Romanian Journal of Oral Rehabilitation

\Vol. 16, No.3 July-September 2024

THE SPECTRUM OF BIOCHEMICAL, HORMONAL, AND
METABOLIC CHANGES - A DETERMINING FACTOR IN THE
MANAGEMENT OF PSYCHOSOCIAL AND MEDICAL
IMPLICATIONS OF POLYCYSTIC OVARY SYNDROME

Anca Daniela Briilal, Constantin Marian Damian', Laurentiu Mihai Dira?,
Matei Georgian Briiila®, Stefan-Dimitrie Albu3, Cristina-Crenguta Albu*

tUniversity of Medicine and Pharmacy of Craiova, Romania, Faculty of Midwives and Nursing,
Department Il

2’Carol Davila” University of Medicine and Pharmacy Bucharest, Romania, Faculty of Medicine
¥Carol Davila” University of Medicine and Pharmacy Bucharest, Romania, Faculty of Dentistry,
Department of Periodontology

#*Carol Davila” University of Medicine and Pharmacy Bucharest, Romania, Faculty of Dentistry,
Department of Genetics

Corresponding authors: Stefan-Dimitrie Albu, email: stefan-dimitrie.albu@drd.umfcd.ro,
Matei Georgian Braila, email: braila_matei529@yahoo.com

ABSTRACT

The aim of the study is to evaluate a group of women diagnosed with polycystic ovary syndrome (PCOS),
compared to a control group consisting of healthy women, in order to reveal the hormonal and metabolic
changes characteristic of PCOS. The study was conducted over a period of two years, in the Gynecology
Clinics, of the University of Medicine and Pharmacy of Craiova, Romania. Material and methods: We
analyzed a case group of 34 patients, aged 20-38 years, with the diagnosis of PCOS, and a control group of
30 healthy women of similar ages. Besides the usual analysis, the study focuses on the hormonal and
metabolic investigations of women diagnosed with PCOS. The results of hormonal evaluation in the study
group are the following: the mean value of plasma leutinizing hormone (LH) was 18.10 + 9.87 mUI/mL and
the ratio of the LH to follicle stimulating hormone (LH/FSH) was 2.41, the value of plasma estradiol was
136.43 £ 86.21 pg/mL, the value of progesterone was 4.72 + 3.46 ng/mL, the total plasma testosterone was
1.38 £ 0.53 ng/mL and free testosterone was 8.87 + 1.91 pg/mL. The results of metabolic evaluation in the
study group are the following: the glucose tolerance test at 2 hours had a mean value of 147.27 + 13.73
mg/dL, the value of plasma cholesterol was 187.22 + 33.67 mg/dL, high density lipoprotein cholesterol (HDL
C) level was 38.25 £ 11.22 mg/dL, low density lipoprotein (LDL C) level was 124.43 + 34.12 mg/dL and
serum triglycerides value was 117.47 + 34.69 mg/dL. Conclusions: Hormonal and metabolic evaluation in
the study group indicate the importance of the early diagnosis and personalized management of all patients
with PCOS, in order to prevent complications.

Key words: polycystic ovary syndrome; increased luteinizing hormone; anovulation; increased insulin
resistance; metabolic syndrome.

INTRODUCTION anovulation, hyperandrogenism, and

The most common endocrine- numerous ovarian microcysts [3]. The long-

gynecological disorder in women of term health consequences are determined by

reproductive age is PCOS, with an incidence the increase in insulin resistance and

of 4-12% [1, 2]. It is characterized by oligo- compensatory hyperinsulinemia [4].
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Hyperandrogenism, hyperinsulinemia, and
increased insulin resistance have a strong
impact on women's lives, both in the short
term through infertility and obesity, but also
in the long term through the potential for
developing diabetes, cardiovascular disease,
and dyslipidemia [5, 6]. The psychosocial
impact of PCOS on young women of
reproductive age is not to be neglected,
considering problems such as anxiety,
depression, decreased self-esteem, and
negative perception of one's own image [7].

Anovulation in women with PCOS occurs
due to central hormonal changes in the
pulsatile secretion of gonadotropin-releasing
hormone (GnRH). This  hypothalamic
disorder determines preferential pituitary
secretion of LH, compared to FSH [8]. In the
ovaries, gonadotropins stimulates the growth
and maturation of the follicles, the formation,
and evolution of the vyellow body,
respectively the synthesis and secretion of
estrogen and progesterone [9]. Determining
the level of progesterone is the best test to
confirm ovulation [10]. Normally, towards
the end of the ovarian follicular phase there is
a dramatic increase in estradiol concentration,
at which point positive feedback produces an
accentuated increase in FSH and especially
LH that will trigger ovulation [11]. The
increase in basal LH level, with an LH/FSH
ratio of > 2 in a patient with chronic
anovulation is suggestive of polycystic ovary
[12]. Women with PCOS have secretory
changes in the gonadostat (hypothalamic-
pituitary-ovarian axis) that cause anovulation
with progesterone collapse [13].

Women with PCOS exhibit insulin
resistance and compensatory
hyperinsulinemia. Insulin is a polypeptide
hormone produced by p-cells of the
pancreatic islets of Langerhans. Both insulin
and LH stimulate the production of androgens
by ovarian theca cells [14]. Affected ovaries
secrete larger amounts of testosterone and
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androstenedione and implicitly increase
estrogen levels as a result of the peripheral
conversion of androgens into estrogens
through aromatase. Excess testosterone is
clinically manifested by hirsutism, so through
excess pilosity with male distribution [15].
Differential diagnosis should take into
account anatomical-clinical features and
paraclinical investigations. In this context, we
are discussing: benign ovarian tumors,
endometriosis, ovarian carcinoma, ectopic
pregnancy, intramural uterine fibroids with
evolution towards the uterine horns [16-22].
The aim of the study is to evaluate a group
of women diagnosed with PCOS, compared
to a control group consisting of healthy
women, in order to highlight changes in the
hormonal and metabolic profile of PCOS.

MATERIAL AND METHODS

The study was conducted over a period of
two years, from January 2021 to December
2022, in the Gynecology Clinics of the
Craiova County Emergency Clinical Hospital
and Filantropia Clinical Hospital, Romania.

Study groups

We analyzed a group of 34 patients, aged
20-38 years, with the diagnosis of PCOS, and
a control group of 30 healthy women of
similar ages.

A signed informed consent document was
obtained from the patients and the study was
performed according to the Declaration of
Helsinki and the ethical guidelines of
Gynecology Clinic, of the University of
Medicine and Pharmacy of Craiova,
Romania.

The selection of patients was performed
from a total of 75 patients, after excluding
other causes of hyperandrogenism: virilizing
ovarian or adrenocortical tumors, congenital
adrenal hyperplasia, Cushing's syndrome,
danazol therapy, anabolic androgens.

Symptomatology for which they addressed
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was: menstrual cycle disorders - amenorrhea

and oligomenorrhea, infertility, signs of
hyperandrogenism - hirsutism,  acne,
seborrhea, virilization of voice,

defeminization phenomena - mammary gland
hypotrophy and of the genital tract,
galactorrhea, psycho-behavioral disorders.

Research methods

Besides the usual, haematological, urinary,
and transvaginal ultrasound analysis, in the
study we insisted on hormonal and metabolic
analyzes.

Hormonal analyzes aimed at the function
of adenohypophysis by measuring plasma
gonadotropins FSH (follicle stimulating
hormone) and LH (luteinizing hormone), the
LH/FSH ratio, the functioning of ovarian
steroidogenicity by  dosing  estradiol,
progesterone, total and free testosterone. In
the hormonal study of the hypothalamic-
pituitary-thyroid-ovarian axis, we also looked
at the dosage of prolactin (PRL) and thyroid
stimulating hormone (TSH).

The metabolic profile was investigated by
targeting basal blood glucose, glucose
tolerance test for glucose metabolism and
plasma triglycerides, total cholesterol, high
density lipoprotein cholesterol (HDL-C) and
low-density lipoprotein (LDL-C) for lipid
metabolism.

The statistical analysis of the results took
into consideration a confidence interval of
95%; a value of p<0.05 was considered as
statistically significant.

The data were processed using the
Statistical Toolbox (Matlab, USA). As the
data were exclusively numerical, divided into
2 non-paired samples, the t-Student test was
used when the data distribution was normal
(parametric), or Mann-Whitney test was used
when the data distribution was non-
parametric.

To decide on choosing the type of t-
Student test, the Fisher test was used, to
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verify the equality of the dispersions of two
independent normally distributed variables.
Therefore, the t-Student test for equal
dispersion or unequal dispersion was chosen,
accordingly.

Independently of the chosen test, the null
hypothesis (HO) states that the difference
between sample means (Lot PCOS vs. Lot
Control) is non-significant, while the
alternative hypothesis (H1) says the means of
the two samples differ significantly.

To verify the normality of data
distribution, the Lilliefors test was used,
based on the Kolmogorov—-Smirnov test. In
this case, the null hypothesis (HO) states that
the data are non-parametric, while the
alternative hypothesis (H1) states the data are
parametric (normally distributed).

RESULTS AND DISCUSSIONS

Plasma markers FSH and LH were
determined in the follicular phase. The mean
value of LH plasma level in patients in the
study group was 18.10 = 9.87 muUl/mL,
significantly higher than the mean value of
LH in the control group, 7.87 + 3.12
mUI/mL. The mean value of FSH in patients
in the study group was 7.48 + 3.13 mUI/mL,
not significantly different from the mean
value of FSH in the control group 7.22 + 4.86
mUI/mL. The LH/ FSH ratio in the study
group was 2.41, significantly higher than the
control group 1.09 (Tablel and Figurel).

Table 1. The values of LH, FSH, and ratio
LH/FSH obtained in the group of patients
with PCOS and the control group

LH FSH Ratio
(mUlmL)  (MUImML) LH/FSH
Group 18.10 7.48 241
PCOS +9.87 +3.13
Control 7.87 7.22 1.09
group +3.12 +4.86
Statistics ~ Lilliefors  Lilliefors = Lilliefors
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Figure 1. The hormonal average of plasma
LH, FSH, and ratio LH/FSH values obtained
in the group of patients with PCOS and the
control group

The secretion of LH was increased, with
GnRH secretion peaks being frequent, but of
low amplitude, aspect that confirmed
anovulation.

The mean value of plasma estradiol in the
study group was 136.43 + 86.21 pg/mL,
significantly lower than the mean value of
estradiol at the beginning of the follicular
phase of the menstrual cycle in the 187.27 +
63.42 pg/mL control group.

The mean value of progesterone was 4.72
+ 3.46 ng/mL in the study group, significantly
reduced from the mean value of 19.68 +
10.56 ng/mL determined in the control group
on day 21 of the menstrual cycle (Table 2 and
Figure 2).

Table 2. The values of estradiol and
progesterone obtained in the group of
patients with PCOS and the control group

Estradiol Progesterone

(pg/mL) (ng/mL)
Group 136.43 4.72
PCOS +86.21 + 3.46
Control 187.27 19.68
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group +63.42 +10.56
Statistics Lilliefors Lilliefors
p <0.05 p <0.05
t-Student t-Student
p <0.05 p <0.05
200 187.27
180 |
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20 4:72 |
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Figure 2. Hormonal average of estradiol and
progesterone values obtained in the group of
patients with PCOS and the control group

The total plasma testosterone recorded a
mean value of 1.38 + 0.53 ng/mL in patients
in the study group, significantly higher than
that of women in the control group of 0.70 +
0.22 ng/mL.

Free testosterone recorded a mean value of
8.87 = 1.91 pg/mL in the study group
patients, significantly higher than that of the
control group 2.16 £ 0.49 pg/mL (Table 3 and
Figure 3).

Table 3. The values of total testosterone
and free testosterone obtained in the group
of patients with PCOS and the control group

Total Free
Testosterone Testosterone
(ng/mL) (pg/mL)
Group 1.38 8.87
PCOS +0.53 +1.91
Control 0.70 2.16
group +0.22 +0.49
Statistics Lilliefors Lilliefors
p <0.05 p <0.05
t-Student t-Student
p < 0.05 p <0.05
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The mean PRL value in the study group
was 16.18 + 7.11 ng/mL, insignificantly
different from the 15.73 + 6.29 ng/mL value
in the control group. The mean TSH in the
study group was 1.25 + 0.28 pg/mL,
insignificantly different from that in the
control group 1.08 £ 0.12 pg/ML.

Evaluation of glucose metabolism was
performed by basal blood glucose dosing and
the glucose tolerance test.

Basal glycemia had a mean value of 96.78
+ 13.41 mg/dL for the patients in the study
group, insignificantly modified from the
mean value obtained in the control group at
86.34 + 7.82 mg/dL.

The glucose tolerance test at 2 hours had a
mean value of 147.27 + 13.73 mg/dL for the
patients in the study group, compared to the
mean value obtained in the control group of
118.72 + 9.23 mg/dL (Table 4).

Patients with PCOS have modified glucose
tolerance and increased risk of developing
diabetes compared to those in the control

group.

Table 4. The values of the carbohydrate
metabolism obtained from patients with
PCOS group and the control group

Basal 2-hr GTT
glycaemia (mg/dL)
(mg/dL)
Group 96.78 147.27
PCOS +13.41 +13.73
Control 86.34 118.72
group +7.82 +9.23
Statistics Lilliefors Lilliefors
p <0.05 p <0.05
t-Student t-Student
p <0.05 p <0.05

2-hr GTT - the glucose tolerance test at 2 hours

The evaluation of lipid metabolism was
done by plasma cholesterol dosing, the mean
value in the study group was 187.22 + 33.67
mg/dL, clearly increased from the value
obtained in the control group 156.73 +22.31
mg/dL, different, yet not statistically
different.

The mean HDL-C in the study group was
38.25 + 11.22 mg/dL, significantly lower than
the mean value obtained in the control group
43.56 + 8.35 mg/dL.

The mean value of LDL-C in the study
group was 12443 + 3412 mg/dL,
significantly increased from the mean value
obtained in the control group 95.15 £+ 21.73
mg/dL.

The mean serum triglycerides value in the
study group was 117.47 + 34.69 mg/dL,
higher than the mean value obtained in the
control group 98.82 + 23.74 mg/dL (Table 5).
Figure 4 illustrates the average values of the
carbohydrate  metabolism  and lipid
biochemical obtained from patients with
PCOS group and the control group.

Table 5. The average values of the lipid biochemical obtained from patients with PCOS group
and the control group

Cholesterol HDL-C
(mg/dL) (mg/dL)
297
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Group 187.22 38.25 124.43 117.47
PCOS + 33.67 +11.22 +34.12 + 34.69
Control 156.73 43.56 95.15 98.82
group +22.31 +8.35 +21.73 +23.74
Statistics ~ Lilliefors p<0.05  Lilliefors p<0.05 Lillieforsp<0.05  Lilliefors p <0.05
t-Studentp < 0.05  t-Studentp >0.05 t-Studentp <0.05  t-Student p < 0.05
200 187.22
180
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140 118.72 124.43 117.47
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Figure 4. The average values of the carbohydrate metabolism and lipid biochemical obtained
from patients with PCOS group and the control group: 2-hr GTT, HDL-C and LDL-C

PCOS is one of the most complex systemic
disease with a very complex and largely
unclear etiopathogeny (23]. The pathogenesis
mechanisms of the syndrome is extremely
ambiguous, influenced by combination of
different genetics and epigenetics factors [24].

Currently, important objectives are being
investigated regarding the involvement of
certain genes in the occurrence of this
syndrome [25]. These genes are related to the
synthesis of predominantly androgenic steroid
hormones in ovarian theca cells, on androgen
synthesis in the ovary with a CYP11A gene
disruption on chromosome 15 (15g24.1) in
patients with PCOS [26]. This gene encodes
the cholesterol side-chain cleavage enzyme,
which is responsible for the limiting stage in
the biosynthesis of sex steroids and
predominantly androgen [27]. The CYP17A1
gene on chromosome 10 (10924.32) encodes
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the synthesis of 17a-hydroxylase, 17, 20-
hydroxlyase. The CYP19Al1 gene on
chromosome 15 (15021.2) encodes the
synthesis of flavoring enzymes [28]. Other
incriminated genes were those related to the
insulin receptor on chromosome 19p13.2, as
well as those of insulin resistance [29].

The change in GnRH pulse release rate
influences the absolute levels of LH and FSH,
as well as the LH/FSH ratio [30].

Steroidogenesis, which has cholesterol as
the raw material, occurs predominantly in the
smooth endoplasmic reticulum of the
steroidogenic cells of the ovaries and the
adrenal [19, 31], but the distribution of the
synthesized products in each tissue is
determined by the presence of the needed
enzymes: cholesterol side-chain cleavage
enzyme, 3 hydroxysteroid dehydrogenase,
170 hydroxylase (Figure 5).
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Figure 5. Steroidogenesis starting from C27 cholesterol with C21 progesterone synthesis, C19
testosterone, C18 estrogens and the necessary enzymatic equipment
(SCC - side chain cleavage enzyme of cholesterol; 3B-HSD - 3 hydroxysteroid dehydrogenase;
1700Hase -170 hydroxylase; 17B-HSD - 17 hydroxysteroid dehydrogenase; CYP 11A1 gene -
encodes the enzyme of cholesterol side chain cleavage; CYP 17AL gene - encodes the synthesis of
170 OHase; CYP 19A1 gene - encodes the synthesis of flavoring enzymes)

The normal levels of total testosterone or
those at the upper limit of normal levels
support the diagnosis of PCOS. Androgens,
insulin, and corticosteroids decrease the level
of sex hormone binding globulin (SHBG).
Weight gain, especially central adipose tissue,
can significantly decrease the SHBG
expression and may increase the level of free
hormone [32-34]. Patients with normal levels
of total testosterone exhibit an increase in free
testosterone with clinical manifestations of
hyperandrogenism - hirsutism, acne [35].

Both normoponderal and obese women
with PCOS often have insulin resistance and
type 2 diabetes [36]. Insulin resistance was
associated with an increase in the frequency
of diabetes, dyslipidemia, and cardiovascular
disease [37]. Insulin resistance leads to the
development of arterial hypertension due to
associated endothelial dysfunction, which is
characterized by low production of nitric
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oxide and an release of
endothelin [38, 39].

Insulin resistance leads to the release of
free fatty acids from the adipose tissue,
increased hepatic production of HDL-C, and
very-low-density  lipoprotein  cholesterol
(VLDL-C). The increased production of free
fatty acids, pro-inflammatory cytokines, and
adipokines, as well as mitochondrial

dysfunction, contribute to the disruption of

exaggerated

insulin-mediated signaling, low glucose
uptake at the level of the skeletal
musculature, increased hepatic
gluconeogenesis, and pancreatic [-cell

dysfunction, which will cause hyperglycemia
[40].

Recommendations

Although the exact causes of PCOS are
unknown, it is assumed that genetic
inheritance, diet, and insulin resistance are the
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main factors involved in the development of
this pathology.

In the case of PCOS diagnosis, regular
monitoring of body weight, blood pressure,
and menstrual cycles are required. Annual
glucose, cholesterol, and triglyceride testing
are also recommended because regular testing
reduces the risk of any long-term
complications.

Obese women with PCOS need to measure
their blood sugar more than once a year
because obesity increases their risk of
diabetes.

PCOS cannot be prevented. However, if
there is a family history of this syndrome,
early diagnosis and treatment can help relieve
symptoms and reduce the risk of developing
complications such as  diabetes or
cardiovascular disease [41, 42].

There is no cure for PCOS, but most
women can lead a healthy life with medical
treatment and lifestyle changes, including
physical activity and a balanced diet that
includes plenty of fruits and vegetables,
whole grains, and low-fat dairy products,
which covers the body's nutritional needs,
satisfies hunger, decreases appetite, and
reduces the risk of complications such as
cancer or 0steoporosis.
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