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Background

Adolescence plays a crucial role in an individual's growth and development. During this period,
young women experience significant physical and hormonal changes."* Adolescent health is crucial
because it forms the foundation of health throughout adulthood and into old age.>* In young
adulthood, young women reach their peak reproductive potential, and maintaining general and
reproductive health is crucial during this phase. 5 A healthy lifestyle during adolescence
encompasses all aspects, including nutritional intake, physical activity, and stress management.?™
Within a few years of menarche, young women generally experience irregular menstrual cycles.®
This is a physiological process, but it is important to note that it can be associated with an increased
risk of polycystic ovary syndrome and other ovarian dysfunctions. A normal menstrual cycle lasts
between 21 and 35 days and can vary from person to person.”® Various factors can impact the
menstrual cycle, including nutrition, ethnicity, age at menarche, physical activity, body mass index,
and hormonal status. Menstrual cycle irregularities can include oligomenorrhea, polymenorrhea, or
amenorrhea. These menstrual irregularities can increase with pregnancy, infection, malignancy,
trauma, hormonal disorders, emotional stress, excessive physical activity or exercise, and poor
dietary intake.®

The manifestation of menstrual cycle disorders in adolescents is most often caused by
polycystic ovary syndrome, or better known as PCOS (Polycystic Ovarian Syndrome).”® In 2021, the
prevalence of PCOS cases was around 10,490,358.0 (95% Ul: 7,423,407.5 — 14,808,757.1) in East Asia
and 10,520,027.7 (95% Ul: 7,378,813.9 - 14,809,823.5) in Southeast Asia. The prevalence rate of
PCOS, based on age-standardized prevalence rates (ASPR), in East Asia and Southeast Asia is 1548.4
per 100,000 (95% Ul: 1085.5 — 2170.7) and 28242.7 per 100,000 (95% Ul: 1993.2 — 3997.5),
respectively.? Based on the ASPR picture, it shows that the PCOS trend tends to increase in the
period 1990 to 2021. The burden of PCOS varies across countries, but the trend will continue to
increasein 2031.° The prevalence of PCOS in adolescents is estimated at around 6-10%, but this figure
continues to increase along with changes in lifestyle, especially sedentary lifestyles and the
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increasing prevalence of obesity in adolescents.'" High-calorie diets, excessive intake of simple
sugars, lack of physical activity, and psychological stress are factors that can contribute to the
emergence and development of PCOS in adolescents.’"

In recent years, various hypotheses have been proposed regarding the pathophysiology of
PCOS.®" This syndrome reflects the interaction of various proteins and genes influenced by
epigenetic and environmental factors, which develops in early puberty and is characterized by
excessive secretion of ovarian and/or adrenal androgens.” Intrinsic ovarian factors, such as
impaired steroidogenesis, and external ovarian factors, such as hyperinsulinemia, contribute to the
excessive production of ovarian androgens.” Distorted interactions among endocrine, paracrine,
and autocrine factors responsible for ovarian follicle maturation also contribute to the ovarian
dysregulation that causes PCOS.”™

Under normal conditions, only one follicle will mature and be ovulated during the interaction
process of follicle growth.™ At birth, there are approximately 2-3 million ovarian primordial follicles,
lower than the approximately 6-7 million follicles in the mid-gestation period.” The regulation of
the rate and period at which new primordial follicles are added to the reserve pool is crucial for
maintaining fertility and the ovarian reserve since follicles are constantly withdrawn from this
reserve pool.B The status of active and dormant follicles is in a dynamic equilibrium. Anti-Mullerian
Hormone (AMH), Follicle-Stimulating Hormone (FSH), and androgens are in an imbalance in PCOS,
causing follicular arrest.>® Theca cells produce androgens when luteinizing hormone (LH) levels
are high, but when FSH levels are low and androgens cannot be converted to estradiol, no
dominant follicle is selected, resulting in a long period of anovulation.™* This equilibrium is tightly
regulated by the hormone AMH, produced by granulosa cells, which prevents primordial follicles
from maturing into primary follicles.’>' From this perspective, PCOS is characterized by an increase
in the size of small follicles, followed by growth inhibition, resulting in a unique polycystic
appearance.’>>'® AMH is essentially a transforming growth factor type Beta (TGF-B)."*""® Because
AMH regulates follicle growth, it is considered a marker of ovarian reserve. 7 The higher the plasma
concentration of AMH, the more likely it is to induce ovarian reserve. indicates the severity of
PCOS."78

Hyperandrogenism is a multifactorial pathology in PCOS influenced by a combination of
environmental and hereditary elements.”® This condition results from an imbalance in the
Hypothalamic-Pituitary-Ovarian axis signaling process that leads to excessive secretion of
luteinizing hormone and insulin. When clinical signs of hirsutism are unclear or absent, biochemical
assessment of hyperandrogenism is essential for diagnosing PCOS."™" Insulin plays a major role in
glucose homeostasis and lipogenesis.™ Insulin resistance plays a significant role in the development
and progression of PCOS. Insulin resistance is caused by defects in the insulin receptor, resulting
from excessive serine phosphorylation and decreased tyrosine phosphorylation, leading to
decreased insulin activation of the phosphatidylinositol-3-kinase signaling pathway that regulates
glucose transport and, consequently, increases glucose levels.”®2°?" Increased insulin secretion
directly triggers the pituitary gland to release luteinizing hormone, which in turn triggers androgen
secretion and influences the growth and development of ovarian follicles. Both increased insulin
and androgen levels will inhibit the secretion of sex hormone-binding globulin (SHBG), which leads
to an increase in free bioactive androgens. '
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Establishing a diagnosis of PCOS is not an easy task for clinicians. The consensus that is still the
reference for establishing a diagnosis of PCOS is the Rotterdam Consensus of 2003."*"7 The
diagnosis of PCOS is established if 2 of the following 3 criteria are found: (1) oligomenorrhea and/or
anovulation (OA); (2) hyperandrogenism (HA), which is defined as hirsutism (Ferriman-Gallwey/FG
Index score >5); (3) identification of polycystic ovary (PCOM) morphology using ultrasonography
where there are at least 12 follicles with a diameter of 2-9gmm per ovary and/or increased ovarian
volume (minimum 10mm3)."#'*-'® Based on these criteria, patients with PCOS can be classified into
four phenotypic groups: phenotype-1 (OA+HA+PCOM), phenotype-2 (OA+HA), phenotype-3
(PCOM+HA), and phenotype-4 (OA+PCOM)."#'®7"9 Based on the International Evidence-Based
Guideline for the Assessment and Management of PCOS, the diagnosis of PCOS in adolescents must
be done carefully because some physiological characteristics of puberty resemble PCOS. There are
2 criteria that can be used, the first is clinical or biochemical hyperandrogenism (eg, acne, hirsutism,
or increased testosterone levels). The second criterion is persistent ovulatory disorders (cycles >90
days in the first year after menarche or <8 cycles per year in the three years after menarche).
Polycystic ovarian morphology on ultrasonography is not recommended as a diagnostic criterion,
although it can be found in adolescents with PCOS.*>*4

Approximately 23% of women with PCOS have metabolic syndrome, primarily phenotype 1,
followed by phenotypes 4, 2, and 3. The highest AMH levels were found in women with PCOS
phenotype 1(13.92 ng/ml), and this level is the highest compared to other phenotypes. Women with
PCOS are associated with dyslipidemia, as high androgen levels increase the risk of atherosclerosis.
AMH levels also correlate with metabolic syndrome markers such as HDL and triglyceride levels."”

There is a correlation between the incidence of PCOS in adolescents and a family history of
PCOS. The pathophysiology of PCOS, which is related to its genetic component, accounts for
approximately 10% of all cases. A family history of obesity is also correlated with the incidence of
PCOS.25 Obesity carries arisk of irregular menstrual cycles and inhibited ovarian follicle maturation.
Obesity also triggers insulin resistance, which often leads to PCOS. Approximately 50-70% of women
with PCOS and 95% of obese women with PCOS have insulin resistance. Obesity and insulin
resistance increase the release of pro-inflammatory cytokines, including high-sensitivity CRP (hs-
CRP), IL-6, 1L-18, and tumor necrosis factor alpha (TNF-a), in women with PCOS. Increased pro-
inflammatory cytokines also reduce the sensitivity of pancreatic beta cells to elevated blood
glucose levels.?>2¢

The pathophysiology of PCOS in adolescent girls needs to be addressed not only by clinical
colleagues but also by adolescents and their parents to raise awareness. It is hoped that by creating
awareness and understanding, preventive efforts for PCOS among adolescent girls can be more
optimal.

PCOS in adolescents in Indonesia is a reproductive health challenge that requires a holistic,
lifestyle-based approach. Education on nutrition, physical activity, and mental health should be part
of the national adolescent health strategy. Early lifestyle-based interventions not only improve
PCOS symptoms but also prevent long-term complications such as infertility and metabolic
syndrome.
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Background

Adolescence plays a crucial role in an individual's growth and development. During this period,
young women experience significant physical and hormonal changes."* Adolescent health is crucial
because it forms the foundation of health throughout adulthood and into old age.** In young
adulthood, young women reach their peak reproductive potential, and maintaining general and
reproductive health is crucial during this phase. 5 A healthy lifestyle during adolescence
encompasses all aspects, including nutritional intake, physical activity, and stress management.*>
Within a few years of menarche, ng women generally experience irregular menstrual cycles.®
This is a physiological process, but itisimportant to note that itcanb ociated with an increased
risk of polycystic ovary syndrome and other ovarian dysfunctions. A normal menstrual cycle lasts
between 21 and 35 days and can vary from person to person@/ariaus factors can impact the
menstrual cycle, including nutrition, ethnicity, age at menarche, physical activity, body mass index,
and hormonal status. Menstrual cycle irregularities caninclude ofigemenorrhea, polymenorrhea, or
amenorrhea. These menstrual iregularities can increase with pregnancy, infection, malignancy,
trauma, hormonal disorders, emotional stress, excessive physical activity or exercise, and poor
dietary intake.®

The manifestation of menstrual cycle disorders in adolescents is most often caused by
squcystic ovary syndrome, or better known as PCOS (Polycystic Ovarian Syndrome).”® In 2021, the
prevalence of PCOS cases was around 10,490,358.0 (95% Ul: 7,423,407.5 - 14,808,757.1) in East Asia
and 10,520,027.7 (95% Ul: 7,378,813.9 — 14,809,8235) in Southeast Asia. The prevalence rate of
PCOS, based on age-standardized prevalence rates (ASPR), in East Asia and SoutheastAsia is 1548.4
per 100,000 (95% Ul: 1085.5 - 2170.7) and 28242.7 per 100,000 (95% Ul: 1993.2 - 3997.5),
respectively.” Based on the ASPR picture, it shows that the PCOS trend tends to increase in the
period 1990 to 2021. The burden of PCOS varies across countries, but the trend will continue to
increase in 2031.9 The prevalence of PCOS in adolescents is estimated at around 6-10%, but this figure
continues to increase along with changes in lifestyle, especially sedentary lifestyles and the
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increasing prevalence of obesity in adolescents.'™" High-calor'mliets, excessive intake of simple
sugars, lack of physical activity, and psychological stress are factors that can contribute to the
emeﬁnce and development of PCOS in adolescents.” ™

n recent years, various hypotheses have been proposed regarding the pathophysiology of
PCOS.”" This syndrome reflects the interaction of various proteins and genes influenced by
epigenetic and environmental factors, which develops in early puberty and is characterized by
excessive secretion of ovarian and/or adrenal androgens.” Intrinsic ovarian factors, such as
impaired steroidogenesis, and external ovariagfiactors, such as hy perinsulinemia, contribute to the
excessive production of ovarian 3r*n:|rr:|gen5.‘3'ga
and autocrine factors responsible for ovarian follicle maturation also contribute to the ovarian
dysregulation that causes PCOS." ™

istorted interactions among endocrine, paracrine,

Under normal conditions, only one follicle will mature and be ovulated during the interaction
process of follicle growth." At birth, there are approximately 2-3 million ovarian primordial follicles,
lower than the approximately 6-7 million follicles in the mid-gestation period.” The regulation of
the rate and period at which new primordial follicles are added to the reserve pool is crucial for
maintaining fertility and the ovarian reserve since follicles are constantly withdrggn from this
reserve pool.” The status of active and dormant folliclesisin a dynamic equilibrium. Anti-Mullerian
Hormone (AMH), Follicle-Stimulating Hormone (FSH), and androgens are in an imbalance in PCOS,
causing follicular arrest.'*"® Theca cells produce androgens when luteinizing hormone (LH) levels
are high, but when FSH levels are low and androgens cannot be converted to estradiol, no
dominant follicle is selected, resulting in a long period of anovulation.”* This equilibrium is tightly
regulated by the hormone AMH, produced by granulosa cellgyvhich prevents primordial follicles
from maturing into primary follicles.™" From this perspective, PCOS is characterized by an increase
in the size of small follicles, followed by growth inhibition, resulting in a unique polycystic
appearance.™'5'® AMH is essentially a transforming growth factor type Beta (TGF-B)."*"® Because
AMH regulates follicle growth, it is considered a marker of ovarianreserve.  The higher the plasma
concentration of AMH, the more likely it is to induce ovarian reserve. indicates the severity of
PCOS."8

Hyperandrogenism is a multifactorial pathology in PCOS influenced a combination of
environmental and hereditary elements.’® This condition results from an imbalance in the
Hypothalamic-Pituitary-Ovarian axis signaling process that leads to excessive secretion of
luteinizing hormane and insulin. When dinical signs of hirsutism are unclear or absent, biochemical
assessment of hyperandrogenism is esgantial for diagnosing PCOS.™ Insulin plays a major role in
glucose homeostasis and lipogenesis.” Insulinresistance plays a significantroleinthe development
and progression ﬂ PCOS. Insulin resistance is caused by defects in the insulin receptor, resulting
from excessive serine phosphorylation and decreased tyrosine phosphorylation, leading to
decreased insulin activation of the phosphatidylinositol-3-kinase signaling pathway that regulates
glucose transport and, consequently, increases glucose levels.'82°?" Increased insulinggecretion
directly triggers the pituitary gland to release luteinizing hormone, whichin turn triggers androgen
secretion and influences the growth and development of ovarian follicles. Both increased insulin
and androgen levels will inhibit the secretion of sex hormone-binding globulin (SHBC), which leads
to an increase in free bioactive androgens.”™*
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Establishing a diagnosis of PCOS is not an easy task for clinicians. The consensus that is still the
reference for establishing a diagnggis of PCOS is the Rotterdam Consensus of 2003.*™" The
diagnosis of PCOS is established if 2 of the following 3 criteria are found: (1) oligomenorrhea andfor
anovulation (OA); (2) hyperandrogenism (HA), which is defined as hirsutism (Ferriman-Gallwey/FG
Index gmpre >5); (3) identification of polycystic ovary (PCOM) morphology using ultrasonography
whereﬁere are at least 12 follicles with a diameter of 2-9mm per ovary and/ar increased ovarian
volume (minimum 1omm3)."*~'8 Based on these criteria, patients with PCOS can be classified into
four phenotypic groups: phenotype-1 (OA+HA+PCOM), phamptype-2 (OA+HA), phenotype-3
(PCOM+HA), and phenotype-4 (OA+PCOM)."#"%719 Based onﬁe International Evidence-Based
Guideline forthe Assessment and Management of PCOS, the diagnosis of PCOS in adolescents must
be done carefully because some physiological characteristics of puberty resemble PCOS. There are
2 criteria that can be used, the first is clinical or biochemical hyperandrogenism (eg, acne, hirsuti
orincreased testosterone levels). The seco@:riterinn is persistent ovulatory disorders (cycles E
days in the first year after menarche or <8 cycles per year in the three years after menarche).
Polycystic ovarian morphology on ultrasonography is not recommended as a diagnostic criterion,
although it can be found in adolescents with PCOS.2*72

Approximately 23% of women with PCOS have metabolic syndrome, primarily phenotype 1,
followed by phenotypes 4, 2, and 3. The highest AMH levels were found in women with PCOS
phenotype1(13.92 ng/ml), and this level is the highest compared to other phenotypes. Women with
PCOS are associated with dyslipidemia, as high androgen levels increase the risk of atherosclerosis.
AMH levels also correlate with metabolic syndrome markers such as HDL and triglyceride levels.”

There is a carrelation between the incidence of PCOS | adolescents and a family history of
PCOS. The pathophysiology of PCOS, which is related to its genetic component, accounts for
approximately 10% of all cases. A family history of obesity is also correlated with the incidence of
PCOS.35 Obesity carries arisk of irregular menstrual cycles and inhibited ovarian follicle uration.
Obesity also triggers insulinresistance, which often leads to PCOS. Approximately 50-70% 0T women
with PCOS and 95% of obese women with PCOS have insulin resistargag. Obesity and insulin
resistance increase the release of pro-inflammatory cytokines, includingEh-sensitivity CRP (hs-
CRP), IL-6, IL-18, and tumor necrosis factor alpha (TNF-a), in women with PCOS. Increased pro-
inflammatory cytokines also reduce the sensitivity of pancreatic beta cells to elevated blood

glucose levels.?>*

The pathophysiologyoq PCOS in adolescent girls needs to be addressed not only by clinical
colleagues but alsoby adolescents and their parentsto raise awareness. It is hoped that by creating
awareness and understanding, preventive efforts for PCOS among adolescent girls can be more
optimal.

PCOS in adolescents in Indonesia is a reproductive health challenge that requires a holistic,
lifestyle-based approach. Education on nutrition, physical activity, and mental health should be part
of the national adolescent health strategy. Early lifestyle-based interventions not only improve
PCOS symptoms but also prevent long-term complications such as infertility and metabolic
syndrome.
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