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ABSTRACT

Hormonal disorders affecting ageing and
hormone levels significantly impact polycystic
ovary syndrome (PCOS), which is linked to
infertility. PCOS and obesity have a two-way
overlap, affecting hormone concentrations with
weight and age in PCOS-affected women. The
study measured hormone concentrations in the
blood serum of 62 POCS patients and found that
BMlI-related variables were negative with E2,
insignificant negative association with HCG E2,
Inhibin B, TSH, and FSH, insignificant positive
association with prolactin LH, and age. Age-
related variables were negative with AMH,
HCG_E2, and prolactin, or positive with BMI,
Inhibin, FSH, LH, and TSH, but insignificant.
AMH changed positively with HCG E2, inhibin B,
prolactin, and LH, and negatively with rest
hormones. BMI is positively affected by a
woman's age and PCOS, and age affects the
production of inhibin, FSH, LH, and TSH.
Therefore, the relationship between AMH and age
is negative.
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INTRODUCTION

Sex hormones play a crucial role in the continuity of life since they are
necessary for reproduction and its continuation. The development and maturity
of the ovaries, which generate the ova and cause ovulation, are governed by the
hypothalamus-pituitary-ovarian axis (1).

A crucial element in the control of the menstrual cycle is the release of the
gonadotropin-releasing hormone (GnRH) by the hypothalamus gland, which in
turn stimulates the pituitary gland to release other hormones like prolactin,
follicle-stimulating hormone (FSH), and LH from B-cells in the anterior
pituitary (2). While luteinizing hormone (LH) is in charge of the ovulation
process in the ovaries once the follicles have reached maturity, FSH works on
the evolution and development of ovarian follicles. As a result, a process
frequently referred to as luteinizing also aids in the development and function
of the corpus luteum. In the embryonic stage, AMH (anti-Miillerian hormone)
controls the determination of sex; in males, it promotes the production of male
tracts and inhibits the formation of female ducts, and vice versa. It also
influences decreasing follicular sensitivity to FSH (3).

More often than FSH, the AMH hormone is used as a biomarker for
significant indicators such as ovarian cancer, ovarian ageing, and ova quality
(4). Another name for this hormone is Miillerian Inhibiting Substance (MIS). It
is a glycoprotein belonging to the transforming growth factor beta 1 (TGF-p1)
family, which controls the growth and differentiation of tissues (5). The gene
responsible for encoding the AMH receptor (AMH-RII) is found on
chromosome 12, while the AMH gene is on the short arm of the chromosome
(19p13.3) (6).

As an indicator of ovarian reserve in conditions like premature ovarian
failure and PCOS, AMH testing can be used to evaluate ovarian function and
women's fertility (5). An ultrasound of the ovaries should be performed after
the AMH measurement to evaluate the number and calibre of follicles. When
comparing the concentration in healthy women at various age stages, there is a
significant decline in AMH concentration with ageing (4).

AMH hormone can be at its highest levels with multiple polycystic ovary
syndrome, which gives unclear results on women's fertility. PCOS is the most
common hormonal disorder caused by genetic and environmental factors. Signs
such as anovulation, obesity, hirsutism, and the appearance of acne, as well as
the presence of ovaries containing multiple cysts, affecting approximately 4-
12% of women of childbearing age (7).

The causes of polycystic ovary syndrome are not known precisely, and
there are many opinions on how to explain its occurrence, including disorders
in the hormones that stimulate gonadotropin or a defect in the pituitary gland
that increases the ratio of LH to FSH (8). FSH and increased secretion of male
hormones, especially testosterone and prolactin hormone (PRL) affect in some
way on insulin's function. Insulin resistance causes Insulin hormone to build up
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in the blood and its concentration to rise. This increases androgen production,
which causes early follicle damage and anovulation. The level of sex hormone
binding globulin (SHBG) decreases in response to an increase in insulin, which
in turn causes an increase in hormones, particularly the hormone testicular
lipids, which in turn causes the development of vascular diseases,
cardiovascular disorders, central obesity, and abnormal glucose metabolism (9).

PCOS is one of the most prevalent endocrine diseases in women and one
of the primary reasons for infertility (10). This syndrome is related with
numerous indications and symptoms, like weight gain, lipid metabolism issues,
insulin resistance, and diabetes (11). Approximately 30-40% of women with this
syndrome have insulin resistance, and they are more likely to develop type 2
diabetes than healthy women (12).

Body mass index (BMI) and polycystic ovarian syndrome are linked.
Infertile women had high rates of obesity and central obesity since these
conditions affect 10 to 40% of patients. It has been established that 40-90% of
women are overweight (13).

Aim of the study:

1. estimation of AMH concentration in women with POCS.

2. figuring out the association between PCOS, BMI , age and AMH.

3. figuring out how age, BMI, and AMH relate to various hormone
concentrations in POCS patients.

METHODOLOGY
Patients and methods
The study included 62 women with POCS (31.42 +5.93 years) who
attended private women's clinics in Al-Qadisiyah and Al-Muthanna provinces
(central-southern Iraq). Their infection was confirmed after an ultrasound
examination (sonar). This study performed from December 2022 to May 2023.
Study groups
After the patients filled out a special questionnaire that included
information about the participant’s age, the number of children, and abortion
history, and after determining the weight length, the participants were divided
into four subgroups according to age and BMI (=35 years and <35 years), (>25
and <25) respectively.
Ethical approvals
The study was completed by the ethical recommendations of Imam Al-
Sadiq University No. 6290- B in 9/23/2022.
Blood and Serum Samples
10 cc of blood was drawn from the participants on days 2-4 of their
menstrual cycle. The serum was separated by centrifugation (242 rpm) for 20
minutes. The serum was stored at -20°C.
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Estimation of hormone concentrations

The concentration of hormones (AMH, E2, HCG E, Inhibin B, Prolactin,
LH, FSH, TSH) was measured by the enzyme-linked fluorescence assay
technique (ELFA) following the steps indicated in the assay kit for the hormone
system ( mini VIDAS) from Koma Biotech Inc. Korea (13).
Measurement of body mass index

The height and weight of each participant were measured. BMI was
calculated by dividing the weight in kilograms by the square of the height in
meters (14).
Statistical analysis

SPSS-24 software was used, where the average, standard deviation and P
value were extracted, by calibrating the results of the study groups and using
the binary variance method.

RESEARCH RESULT

Table 1 illustrates the general description of the women in the current
study, where the average age was (31.42 £ 5.93) and BMI (27.03+ 5.03). Twenty
three of them were over 35 years old. Nineteen were >25 in BML

Table 1: General description of patients

Std.
Parameters | Groups No. % Parameters | Average |Dev.
Adge <35 46 74.20% | Age 31.42 5.93
g >35 16 |25.80% |BMI 2703|503
<25 24 |38.700 |DUTIONOFIg 20 1409
BMI 95 38 61.30% infertility
- ' Total units |1748.28 |613.83
HCG
Follicle 17.93 6.06
Number
Orgalutran |18 31.0%
Therapy | cerotide |40 | 69.0% g“.meler.Of
timulation | 4 ¢~ 215
Days
p Yes 14 22.6%
regnancy | g 28 |77.4%

Table 2 demonstrates that the relationship between age and hormone
concentration. Although the levels of E2 and LH hormones in >35 group were
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increased, and the level of HCG E2, Inhibin B, Prolactin, and FSH decreased,
all these results were insignificant.

The decrease of hormones AMH (p. value= 0.048) in <=35 group and the
increase of hormone TSH (p. value = 0.050) in >35 group were significant.

Table 2. Biochemistry averages and comparison of age groups in PCOS
patient group

Age <=35 (n=46) Age>35 (n=16) ;
(Mann p. value

Average |Std. Dev. |Average |Std. Dev. Whitney)
AMH 5.71 3.23 3.52 2.06 0.05 0.048
E2 33.68 12.08 40.67 11.94 0.18 0.198
HCG E2 2161.14 |1835.96 |2089.67 |1428.21 |(0.91 0.932
InhibinB | 72.85 51.40 68.30 56.45 0.88 0.882
Prolactin | 14.58 7.62 14.19 5.78 0.95 0.975
LH 4.42 2.78 4,71 2.01 0.54 0.570
TSH 1.56 0.76 2.62 1.22 0.05 0.050
FSH 5.66 3.34 511 1.81 0.93 0.935

Table 3 represents the relationship between BMI and hormone
concentration. Although the levels of AMH and LH increased, and the rest of
the hormones decreased with the increase in weight, all these results were
insignificant.

Table 3: Biochemistry averages and comparison of BMI groups in PCOS
patient group

BMI<25 (n=24) BMI>=25 (n=38) ;
(Mann p. value

Average |Std. Dev. | Average |Std. Dev. Whitney)
AMH 4.70 3.39 5.59 2.98 0.15 0.882
E2 38.00 13.01 32.92 11.33 1.09 0.276
HCGE2 |2761.27 |1712.30 |1721.75 |1658.80 |[1.73 0.084
Inhibin B |73.27 51.02 70.72 53.56 0.31 0.755
Prolactin |15.37 8.77 13.67 5.39 0.54 0.586
LH 4.14 2.90 4.78 2.32 1.32 0.188
TSH 1.95 0.61 1.68 1.24 1.50 0.134
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FSH

6.40

4.35

4.90

1.39

0.86

0.390

AFS

15.00

4.88

16.79

7.68

0.77

0.442

The relationships among all terms were shown in Table 4, here we
notice Significant BMI-related variable was Negative (decreasing due to BMI
increase) with E2 (r=-0.409 ; P. value = 0.042), with an insignificant negative
association with HCG E2, Inhibin B, TSH, and FSH, with an insignificant
positive association with prolactin AMH, LH, and age.

Age-related in negative with AMH, HCG_E2, and prolactin or

positive with BMI, inhibin, FSH, LH and TSH, but there were insignificant.
AMH changed positively with HCG E2, inhibin B, prolactin, and LH, and
negatively with rest hormones and age.

Table 4. Correlation results in PCOS group (Spearman's rho correlation)

n=31 | [BMI |AMH |E2 EZCG— glh‘bm prolactin [LH  |TSH  |FSH
0.125
AMH
0.535
-0.409 |-0.250
E2
0.042 |0.238
HCG -0.346 [0.308 |0.139
E2 0.077 |0.134 |0516
inhibin |7 |-0-107 [0.333 [0.217 |0.204
B 0.601 [0.096 |0.309 |0.340
orolacti || 0-007 |0.179 |-0.276 [0.022 |0.185
n 0.972 |0.403 |0.182 |0.920 |0.387
0.258 |0.325 |0.193 |-0.059 |0.058 |-0.087
LH
0.193 |0.113 |0.366 |0.785 |0.781 |0.688
20.210 |-0.273 [0.310 |0.098 |-0.032 |-0.239 |-0.291
TSH
0.313 |0.197 |0.132 |0.648 |0.882 |0.249 |0.168
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r[-0.283 [-0.269 [0.315 [-0.288 [-0.103 [-0.296 |0.149 [0.131
FSH

p[0.145 [0.193 [0.125 [0.153 [0.631 |0.150 |0.488 |0.533

r[0.027 [-0.214 [0.155 |-0.035[0.072 |-0.108 |0.109 |0.251 |0.024
Age

p[0.884 [0.284 [0.461 |0.864 |0.727 |0.606 |0.588 |0.226 |0.903
DISCUSSION

Weight gain and a high body mass index are important signs of PCOS(15).
One of the most significant aspects of PCOS syndrome is the link between
functional and reproductive changes, which is where obesity plays a significant
role. It follows a metabolic pathway that results in peripheral testosterone,
which, in addition to the ovaries, is another source of this hormone(16).

The relationship between weight gain and ovulation is inverse, as weight
gain may cause increased deposition of grease around the ovaries, which leads
to cysts of eggs inside the ovaries, lack of ovulation, menstrual irregularities,
and delayed pregnancy(17). This increase in weight may be due to the
possibility of a significant increase in the concentration of total cholesterol in the
serum, which results from a rise in the concentration of low-density
lipoproteins (LDL) in the serum, in addition to the increase in the concentration
of triglycerides due to the syndrome, which leads to Significant increase in
weight and disorder in the distribution of fat(18).

Polycystic ovary syndrome is associated with hormonal activity that
accompanies young ages (25-35 years) and premenopausal age, and both
periods may be related to hormonal instability(19). Women with PCOS suffer
from disturbances in menstrual periods, as these disorders lead to increase the
hormonal levels such as androgen hormones (male hormone) then ovulation
stops. In addition, the menstrual cycle disorder and irregular menstrual periods
Oligomenorrhea or absence of menstruation lead to a disorder in the ovulation
process and then the occurrence of infertility(20). Also, decreased secretion of
oestrogen and progesterone leads to thickening of the endometrium, and the
condition may develop into endometrial hyperplasia which may cause uterine
cancer(21).

PCOS is associated with a high rate of infertility in females.
Hypothyroidism caused by a drop in the hormone tri-iodide thyronine (T3) and
an increase in the concentration of thyroid-stimulating hormone (TSH), which
promotes an increase in the secretion of testicular fat and the occurrence of
infertility, may be responsible for high infertility in women with polycystic
ovaries. Moreover, a high level of TSH interferes with oestrogen metabolism
and lowers the liver's ability to produce (SHBG), which raises the level of free
testosterone(22). It could also Be the primary source of steroid hormones,
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including androgens, the rise in total cholesterol concentration in polycystic
ovarian syndrome patients has a significant impact on the infertile situation(23).

Obesity and increased BMI play a role in infertility due to the imbalance in
the secretion of gonadotrophic-releasing hormone (GnRH) or due to the
imbalance of the hypothalamic-pituitary axis, which may provoke an increase
in the ratio of luteinizing hormone to follicle- follicle stimulating hormone. As a
result, stimulates the theca cells of the ovaries to secrete higher levels of
testosterone, which may cause an imbalance in the growth and development of
the ovarian follicles(24).

Several earlier papers' findings suggest that in the group of women with
PCOS, an increase in the corpus luteum-releasing hormone (LHRH)
concentration is balanced by a decrease in the concentration of FSH(25). The
needed amount of LH function is to promote the act of ovulation and then
encourage the corpus luteum to generate the steroid hormone steroidogenesis,
despite the fact that excessive levels of it (LH) suppress the activity of
aromatase and inhibit the growth of the oocyte. According to this study, the
level of the LH is higher in the follicular phase when compared to a sample
Control, which causes hormonal disturbance and prevents ovulation(26).

The pituitary gland and the hypothalamus are among the main organs
that regulate the mechanism through which the endocrine system works(27).
The hypothalamus also stimulates the production of gonadal nutrients from
the pituitary gland through the pulsating production of hormones that release
the gonads' nutrients(28). When the pulse repetition rate (release rate) of the
hormones released by the gonadal nutrients increases, this leads to stimulation
of the reproduction of the beta sub-unit of the luteinizing hormone more than
the ovarian follicle-stimulating hormone. Reproduction of the beta subunit of
LH, thus reducing the production of LH more than FSH(29).

The positive feedback relationship between estradiol and LH stimulates
the process of ovulation within the ovarian cells, as estradiol stimulates the
response of follicular receptors necessary for the growth and development of
the follicle, the increase in oestrogen secretion in the ovary (and adrenergic as
well) in the pre-ovulation phase stimulates the hypothalamus to secrete GnRH,
which stimulates the anterior lobe the pituitary gland to secrete LH, which
affects the ovarian vesicles, where theca cell produces androgens and then
converts them into oestrogens with the effect of the FSH hormone(30).
Oestrogens are made from cholesterol in the ovaries as well. Any imbalance in
one or more of the roles played by estradiol may lead to a defect in the cycle.
An increase in the level of estradiol when it is associated with low levels of
progesterone may lead to an increase in the response of the Gonadotrophic -
releasing hormone (GnSH-R) and thus may It leads to a rise in the level of (LH)
and then produces a second anovulation(31).

LSH secretion and its impact on the cells of the pituitary gland are both
inhibited by prolactin. As a result, ovulation is inhibited, the ovaries are
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rendered ineffective, and oestrogen levels are decreased. This hormone has a
stimulating effect on the corpus luteum in the ovaries. The prolactin hormone,
also known as luteotrophic hormone (LTH), is one of the gonadotropin
hormones as a result(32). Many people experience an increase in oestrogen
levels along with a decrease in prolactin levels, which draws a connection
between oestrogens and the release of the hormone of love and raises its
concentration in the blood(33).

The majority of women are not aware that beyond their thirties, fertility
falls and that as the mother's age increases, the success of assisted reproductive
procedures (ARP) likewise substantially declines. The quantity of ovarian
follicles declines with age, and they also become less responsive to FSH.
Ovulation becomes less effective, predictable, and regular than in prior years. A
woman's reproductive cycle will begin to shift between the ages of 38 and
42(34).

When estimating the concentration of AMH according to weight levels, it
is noted that there are no significant differences in the concentration of the
AMH hormone for healthy women. Because the AMH hormone reduce the
sensitivity of the ovarian follicles to the FSH hormone and has a regulatory role
for the growth of the follicles and reduces the activity of enzymatic action and
the number of recipients of the FSH hormone as it works on reducing the
secretion of testosterone from the interstitial cells, so it has nothing to do with
weight changes, as AMH is a brake on FSH, which affects weight levels(35).

When estimating the concentration of the oestrogen hormone according to
weight levels, it is noted that there are no significant differences in the
concentration of the oestrogen hormone, and this is because obesity is most
prevalent in the middle ages(36). The steroidal sex hormones are necessary for
obtaining and maintaining pregnancy, and oestrogen is not limited to its effect
on reproduction and sex functions but also has other effects, including giving
secondary sexual characteristics and its importance in tissue construction and
bone formation(37).

When estimating the concentration of the follicle-stimulating hormone
(FSH) according to weight levels, it is noted that there is a non-significant
decrease in the FSH concentration in women who are overweight(38). The
causes of changes in BMI were either a result of disease or exercise, or as a
result of an imbalance in the nutritional process, such as loss of appetite, which
is often accompanied by a nervous condition, especially when they suffer from
menopause, and this would cause an imbalance that affects the ovulation
process(39).

There is a rise in the concentration of LH with weight gain, and this is due
to the increase in BMI that impedes the ovulation process because obesity leads
to the production of more low-density lipoproteins for cholesterol, which is
considered one of the harmful fats in the body, which works to cause an
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imbalance in most of the functions of the body systems through its deposition
in its vessels blood vessels, their narrowing, decreased blood flow to these
organs, and consequently a lack of hormone secretions, especially the
reproductive system(40).

The decrease in the concentration of the prolactin hormone with weight
gain is because the prolactin hormone has many biological functions, including
secretory, immunological, and regulator of osmosis(41). Recent research also
indicated that prolactin is one of the most important hormones that participate
in the regulation of reproduction through its primary role in early embryonic
implantation and maintaining it during propagation(42). Excessive secretion of
prolactin is the most common among women suffering from polycystic ovary
syndrome (PCOS), which leads to imbalance and abnormal increase in body
weight(43).

CONCLUSIONS AND RECOMMENDATIONS

BMI is positively affected by a woman's age and PCOS, this increase in
weight affects the production of hormones and the ratio between them. Age
affect the increase in the production of inhibin, FSH, LH and TSH, therefore the
relationship between AMH and age is negative.

ADVANCED RESEARCH

The study highlights the complex relationship between hormonal
disorders, aging, obesity, and PCOS. It shows that BMI is positively affected by
a woman’s age and PCOS, and that age affects the production of inhibin, FSH,
LH, and TSH. Additionally, the study found a negative relationship between
AMH and age, indicating that AMH levels decrease as women age. This
research provides valuable insights into the hormonal imbalances associated
with PCOS and infertility. Understanding these relationships can help in the
development of targeted treatments and interventions for women affected by
PCOS
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