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Polycystic ovary syndrome (PCOS) is the most commonly diagnosed condition in women of reproductive age. This
pathology may be linked to an intricate endocrine disorder, given its diverse nature and the unexplained circumstances
surrounding its origins. The main clinical features of PCOS include reduced ovulation frequency, irregular menstrual
cycles, decreased fertility, polycystic ovaries detected by ultrasound examination, and elevated levels of male hormones
like testosterone, which causes excessive facial or body hair growth and acne.

The objective: to examine the efficacy of metformin in diminishing hyperandrogenism and enhancing clinical outcomes in
women diagnosed with PCOS.

Materials and methods. A total of 55 women diagnosed with PCOS were included in the study. The participants had a
mean age of 31.70 + 7.79 years, with a range between 18 and 45 years old. The diagnosis of PCOS was made based on
the Rotterdam criteria. The patients took metformin, tablets, 500 mg twice a day with two main meals for 3 months.
Serum concentrations of follicle-stimulating hormone (FSH), luteinizing hormone (LH), total and free testosterone were
determined before treatment and 3 months after treatment.

Results. It was found that after taking metformin for 3 months, the concentrations of total testosterone and free testosterone
significantly decreased compared to pre-treatment values (p < 0.0001). Similar changes were found in the levels of LH
and FSH. Their values significantly decreased after 3 months of treatment compared to pre-treatment values (p < 0.0001).
Conclusions. Metformin treatment of PCOS induced significant reduction in serum luteinizing hormone, FSH, testos-
terone concentrations in the PCOS patient after three months treatment duration.
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BuBYeHHS TepaneBTUYHOro noTeHuiany metopmMiHy Npyv CUHAPOMI NONiIKICTO3HUX AEYHUKIB:
¢$okKycyBaHHS Ha rinepaHAporeHii Ha NpuKnagi BUGipky ipakCbKUX XiHOK
Y. S. Khudhur, Sh. S. Khudhur

Cunapom nostikicrosuux seurnki (CITKS) HallbiIbII 4acTo AiarHOCTYIOTh Y JKIHOK PeIpOoLyKTUBHOIO BiKy. Llst matomoris Moxe
BU3HAYATHCS SIK CKJIQTHUH €H/IOKPUHHNAN PO3J1aJ1, BPAXOBYIOUH 1i PI3HOMAHITHY eTioJIOTiIo Ta He JI0 KiHIlS 3pO3yMiJIi TaTOTeHeTH-
ni mexanizmu. OcuoBanMu kiinivaumu oznakamu CITKS e: 3nmskenns yactotu oByJIsIii; HeperyIsspHuil MEHCTPYaJIbHIIT ITUKJT;
3HIDKEHHS (DepTUIIBHOCTI; TOJIKICTO3 SIETHNKIB, BUSBIECHIH 32 ZIOTIOMOTOIO YIBTPa3BYKOBOTO TOCTI/PKEHHS; TTi/IBUIIIEHIH PiBeHb
YOJIOBIUMX TOPMOHIB, 30KPEMa TECTOCTEPOHY, 1110 CIIPUUYUHSIE HAMIPHUIN PicT Boslocest Ha obiudi abo Tii Ta akHe.

Mema docaioncenns: ananis eQeKTUBHOCTI MeTOPMIHY B 3MEHINEHHI TPOABIB TillepaHaporeHii Ta MOKpaIleH i KITHIYHIX
pesysbTaTiB y sKiHOK i3 miarHozom CITKS.

Mamepianu ma memoodu. Y nociijKeHH] B3suin ydacth 55 KiHOK i3 miarHozom CITKS. CepenHiii Bik yuyacHUIb CTAHOBUB
31,70 = 7,79 poxy (Bin 18 no 45 pokis). iarnos CITIKS BeranosmioBasn Ha ocHoBi Porrepramcbkux kputepiis. [lamieHTrn
npuiiMaan Merdopmit, TabiL., 1o 500 Mr aBiui Ha K00y IIij Yac ABOX OCHOBHUX MpPUITOMIB ki porsirom 3 mic. /o Ta yepes 3 mic.
micsst JIKYBaHHS BU3HAYAIM B CHPOBATIN KPOBI KOHIeHTpaIlii dosikyroctumymorodoro ropmony (DCT), moTeinizyiodoro
ropmony (JIT'), 3arasibHOTO Ta BiJIBHOTO TECTOCTEPOHY.

Pesyavmamu. BcranoBieHo, M0 1icys mpuiioMy MeThOpPMiHY BIIPOIOBK 3 Mic. KOHIIEHTPAITi] 3araJlbHOTO Ta BIJIBHOTO TECTOCTe-
POHY JIOCTOBIPHO 3HU3WJIMCS MOPIBHSHO 3 TIOKazHUKaMu 710 JiikyBanHs (p < 0,0001). Anasnoriuni 3MiHu BUsIBJIEHO B piBHAX JIT
ta OCT: ixHi KOHIIEHTpAIlii 3HAUYIIle 3HU3UINCS TiCs 3 Mic. JIiKYBaHHSI TIOPIBHIHO 3 ToyaTKoBUMHU 3HadeHHsME (P < 0,0001).
Bucnoexu. Jlikysanns CITKS 3a poromoroio merdopminy ingaykye pocrosipue sumskenns pisais JII, MCT Ta Tectocrepony B
cuposaTiii kposi y marientok i3 CIIKS micsis TpuMicssgyHOrO Kypey Teparii.

Knouosi cnosa: cundpom norixicmosnux seunuxie, meme@opmin, zinepanopozenis, QoriKyI0CmuMymoIouuil 20pMOoi, JIOmeitisy-
10YULL 20PMOH.

Polycystic ovary syndrome (PCOS) is the predominant ~ menstrual cycles, decreased fertility, polycystic ovaries
condition affecting females of reproductive age [1].  detected by ultrasound, and elevated proportion of male
The issue may be linked to an intricate endocrine disorder,  hormones like testosterone, which is a potential contribu-
given its diverse nature and the unexplained circumstances  tor of excessive facial or body hair growth and acne [3].
surrounding its origins [2]. The main clinical features  Consequently, PCOS has notable and diverse clinical
of PCOS include reduced ovulation frequency, irregular  consequences, encompassing reproductive issues just like
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(hirsutism, infertility, hyperandrogenism), metabolic dis-
turbances including insulin resistance, impaired glucose
tolerance, type two diabetes mellitus, unfavorable cardio-
vascular risk profiles; and psychological aspects comprising
depression and increased anxiety that can negatively im-
pact quality of life [2]. The defining feature of PCOS is the
presence of hyperandrogenic signs and clinical symptoms.
The majority of women with PCOS exhibit clinical mani-
festations of hyperandrogenism, such as hirsutism, acne,
greasy skin, and occasionally, male pattern balding or alo-
pecia. Infrequently, individuals may experience virilizing
symptoms, such as heightened muscular mass, depth of
the voice, or clitoromegaly. However, the presence of these
symptoms should lead to an investigation for an under-
lying ovarian or adrenal tumor, or a previously undiscove-
red congenital adrenal hyperplasia in its classic form [4].
PCOS is estimated to impact 116 million women globally,
which accounts for around 3.4% of the female population,
according to the World Health Organization [5].

Since the majority of research conducted in the Mid-
dle East use all three major diagnostic criteria for PCOS,
it is possible to derive prevalence rates for females in the
Middle East based on different criteria. A study conducted
in Kurdistan, Iraq, found that polycystic ovary is a disor-
der that is influenced by age, with its prevalence decreasing
as individuals become older [6]. The age group with the
highest prevalence was 18—27 years, whereas the age group
with the lowest prevalence was 38—47 years. No individuals
diagnosed with polycystic ovarian syndrome were identi-
fied who were older than 48 years [6]. The origin of PCOS
is still unknown, although it presents with numerous phe-
notypes including obesity and insulin resistance. Women
diagnosed with PCOS typically exhibit a distinct metabolic
profile, characterized by insulin resistance, central obesity,
which manifest early in life [7]. Prolonged unveiling to
these factors right through a woman’s reproductive years
can worsen the negative effects and increase their suscep-
tibility to metabolic syndrome, cardiovascular diseases, and
type 2 diabetic mellitus [8]. Polycystic ovarian syndrome is
a multifactorial disorder characterized by increased levels of
androgens, irregularities in menstrual cycles, and the presen-
ce of tiny cysts on one or both ovaries [9]. The disorder can
be morphological (ovaries) or predominantly biochemical
(hyperandrogenemia) [10]. Hyperandrogenism, a charac-
teristic feature of PCOS, can lead to the suppression of fol-
licular growth, the formation of small cysts in the ovaries,
the absence of ovulation, and alterations in the menstrual
cycle [11]. Consequently, serum free testosterone is conside-
red the most sensitive indicator for diagnosing PCOS [12].

Pharmacotherapy is employed in the treatment of
PCOS, encompassing the utilization of the hormonal
contraceptives, insulin sensitizer (metformin), progestins,
anti-androgens, and fertility medication (clomiphene cit-
rate) [13]. Metformin is an oral medication commonly
used as an antihyperglycemic agent and approved by the
US Food and Administration (FDA) for the treatment of
type 2 diabetic mellitus. Evidence has demonstrated the
positive effects of metformin on insulin sensitivity in non-
diabetic women with PCOS [14]. Metformin improves
insulin sensitivity by reducing the production of new glu-
cose, the formation of new lipids, and by promoting the ab-
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sorption of glucose in the liver, skeletal muscle, adipose tis-
sue, and ovaries. As women with PCOS have a heightened
susceptibility to insulin resistance, metformin effectively
enhances the process of insulin-mediated glucose elimina-
tion in women diagnosed with PCOS [15]. Preliminary in-
vestigations into the impact of metformin on women with
PCOS have indicated a rise in insulin sensitivity, com-
bined with a decline in insulin and androgen levels. The
majority of studies have shown a reduction in the levels
of freely circulating testosterone and androstenedione, as
well as changes in adrenal androgen regulation and a de-
crease in the production of androgens inside the ovaries.
Metformin inhibits the generation of ovarian androgens
via affecting the steroidogenic acute regulatory protein
and 17a-hydroxylase [16]. The study’s significance lies in
its capacity to offer useful insights on the efficacy and safe-
ty of metformin in the management of hyperandrogenism,
a prevalent hormonal imbalance linked to PCOS.

The objective: to examine the efficacy of metformin
in diminishing hyperandrogenism and enhancing clinical
outcomes in women diagnosed with PCOS.

MATERIALS AND METHODS

This observational study was carried out in Tikrit
Teaching Hospital, obstetrics and gynecology department,
and in private clinic (Tikrit, Iraq) from November 2023
till May 2024. Prior to data collection, signed consent
was obtained from each participant. The study protocol
was approved by the Scientific Research Ethical Commit-
tee (SREC) in the college of pharmacy, Tikrit University
(approval number SREC 7). A total of 55 women diagnosed
with PCOS were included in the study, the diagnosis was
based on Rotterdam criteria. The participants had a mean
age of 31.70 £ 7.79 years, with range was between 18 and
45 years old. Participants underwent an in-depth interview,
completing a detailed questionnaire form developed by the
investigator, which included their age, weight, length, and
other relevant information. Participants who fulfilled the
inclusion criteria at the beginning of the study were given
instructions to consume 500 mg metformin tablets twice
daily, with their two main meals, for a duration of 3 months.

Inclusion criteria: women with irregular menstrual cy-
cles and evidence of polycystic ovaries on ultrasound.

Exclusion criteria: pregnancy or lactation, diabetes
mellitus type 1 or 2, patients with hyperprolactenimea,
patients with hypothyroidism, patients with congenital
adrenal hyperplasia, concurrent hormonal therapies.

Data collection. The study enrolled women who had
polycystic ovaries as observed on ultrasonography. Each
patient provided a comprehensive menstrual history,
which included information about the age at which they
first started menstruating (menarche), the characteristics
of their menstrual cycle, and the length of time they had
been unable to conceive (infertility duration). Data on
previous occurrences and familial background of diabetes
mellitus and hypertension were also gathered. The body
mass index (BMI) was computed using the measured
height and weight according to the formula:

weight (kg)

BMI = ———2~_
height? (m?)
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A clinical examination specifically targeting hirsutism
was conducted. Appropriate examinations, such as ultra-
sound, were performed.

Sample collection and preparation. A venous puncture was
performed on each individual involved in this trial to obtain a
5 ml blood sample before metformin medication and 3 months
after the initial visit. The blood samples were collected and
placed into test tubes. Once the blood had clotted, the se-
rum was obtained by centrifuging the drawn blood sample at
4000 x g for 10 minutes in a gel tube. The separated serum
was maintained in an Eppendorf tube and frozen at —20°C.
The stored serum samples were intended for the measure-
ment of luteinizing hormone (LH), follicle-stimulating hor-
mone (FSH), total testosterone, and free testosterone levels.

Statistical analysis. Statistical analysis utilized SPSS
software (version 22, IBM Corporation, NY). The compari-
son was conducted using t-test probability; p-value < 0.05
was deemed statistically significant, while a p-value < 0.01
was regarded extremely significant.

RESULTS AND DISCUSSION
Data regarding the demographics and characteris-
tics of patients with PCOS
The demographic data and clinical characteristics fac-
tors of the research participants are presented in Table 1.

Table 1
Demographic data and the disease characteristics
variables of participants (N = 55)

Parameters Results
Age (years) (mean + SD) 31.70+x7.79
BMI (kg/m?) (mean + SD) 30.05+4.55
Disease duration | <95years, n (%) 22 (40.00)
category >5vyears, n (%) 33(60.00)
Family history of PCOS, n (%) 30 (55.00)
Alopecia, n (%) 14 (25.00)
Presence of Acne, n (%) 37 (67.00)
Hirsutism, n (%) 55(100.00)

Notes: BMI — body mass index; PCOS — polycystic ovary syndrome; SD —
standard deviation.

Metformin’s impact on testosterone levels in PCOS
patients

According to Table 2, research found women with
PCOS exhibited the highest average level of total testos-
terone (2.49 + 0.74 ng/mL) prior to receiving metformin
medication. Following treatment, this level reduced to
1.44 = 0.47 ng/mL, with a significant (p < 0.0001) and
noteworthy difference at the level —42.00%, which was
determined between the two measurements. Women
had the greatest average level of free testosterone prior
to the treatment (14.33 = 2.73 ng/mL), which subse-
quently reduced after the administration of metformin
(10.53 = 1.07 ng/mL) with a very significant correla-
tion (p < 0.0001), a marked decline of —26.00% was de-
tected between the baseline and follow-up measurements.
Normal value of total testosterone is 0.4—0.9 ng/mL and
for free testosterone is 0.8-9.2 ng/mL.

Metformin’s impact on LH and FSH in PCOS pa-
tients

The current study’s findings revealed that women with
PCOS exhibited the greatest average levels of LH and
FSH prior to receiving metformin treatment, measuring
at 845 £ 2.58 and 9.19 + 2.01 pIU/mL, respectively
(Table 3). In comparison, after undergoing metformin
treatment, these same women demonstrated a very sig-
nificant (p-value < 0.0001) decrease regarding LH, FSH
levels (—42.00%, —21.00%, respectively). Normal range in
follicular phase for LH is 1.5-8 uIU/mL and for FSH is
2.9-12 plU/mL.

Correlation between total and free testosterone se-
rum levels after metformin treatment with BMI measured
for women diagnosed with PCOS

Table 4 demonstrate the association between total tes-
tosterone, free testosterone serum level after metformin
treatment, with BMI measured for each participant who
took part in the research. The current investigations
showed a non-significant negative correlation between
total testosterone, free testosterone serum level and
BMI scores after treatment (r = —0.054, p-value = 0.692;
r = —0.187, p-value = 0.170; respectively).

Table 2

Metformin’s effect testosterone concentration in PCOS patients
PCOS patients (N = 55)

Parameters
Before treatment

p-value

% of change
After 3-month treatment

Total testosterone level (ng/mL) 2.49+0.74 1.44£0.47 <0.0001* -42.00
Free testosterone level (ng/mL) 14.33+£2.73 10.53+£1.07 <0.0001* -26.00
Notes: values are presented as mean + SD; * — very highly significantly different compared to baseline within the same group (p < 0.001).
Table 3

Metformin’s effect on LH and FSH concentrations in PCOS patients
PCOS patients (N = 55)

Parameters p-value % of change
Before treatment After 3-month treatment

LH (plU/mL) 8.45+2.58 4.91+£0.27 <0.0001* -42.00

FSH (ulU/mL) 9.19+2.01 7.26+0.70 <0.0001* -21.00

Notes: values are presented as mean + SD; * — very highly significantly different compared to baseline within the same group (p < 0.001).
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Table 4

Metformin’s impact on hormonal balance: BMI-Testosterone correlations in PGOS patients

Total testosterone level after treatment

Variable

Free testosterone level after treatment

r p-value r

BMI -0.054

0.692

p-value

-0.187 0.170

Note: r — correlation coefficient.

PCOS is a multifactorial disorder distinguished by ex-
cess testosterone levels, irregular menstruation cycles, and
the presence of tiny cysts on one or both ovaries. The con-
dition can manifest as either morphological, characterized
by the presence of polycystic ovaries, or predominantly
biochemical, characterized by hyperandrogenemia. Hyper-
androgenism, a characteristic feature of PCOS, can lead
to the suppression of follicular development, the formation
of small cysts in the ovaries, the absence of ovulation, and
irregular menstrual cycles [10]. In the current research,
the mean age was 31.70 £ 7.79 years. Hirsutism was ob-
served in the entirety of the patient cohort (100.00%), this
results is consistent to various previous studies [17, 18].
Hirsutism severity is potentially mediated by variations
in 5Sa-reductase enzyme activity [12]. Additionally, the
comorbidity of obesity and PCOS perpetuates menstrual
dysregulation [19, 20]. In regard to the frequency of acne
occurrence in all patients with PCOS, this study revealed
that acne was more prevalent in patients with a frequency
of 67.00%, compared to patients without acne, who had a
frequency of 33.00%. This finding is consistent with the
research conducted by S. Mukkamala et al., which also
demonstrated that acne is the most common skin manifes-
tation in the PCOS population [21]. PCOS patients have
a cascade of skin abnormalities, such as hirsutism, acne,
seborrhea, and androgenetic alopecia, due to the overpro-
duction of androgens [22]. The current study demonstrated
that metformin treatment led to a significant decrease in
total testosterone levels in women with PCOS. Specifically,
the levels decreased from 2.49 + 0.74 to 1.44 + 0.47 ng/
mL. This finding aligns with a previous study by D. Kur-
zthaler et al., which also observed a decrease in testosterone
and androgen levels after three months of metformin treat-
ment in women with PCOS [23]. In the present research,
we report initial findings suggesting that the drug’s ability
to reduce androgen and testosterone production may occur
even more quickly, potentially within a few days. Due to
the prevalence of hyperandrogenemia among patients par-
ticipated in the current study, we cannot guarantee that
our findings can be applied to normoandrogenemic women
with PCOS who may not experience similar improvements.
Despite the limited number of patients in this investigation,
our sample size calculation was designed to detect within-
group differences, with each subject serving as their own
control. M. F. Sanoee et al. conducted a study to assess the

impact of metformin therapy for three months (1500 mg/
day) on clinical and hormonal measures in a cohort of wom-
en with PCOS [24]. The results showed that metformin
dramatically decreased testosterone levels [24] in consistent
with present study result.

Inquiring about the impact of metformin on LH and
FSH levels in women diagnosed with PCOS. A. Ulloa-
Aguirre et al. conducted a study showing that in a specific
group of women with PCOS, the treatment of metformin
for a duration of 3 months resulted in a reduction in LH
secretion [25], this finding partially aligns with the results
of the current study, which also observed a significant
reduction in LH levels after three months of treatment.
However, the current study found a significant reduction
in FSH levels following metformin treatment. A study
conducted in Iraq by L. Baqer et al. found that metformin
decreased the average serum levels of LH and FSH fol-
lowing treatment, although the reduction did not reach a
statistically significant level. This finding is inconsistent
with the results of the current research, which showed a
significant decrease in FSH levels [26]. The study found
no significant correlation between total testosterone, free
testosterone serum levels, and BMI scores after metformin
treatment. Conversely, a study by R. Pasquali et al. re-
ported a significant negative correlation between testos-
terone levels and BMI in patients [27].

CONCLUSIONS

The findings of our study have limited generalizabili-
ty, and it is important to consider these limitations. The
study is restricted by its small sample size. The study’s
duration may be too short to capture long-term outcomes.
Metformin treatment of PCOS induced a significant re-
duction in serum LH, FSH and Testosterone levels in the
PCOS patients after a 3-month treatment duration.
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