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Polycystic ovary syndrome

The history of PCOS dates back to 1721, when Vallisneri, an Italian scientist, described a married,
infertile woman with shiny ovaries with a white surface, and the size of pigeon eggs. However, it was
not until 1935 that the term "Stein-Leventhal Syndrome" or "Polycystic Ovary Syndrome" (PCOS)

was first used by American gynecologists Irving F. Stein and Michael L. Leventhal in a landmark medical
journal article that describe a specific group of symptoms in women that has led to better understanding
of PCOS as an endocrine disorder with effects beyond fertility.

The idea that PCOS is only a problem for overweight and obese women or that PCOS patients are obese.
Our patients must know PCOS can affect people of all body sizes and that many with PCOS are of
average weight or even thin. The fact that PCOS patients always have irregular menstrual periods is
again not true because there are four phenotypes (types) of PCOS. One of these phenotypes has regular
menstrual periods because they ovulate. Other misconceptions that are not factual include the fact that
PCOS: is caused by a specific type of diet or lifestyle, causes infertility given that many women with PCOS
can conceive naturally or with fertility treatments; all women with PCOS have unwanted hair growth and
acne because some may not experience these symptoms despite increase level of male hormones
characteristic of PCOS in their blood and lastly having PCOS means women have cysts in your ovaries.
These so-called “cysts” are called follicles, contain a single egg, and vary in size from less than 10 mm
(the eggs within them are immature) when first recruited to 18 — 24 mm (contain a mature egg) at the
time of ovulation. At the beginning of each menstrual cycle, women without PCOS recruit about 10 -20
follicles, while those with PCOS recruit more than or equal to 25 follicles. These follicles are best
observed by performing a transvaginal pelvic ultrasound in the early phase of the menstrual cycle,
usually between days 2 — 5 from the start of the period. Given that PCO-like ovaries and indeed

irregular periods are not uncommon in teenagers, a diagnosis of PCOS shouldn't be made until late
teenage years.
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Basic science animal research discovered that the ovary's solid tissue at the center of the ovary (called
stroma) is the source of male-type hormones, called androgens, predominantly testosterone. These
androgens are not only produced in the ovaries but also in the adrenal glands (located on top of each
kidney), which produce testosterone and dehydroepiandrosterone Sulfate (DHEAS). These androgens
are the cause of excessive hair growth (known as hirsutism) and acne in some but not all PCOS patients.
In the early days, an effort to reduce hirsutism in areas of a woman’s body where it was usually only
observed in men, surgery to remove some of the solid portion of the ovaries was performed. This is
called a ‘Wedge Resection’ of the ovary. This treatment would often result in the temporary resumption
of more regular menstrual cycles, ovulation, and improved fertility, but was less effective in reducing the
excess hair growth. These hormones can readily be measured in blood, and although total testosterone
is often measured, free testosterone is considered a more sensitive indicator of androgen excess. We
measure testosterone between 7 a.m. and 10 a.m. because the levels are highest. We also routinely
measure a hormone called 17-hydroxy progesterone (17-OHP) produced in excessive amounts by the
adrenal gland in a genetic condition called congenital adrenal hyperplasia (CAH) that presents with the
same symptoms as PCOS. Whereas PCOS women present with high cortisol/insulin resistance, those
with CAH present with low cortisol and aldosterone, another hormone produced by the adrenal glands.

How is polycystic ovary syndrome diagnosed?

The diagnostic criteria for PCOS have evolved over the years. What is known is that patients with PCOS
can have 1. Clinical evidence (hirsutism and acne) and or high blood levels of male hormones
(biochemical high hyperandrogenemia). 2. Prolonged period of lack of ovulation (chronic anovulation)
that presents as irregular or missed menstrual periods or a long time between periods (typically < 6
cycles per year), and 3. On ultrasound, one or both ovaries have a polycystic-like appearance (PCO-like
ovaries). In 1990, the National Institutes of Health (NIH) first attempted to determine what constitutes
PCOS, stating that only the first two criteria are needed to make the diagnosis. This was followed by an
expert consensus conference sponsored by the European Society of Human Reproduction and
Embryology (ESHRE) and the American Society for Reproductive Medicine (ASRM) in Rotterdam,
Netherlands in 2003 that added the third criterion and stated that any two of the three criteria could be
used to make the diagnosis because it was universally accepted that the Rotterdam criteria included
milder phenotypes that increased the number of people diagnosed (prevalence) with PCOS, the
Androgen Excess Society (AES) in 2006 recognized hyperandrogenism as a necessary diagnostic factor,
which in combination with one of the two remaining criteria constitutes PCOS. This has led to four
different phenotypes (types) of PCOS, namely

1. Phenotype A in which PCOS women have all three criteria, namely prolonged lack of ovulation
(Chronic anovulation) and skin (hirsutism, acne, male-type baldness [alopecia], and velvety dark
skin at the back of the neck and armpit), and or blood evidence of high male hormone
(hyperandrogenemia), and PCO-like ovaries.



Alopecia areata

Acanthosis Nigrican

Phenotype B. Women have chronic anovulation and hyperandrogenemia only

Phenotype C. Women have hyperandrogenemia and PCO-like ovaries but regular menstrual
periods and thus ovulate.

Phenotype D. Women do not ovulate and have PCO-like ovaries but do not have

hyperandrogenemia.

For the diagnosis of PCOS, it is recommended that other conditions that can cause hyperandrogenism be
ruled out. These conditions include:

1.
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Adult-onset congenital adrenal hyperplasia, characterized by high 17-hydroxyprogesterone due
to 21-hydroxylase deficiency.

High prolactin (the hormone that is necessary for lactation) level, termed hyperprolactinemia
Thyroid disorders

Cushion Syndrome

Androgen-secreting tumors (neoplasms)

What risks do women with PCOS have?

1.

Infertility, because women who have three of the four phenotypes (A, B, and D) do not ovulate
at least regularly, may present with infertility.

Insulin resistance: The pancreas is an organ in the abdomen that contains special cells (called
beta cells) that produce insulin, which helps maintain normal blood sugar levels. Tissues in some
women with PCOS are resistant to insulin's function, which is intended to help transport glucose
into cells, where it is used for energy production.

a. Prediabetes and type 2 diabetes: Insulin resistance results in a tendency for excess
levels of glucose to accumulate in the blood and a genetically created vulnerability or
risk of developing prediabetes and type two diabetes when the insulin produced though
high is not enough to keep the blood glucose (sugar) level in the normal range. This is
more likely in obese women with PCOS, increased insulin production stimulates
increased androgen production in fat cells, and increased aromatase enzymes (the
enzymes that convert androgens to estrogen).

b. The high insulin in PCOS women with hyperinsulinemia stimulates the skin to become
thicker and darker, particularly at our natural skin folds on the neck, armpits, groin, and



breast line. This darkening and thickening of skin is called ‘acanthosis nigricans’- a sign
of abnormally elevated insulin levels due to insulin resistance.

c. The hyperinsulinemia also stimulates cells in the solid part of the ovary (the stroma) to
produce excess male hormones, including testosterone, thereby promoting ovulation
dysfunction and PCOS

Endometrial hyperplasia and endometrial cancer. When women do not ovulate, this interrupts
the usual hormone cycle and causes the lining of the uterus to be exposed to constant levels of
high estrogen without progesterone (produced after ovulation), since progesterone levels
increase with ovulation. This can encourage the lining to become too thick and may lead to pre-
cancerous changes or cancer of the lining of the uterus (endometrial cancer).

How do we evaluate a female suspected of having or have polycystic ovary syndrome (PCOS)

1.

2.

We perform a physical examination
a. Measure Blood pressure
b. We calculate the woman’s body mass index (BMI, weight in kilograms divided by height
in meters squared)
c. We measure her waist circumference to determine body fat distribution. A value greater
than 35 inches is abnormal
d. We look for and record the presence of stigmata of hyperandrogenism and insulin
resistance, such as acne, hirsutism, androgenic alopecia, and acanthosis nigricans
We perform the following laboratory tests
a. Documentation of biochemical hyperandrogenism: we take blood to measure Total
testosterone and sex hormone-binding globulin, or bioavailable and free testosterone
b. We take blood to exclude other causes of hyperandrogenism. These tests are best done
in the morning and, in some cases, in the early part of the menstrual cycle.
i. Thyroid dysfunction - thyroid-stimulating hormone (TSH) and free thyroxine
(FreeT4) levels

ii. Hyperprolactinemia — prolactin

iii. Nonclassical congenital adrenal hyperplasia due to 21-hydroxylase deficiency —
17 hydroxyprogesterone (17-OHP)

iv. Cushing syndrome - random normal level or morning fasting level, followed by a
twenty-four-hour urinary free-cortisol excretion test or a low—dose
dexamethasone suppression if further testing is required

We evaluate for the presence of metabolic abnormalities

a. Two-hour oral glucose tolerance test, fasting, and 2-hour insulin levels

b. Fasting lipid and lipoprotein level (total cholesterol, high-density lipoproteins,

triglycerides, and low-density lipoproteins

Ultrasound Examination performed in the early phase of the menstrual cycle (Days 2 —5)
Initially, women are said to have polycystic ovaries when in one or both ovaries, there are 12 or
more small, fluid-filled sacs (called antral follicles) measuring less than 10 mm in diameter, or
increased ovarian volume (greater than 10 cm?). Because the follicle count of 12 led to
overdiagnosis of PCOS, the threshold has not been raised to = 20

How is Polycystic Ovary Syndrome Managed at Michigan Fertility Services
This will depend on the woman's primary concern, and for a reproductive endocrinologist and infertility
specialist like Dr. Awonuga, this may not necessarily be infertility.



Management is divided into two parts

1.

2.

Ensuring women with PCOS are in good and optimal health, either before getting pregnant or
reducing long-term risk associated with PCOS
Management of subfertility in women with PCOS.

Management to ensure optimum health

At Michigan Fertility Services, we encourage and emphasize lifestyle changes (e.g., healthy low
carbohydrate, low fat, particularly saturated fat and high protein and high fiber diet, regular
exercise, cessation of smoking and alcohol consumption. These do several things in women with
PCOS.

1.

This would help the client achieve a healthy weight. Achieving a BMI as close to the ideal (19 to
25) is associated with better chances of conception and a healthier pregnancy.

It can help lower elevated lipids, such as high total cholesterol, triglycerides, and low high-
density lipoproteins, as seen in some women with PCOS.

Weight loss also increases serum hormone-binding globulin, which helps bind male hormones
(androgens) in PCOS women. This helps reduce free androgen levels in PCOS and decreases
androgen stimulation of hair and skin.

Weight loss also improves ovulatory function in PCOS women, thereby increasing conception
rates and possibly decreasing the risk of miscarriage.

Occasionally, some PCOS women may need to have bariatric Surgery, especially when dietary
measures have failed in those who are excessively obese. These patients should be aware that
they will not be able to embark on pregnancy until 18 months after surgery.

Use of Metformin. Metformin, termed an ‘insulin sensitizer’, increases glucose receptor (a
molecule in or on the surface of a cell that binds to a specific substance and causes a specific
effect or action in the cell) sensitivity to insulin and will increase glucose absorption from the
gastrointestinal tract and uptake by the liver. This allows for better overall blood glucose
control, avoiding the hills and valleys of blood sugar levels. Because insulin also stimulates the
ovaries to produce androgens, decreasing insulin levels by this medication will further decrease
androgen production, making it easy for women to respond to ovulation induction medications.
Dr. Awonuga does not routinely prescribe Metformin to PCOS women. He does this only in
those who have been proven to be insulin resistant based on the results of a 2-hour glucose
tolerance test and insulin levels, not based on hemoglobin A1C (HbAlc is a blood test that
determines average blood sugar [glucose] level over the previous 2 — 3 months) levels alone.
Metformin, in combination with dieting and exercise, would be additive in controlling PCOS
women’s glycemic dynamics.

Some women will already have type 2 diabetes when they show up at MFS. Type 2 diabetes,
also termed non-insulin dependent diabetes mellitus (NIDDM), may be due to the pancreas (an
organ on top of both kidneys) not producing enough insulin or due to the amount of insulin
being produced not being enough to counter the prevailing insulin resistance (IR) in PCOS and
obese patients. Even in this group of women, the initial treatment is with diet and exercise.
While metformin is the initial drug of choice in mild NIDDM resulting from IR, Glyburide would



be better for those resulting from “pancreatic insufficiency.” It should be noted that the now
popular glucagon-like peptide-1 (GLP-1) agonist, like tirzepatide (Monjaro) and semaglutide
(Ozempic), are not yet approved for pregnant women and therefore not currently offered to
subfertile women wanting to get pregnant at MFS. This may change in the future, given the
result of a multicenter prospective study that compared women who were unintentionally
exposed to this medication during the first trimester of their pregnancy with those who were
not. This study found that the medication is not associated with the risk of major birth defects,
with no difference in miscarriage and livebirth rate. (Dao K et al., BMJ Open.
2024;14(4):e083550). When oral medication is ineffective, women with type 2 diabetes and all
who have type 1 diabetes will need insulin to control their blood sugar. We recommend strict
control of diabetes before pregnancy to decrease associated pregnancy complications,
preferring such women’s HbA1lc to be as close to 6% but < 6.5%.

In Conclusion:
e Metabolic syndrome is an epidemic in the United States.

e PCOS is an expression of metabolic syndrome and is similarly associated with families of genes
that contribute to type 2 diabetes mellitus and cardiovascular diseases, including hypertension
and lipid disorders. Women with PCOS are at risk for these disorders throughout their lifetime
and during pregnancy, such as gestational diabetes and pre-eclampsia. To reduce these risks, a
low-carbohydrate diet and exercise are essential. Metformin may be considered based on the
desire for fertility or the manifestations of metabolic syndrome.

¢ How well a woman maintains a balanced diet and weight during pregnancy affects her unborn
child. The environment in which the fetus develops, including the food women eat, impacts their
child’s risks for obesity, sugar metabolism, and lipid metabolism disorders starting from
childhood and continuing throughout their lives. Just as cigarette smoking and alcohol
consumption during pregnancy can harm the baby, excess carbohydrate intake, poorly
controlled metabolic syndrome, and obesity during pregnancy can also pose risks.

There is hope for living a full and fruitful life with polycystic ovary syndrome. Understanding the
causes and how they can affect one’s health empowers us to create an innovative and effective
treatment strategy.



