with FSH concentration.

PRL levels was increased significantly in PCOS women 
groups of normal weight and overweight groups which may be 
due to the PCOS pathogenesis related to deficient hypothalamic 
dopaminergic activity which is also responsible for elevated LH/
FSH ratio. These data were agreed with another studies and may 
refer to pituitary gland disorders.30 These data may be due to 
psychological and neurological disorder in women associated 
with this syndrome, for example, the anxious (anxiety), and this 
anxiety may be a main factor of PRL elevation that explains the 

Fig. 8 The concentration of FBG in control and PCOS patients. 
*significant between control and patients at the (p<0.05)
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progressive of increasing level of this hormone of the PCOS 
women’s beside the other factors. Hyperprolactinemia was 
associated luteal phase dysfunction and may reflect the sup-
pressive effect on elevated prolactin, due to high level of PRL 
blocks binding of FSH to FSH receptor on granulosa cell lead-
ing to the suppression of progesterone production.31

TT levels was increased significantly in PCOS women as 
compared with the control. Testosterone is one of the most 
common androgen used as biomarker of hyperandrogenemia 
in women that cause PCOS produced from the ovaries and 
adrenal glands in women.32 Increased LH in PCOS leads to an 
increase in testosterone production by the theca cells within 
the ovary. Women with PCOS exhibited a significantly higher 
TT level, than women without PCOS, which is similar to the 
current study.33 These results were also agreed with previous 
study done by Jumaa and Saood,34 which shows that women 
with PCOS raised serum total testosterone. 

The results of the present study revealed that the AMH 
level is higher in PCOS in comparing with control group, 
which were due to excessive amount of small antral folli-
cles in the ovaries.35 AMH is mainly secreted exclusively by 
the granulosa cells of ovarian early developing follicles from 
preantral and small antral follicles indicating AMH role in 
folliculogenesis results may be due to increased production 
per granulosa cell, suggesting an intrinsic granulosa cell dys-
regulation in PCOS or because of impaired access of FSH to 
follicles. Elevated levels of the AMH in PCOS women groups 
were associated and related to increased number of follicles in 
women with PCOS agreement with Namik et al,36 which found 
increase levels of the AMH in PCOS women in their repro-
ductive ages. AMH is a member of the transforming growth 
factor beta superfamily.37 In the women, it is solely produced 
by the granulosa cells of growing preantral and small antral 
ovarian follicles. Serum AMH levels may be used as a marker 
of ovarian reserve, representing the quantity and quality of 
the ovarian follicle pool.38 Women with PCOS are known to 
have elevated baseline AMH levels when compared with age-
matched normo-ovulatory women.39

The results of the present study revealed significant nega-
tive correlation between AMH and age. This result indicates a 
reduction in AMH level with increasing age due to a decrease 
in the number of follicles as women aging and these data 
agrees with Kevenaar et al,40 which reported that circulating 
levels of AMH decline with age, may reflect the age-associated 
depletion of ovarian follicles. 

The overweight and obesity was found as a common 
feature among PCOS women studies which was agreed with 
others.21 High BMI can influence both clinical and pathophys-
iology manifestations of PCOS.41,42 Their report indicate that 
PCOS women with BMI >25 kg/m² have a marked increase 
level of insulin, glucose, LH, TT, and increased insulin resis-
tance. BMI has an opposite relationship with androgen levels in 
men, whereas it seems to have a synergistic impact in women. 
The increase in fat tissue and body weight is related to the 
change in sex steroid equilibrium in pre-and postmenopausal 
women. Increased BMI may be major factor of endocrine and 
metabolism disorder in PCOs women and the obese and over-
weight PCOS women who had increased levels of TT and LH 
had a high prevalence of overweight/obesity in PCOS women.

Results of current study showed significant difference 
in serum insulin and insulin resistance (HOMA-IR), which 
is higher in PCOS patients as compared with control and 
the results were similar to studies done by others.43 Insulin 

resistance with hyperinsulinemia, is one causes of the patho-
genesis of PCOS and it lead to development of complications 
related to PCOS and increased ovarian androgen production 
in PCOS stimulates hyperinsulinemia due to IR.8

The proposed mechanisms for insulin-reproductive 
abnormalities include abnormalities of ovarian steroidogen-
esis, excessive LH secretion and abnormalities in glucose 
uptake. There are three possible mechanisms have been pro-
posed for androgen hypersecretion include: an intrinsic func-
tional theca cell defect, hyperinsulinemia following insulin 
resistance and hypersecretion of pituitary LH resulting in 
extreme theca stimulation.44

Spritzer45 reported that hyperinsulinemia and IR deter-
mination of hyperandrogenemia by stimulate ovarian theca 
cells to secrete androgens and increase the effect of LH on the 
production of ovarian androgens. Insulin and HOMA-IR in 
present study was increased significantly in PCOS women of 
normal weight, overweight and obesity groups. Insulin resis-
tance is a common feature of PCOS and is more marked in 
obese women, suggesting that PCOS and obesity have a syn-
ergistic effect on the magnitude of the insulin disorders.46 Our 
results agrees with others which reported that PCOS women 
demonstrate greater variation in insulin parameters compared 
to controls, independent of weight.47 IR and hyperinsulinemia 
can be caused by obesity with visceral fat accumulation; hyper-
insulinemia affects granulosa cells in small follicles and theca 
cells and this condition induces early response to LH on gran-
ulosa cells of small follicles and causes premature differentia-
tion of these cells, which eventually results in anovulation.48 
Other stuy found that obesity increases insulin resistance, and 
the presence of polycystic ovaries increases insulin resistance. 
The presence of polycystic ovaries appears to have a stron-
ger influence than obesity on insulin resistance.49 The results 
obtained agree with other study found that weight gain occurs 
as a result of increased insulin levels and stimulates the ova-
ries to produce testosterone, so weight gain increase the tes-
tosterone hormone. Insulin has an inhibitory effect on hepatic 
production of SHBG resulting in increase of free testosterone 
in addition to its stimulatory effect to the ovarian androgen 
production augmenting the state of hyperandrogenism.50

Conclusion:
This study revealed there are significant positive correlation in 
LH/FSH ratio with BMI and age of PCOS women.     

This study revealed there are significant negative correla-
tion in PRL and age of PCOS women.

A significant rise in the levels of the AMH, IN, LH, TT, 
PRL, FBG and HOMA IR was found significantly in women 
with PCOS significantly compared to control, while no signif-
icant difference was found in FSH values between a group of 
infected women and a control group.
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