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Dear Friends,

I am delighted to welcome you to the pages of my new book! Your interest in this topic is crucial, as understanding hormones is not just a personal journey, but a collective one. If the title caught your attention, you’ve already guessed that this work is dedicated to hormones — especially their profound impact on women’s lives.

Why a book about hormones? Hasn’t enough already been written and said on the topic? You’re right! Hormones have been the subject of hundreds of articles, books, and films. However, amidst this wealth of information, there is a need for clarity. The topic of hormones remains not only relevant but also highly popular. However, this widespread attention has led to a flood of misinformation — rumors, myths, and even the misuse of hormones despite their potential side effects.

Hormones play a crucial role in human health, but their influence is even more pronounced for women. Hormonal fluctuations occur not only with age but also during pregnancy, breastfeeding, and the use of hormonal contraceptives, all of which can significantly impact a woman’s well-being. This book focuses on the intricate relationship between hormones and women’s health.

Are hormones our allies or adversaries? Which ones pose risks, and which are essential for balance? How many hormones does the human body produce? What does it mean when a hormone level is “high” or “low,” and should it permanently be corrected? Can diet influence hormone levels? Should hormones be taken during pregnancy? Is there a link between hormones and cancer?

These are just a few pressing questions I will answer in the pages ahead. I am excited to embark on this journey with you, to separate fact from fiction and explore the fascinating world of hormones together.

Happy reading!
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Chapter 1: Introduction to Hormones
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Imagine the impact of a single word, spoken for the first time in 1905, that completely transformed our understanding of the human body. That word, as you might have guessed, is 'hormone '.

On July 20, 1905, a group of brilliant minds, including English physiologist Ernest Starling, a professor at the University of London, came together to publicly introduce the term 'hormone '. This word, derived from the Greek meaning 'to excite or to stimulate ', emerged during a lunchtime discussion in Cambridge, where these pioneers debated how to describe certain mysterious substances already recognized by chemists and physicians.

This conversation sparked a new way of thinking about bodily functions, leading Starling to describe these chemical messengers in his landmark lecture, "Chemical Control of Body Functioning." He explained that these substances were produced by one organ, traveled through the bloodstream, and influenced target organs elsewhere in the body. Though he wasn't referring to any specific hormone then, his definition paved the way for groundbreaking research.

The first hormone had been discovered a decade earlier. In 1894, English researchers George Oliver and Edward Schäfer, along with Polish physiologist Napoleon Cybulski, independently identified a substance now known as epinephrine (adrenaline). This hormone, originally described as 'the primary substance of the adrenal glands that increases blood pressure,' plays a crucial role in the body's fight-or-flight response. Jokichi Takamine, an American scientist of Japanese origin, later determined its chemical structure. This marked the true beginning of hormone research and the rise of endocrinology.

Following adrenaline, other hormones were identified, including secretin, thyroxine, and insulin. By 1923, four hormones had been formally recognized, laying the foundation for the expanding study of hormonal science.

Even today, over a century of research later, we are still uncovering new complexities about these powerful chemical messengers. While we have unraveled much about their functions, hormones remain one of the most intricate and fascinating aspects of biology, challenging scientists with new discoveries and mysteries yet to be solved.

1.1.  What Hormones Are

Over a century ago, even without knowing the names of hormones or understanding their origins, quantities, or forms, scientists recognized their role as messengers —chemical signals that travel from one part of the body to another, regulating vital functions.

The concept of chemical messengers was not new in the early 20th century. As early as the 19th century, scientists had hypothesized the existence of substances that facilitated communication between cells and tissues in humans and animals. These ideas stemmed from experiments in which extracts from the thyroid, adrenal glands, testes, and pancreas of animals were introduced into humans, primarily as treatments for various illnesses. These extracts were often called "elixirs of life" or "youth tonics." When these treatments proved effective, researchers inferred that they contained substances missing in the patient's body — a concept that later formed the basis of hormonal deficiency disorders.

Historical observations of hormonal imbalance have been striking, though often made in vastly different contexts. One such example, deeply rooted in the past, comes from the 16th to 18th centuries when castrati singers gained widespread fame in European theaters. These were young boys, primarily from low-income families or orphans, who were sold into the possession of theaters and castrated before puberty to preserve their exceptionally high-pitched voices, often described as "angelic." The weight of this historical context is palpable, inviting us to explore the implications of this practice.

The absence of male sex hormones profoundly altered their development, resulting in elongated limbs, unusually developed ribcages, and a lack of typical male characteristics. This profound alteration, exemplified by the singers, underscores the significant impact of hormonal imbalance on human development. It provides early — albeit crude —evidence that specific organs produce substances capable of shaping physiology. One of the most renowned castrati, Farinelli, famously sang lullabies for the King of Spain. His portrait now hangs in Handel's house, a lasting reminder of this unusual historical practice.

Today, we know that the human body produces approximately 50 hormones. The list would be two to three times longer if we included their metabolites—compounds that retain some hormonal activity.

Based on their chemical structure, hormones are categorized into four main groups:


	Amines

	Proteins and Peptides (amino acid derivatives)

	Steroids (cholesterol derivatives)

	Fatty acid derivatives



In addition to natural hormones produced by the body, scientists have developed hundreds, if not thousands, of synthetic hormones that mimic natural hormonal activity. These artificial hormones, such as birth control pills, hormone replacement therapy drugs, and corticosteroids, are widely used in hormonal contraception, hormone replacement therapy, and treatments for various diseases, significantly expanding how hormones can be harnessed for medical purposes.

1.2. What Role Do Hormones Play?

There is virtually no organ, system, or essential biological process in the human body that functions independently of hormones. From metabolism, puberty, and reproduction to aging, adaptation, and survival, hormones govern nearly every aspect of life.

Since hormones have numerous and diverse effects, compiling a complete list of their influence on different organs and tissues would be extensive. Instead, we will examine each hormone individually to provide a clear understanding of its role in the body.

More precisely, hormones act through a complex network of direct and feedback communication between the endocrine glands, which produce them, and the nervous system, which regulates their release and function. Hormonal feedback is a crucial mechanism that helps maintain hormonal balance. The same hormone can have different effects depending on a person's age, physiological state, or health condition.

For example, prolactin:


	In pregnant women, it stimulates the mammary glands to produce milk.

	In non-pregnant women, high prolactin levels can inhibit the maturation of reproductive cells, affecting fertility.



Interestingly, the structure and function of hormones are nearly identical across most animals, though some variations exist. This underscores their fundamental role in the biological world, shaping human health and the development and survival of countless species.

1.3. Where Are Hormones Produced?

Hormones are primarily produced in endocrine glands. However, the term' endocrine gland' is somewhat conditional. For instance, if we look at the sequence of processes in the ovary, the first phase of the menstrual cycle is entirely focused on the maturation of the reproductive cell. During this period, most of the hormones produced by the ovary are used within the ovary itself, demonstrating its paracrine function. This means that the hormones produced by the ovary act locally, influencing the function of nearby cells or tissues, rather than being released into the bloodstream to act on distant cells.

In the second phase, the ovary's function shifts to endocrine activity, producing hormones necessary for the implantation of a fertilized egg and the development of pregnancy. At this stage, most of the hormones produced by the ovary enter the bloodstream and circulate throughout the body, primarily to support the uterus and mammary glands.

Thus, some organs that produce hormones utilize them both internally and systemically.

The most important endocrine glands include:


	The hypothalamic-pituitary system

	The thyroid gland

	The parathyroid glands

	The pancreas

	The adrenal glands

	The gonads (ovaries and testes)



The synthesis of any human hormone follows a specific natural sequence. First, signals are sent to the brain, indicating a deficiency of a particular hormone, typically from the tissues that rely on it. As the control center, the brain sends a signal to the pituitary gland, a small gland located at the base of the brain. This signal may pass through various structural units of the central nervous system before reaching the pituitary. The pituitary gland, often referred to as the 'master gland,' then produces hormones that stimulate other endocrine glands located on the periphery, far from the brain. Once they receive the command, these glands utilize raw materials delivered via the bloodstream to produce the required hormone. The hormone is then transported through the blood and other bodily fluids to the tissues that initially signaled the demand.

In other words, hormone production regulation resembles a consumer-producer relationship, managed by centralized control, with specific methods of transmitting information and transporting the "product." However, some systems exhibit a degree of autonomy from the hypothalamic-pituitary system.

1.4. How Are Hormones Absorbed?

The production and absorption of hormones occur in several stages. The glands that produce hormones always maintain a reserve supply, acting as storage units. This means that as long as an endocrine gland or tissue exists, the body will always have a certain level of hormones. Moreover, the production of the same hormone can occur in multiple parts of the body, not just in a single gland. This serves as a compensatory mechanism in case an endocrine gland is damaged, showcasing the body's remarkable adaptability. However, internal mechanisms cannot compensate for all gland functions.

The next stage is the transportation of hormones to target cells (target tissues or organs). Most hormones bind to proteins, traveling through the bloodstream in a bound form. This binding neutralizes their effects, preventing hormones from acting too aggressively or negatively on organs. We will delve deeper into this aspect when we cover steroid hormones, as hormone-binding proteins play a crucial role in regulating hormone effects.

Target cells have special receptors on their surface —essentially lock-and-key mechanisms — that recognize the hormone molecule as a "key." When a hormone binds to its receptor, it triggers a cellular response, prompting the cell to produce the necessary substances or reactions.

The amount of hormones produced in the human body is small, as are the ranges of their normal levels. However, the reference values laboratories use to assess hormone levels are based on statistical averages, representing most people in a specific region. When interpreting these values, it is also important to consider age, pregnancy, and individual health conditions. This emphasis on individual health conditions empowers individuals to take control of their health, as hormonal norms vary significantly among individuals.

1.5. Should Hormone Levels Be Tested?

I often hear women talk about "hormonal imbalances" frequently as an explanation for menstrual cycle irregularities. Remember that neither "hormonal imbalance" nor "menstrual cycle irregularity" is a diagnosis! A menstrual cycle irregularity is merely a symptom (a sign) and does not indicate a specific illness. We'll discuss the menstrual cycle in a separate chapter.

The concept of a "hormonal imbalance" is medically absurd. Which hormone, exactly, is out of balance? The human body produces around 50 different hormones, so they can't be out of balance simultaneously. Yet, women are often sent for extensive hormone panels, many of which are unrelated to their specific problems and frequently show results within normal ranges.

We do not treat hormone levels. We treat diseases! For instance, we treat conditions like diabetes, thyroid disorders, and adrenal insufficiency. A diagnosis cannot be made based on the level of a single hormone.

Endocrine diseases, which are caused by dysfunctions of the endocrine glands, present a complex puzzle for diagnosis. Achieving an accurate diagnosis can be a time-consuming process, often requiring months of testing and observation.

Key points to understand about interpreting hormone tests:


	Reference values (normal ranges) are relative and depend on the test, region, and country.

	Sex and age must be considered.

	Pregnancy status must also be considered.

	Hormone levels may be reported in different units of measurement, which can vary even within the same country or city and may not align with international standards.



Testing hormone levels has become a trend in commercial medicine. The once-popular saying, "Nerves cause all diseases," has now been replaced with "Hormones cause all diseases." Add to this the myths about "poor immunity" and various genetic mutations, and suddenly, it seems like healthy people don't exist.

But this is not true! While the health industry claims to focus on human well-being, it has increasingly transformed into an industry of illness. Walking out of a doctor's office with a diagnosis of "healthy" has somehow become awkward and unacceptable — for both doctors and patients.

When assessing any health complaints or symptoms, it is crucial not to exaggerate minor issues while overlooking more significant ones. Endocrinology, the study of hormones and related disorders, has long been treated as secondary in medical education, receiving far fewer teaching hours than other specialties. Until recently, endocrinology was one of the least popular fields, and even among obstetricians-gynecologists, only a few specialize in female endocrinology. Even fewer endocrinologists deeply understand women's hormonal health, let alone the hormonal changes that occur during pregnancy.

Over the past two decades, the medical landscape has evolved significantly. The once-prevailing belief that 'All diseases are caused by nerves' has fallen out of favor, particularly as nerve-related conditions are notoriously difficult to treat. The hyper-marketing of antidepressants in developed countries has become the de facto 'treatment' for all nerve-related diseases.

At the same time, life expectancy has increased dramatically. In some countries, a third of the population is now of retirement age. Modern retirees often lead active lives, travel, and pay closer attention to their health. Slowing the aging process has become fashionable, with many aiming to live 100 years or more.

Hormones have been used not only as experimental treatments but also in quackery for centuries, even when their nature and role were utterly unknown. Think of the age-old "elixirs of youth" and "elixirs of life." Today, in the internet era, where even the most deceptive advertising can spread instantly, a renewed interest in hormones has surged. Catchphrases like "All diseases are caused by hormones" and "Hormones cure all diseases" have become tools for manipulation, playing on people's desire to be forever young, healthy, and yet, paradoxically, constantly "sick."

This creates a vicious cycle:


	Feeling well? Don't trust it! Poor ecology, stress, and other modern horrors make proper health impossible. Check your hormones!

	Hormones are normal? Please don't believe it. Problems often lurk undetected. Dig deeper. Even if everything seems fine, start preventive treatment against future deficiencies, aging, or countless diseases.

	Feeling unwell? It must be due to hormonal imbalances. After all, every single process in the body depends on hormones.



Hormones play a crucial role in regulating metabolism, growth, and development and maintaining the balance of other bodily functions. However, it's important to remember that not every health issue is due to a hormonal imbalance. Fear of illness and aging are closely linked but also provide fertile ground for the rapid rise of excessive testing and unjustified treatments for false diagnoses.

This book is not designed to instill fear. Instead, it aims to provide you with the unvarnished truth about what modern, evidence-based medicine knows regarding hormones and endocrine diseases.

Understand this: it's not all bad!

Many women try to address their health issues independently, which is not inherently wrong. Most of us want answers to questions like:


	"What's happening to me?"

	"Is this dangerous for my health?"

	"Should I see a doctor?"



With medical services becoming increasingly expensive and often not covered by insurance (or unaffordable for those without insurance), many women prefer to undergo testing on their own before consulting a doctor. However, it's important to remember that self-diagnosis and treatment can be risky. If you're experiencing persistent or severe symptoms, it's best to consult a healthcare professional for a proper diagnosis and treatment plan.

You can waste a great deal of time and money on unnecessary tests for diseases you do not have and likely never will. Globally, it is standard practice for a doctor to determine which tests are necessary based on your complaints, symptoms, and medical history. The doctor's role is to suspect a disease, make a preliminary diagnosis, and explain the rationale for specific tests. If your doctor suggests monitoring the situation for a few weeks or months, it does not mean they are wrong. On the contrary, it may be the most reasonable course of action. Trusting your doctor's judgment can give you confidence and security in your medical journey.

Rushing to find problems or ordering tests based on trends can lead to false conclusions, unnecessary treatments, and even harm. Every test must have a clear medical justification, and every diagnostic method must be validated. There should be no 'just in case' checks. It's crucial to be cautious and aware of the potential harm that unnecessary tests can bring.

Serious diseases exist, but not everyone is at the same risk of developing them. One woman may have a higher likelihood of a specific condition, while another may have a much lower risk — everything is individual. Understanding individual health risks should reassure you that your unique situation is being considered. No one can suffer from every possible disease, even the most dangerous ones. Likewise, no one develops all the 'trendy' conditions that seem to be diagnosed everywhere today.

The rise of "commercial diagnoses" imposed for profit does not reflect the actual prevalence of diseases. That is why it is essential to carefully assess whether hormone testing is necessary, especially without clear clinical indications.

There is no "within normal limits, but still abnormal." This misleading claim is often used to scare patients into spending money. Statements like, "Your hormone level is within the lower (or upper) range of normal, but that's bad and needs to be corrected," come from non-professionals. Normal is normal, and it should not be manipulated.

What if a test result slightly deviates from the reference range? For example, if a hormone level is measured at 3.3 in specific units, but the laboratory defines anything above 3.2 as abnormal — is this a real problem? No. It might be entirely normal for that individual. It could be a laboratory error. It could be a random fluctuation — after all, the substances in our bodies are dynamic, constantly changing from day to day, month to month, and year to year, even in the same person. Isolated lab results hold no practical significance without evaluating symptoms and clinical complaints.

Testing should be necessary, reasonable, and not excessive. There is no benefit in checking every possible hormone level or undergoing a battery of unnecessary analyses. If you take 1,000 tests, at least 10% of the results will show minor deviations from the reference range simply because every individual is unique, and physiological norms vary. Understanding this will help you approach hormone testing rationally and avoid unnecessary medical interventions.
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Chapter 2. Endocrine Glands
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This chapter will discuss the most important endocrine glands and their significance for the human body.

2.1. The Hypothalamus

The hypothalamus is one of the oldest (and smallest) brain parts and plays a vital role in human life. This part of the brain weighs only 4 grams compared to the 1,400 grams of the entire brain. Its structure is unique, with many nerve fibers as well as cells that produce several types of hormones.

The hypothalamus is responsible for the most essential life functions:


	Energy metabolism

	Metabolic exchange and control

	Nutrition and gastrointestinal function

	Water-salt balance and electrolyte regulation

	Body temperature regulation

	Energy and nutrient storage

	Regulation of sleep and wake cycles

	Reproductive function (maturation of sex cells, pregnancy, lactation)

	Breastfeeding

	Stress response



These points could be further detailed, but one conclusion is clear — this is an essential endocrine gland.

The hypothalamus is conventionally divided into three parts, each with different functions. Based on the structure of the cells, there are three systems of endocrine or hormonal action. Some neurons produce hormones, such as oxytocin and vasopressin, which travel through blood vessels to the posterior part of another crucial gland — the pituitary gland, where they are distributed to the entire body when needed.

Other neuroendocrine cells have direct contact with the pituitary and stimulate or suppress the production of pituitary hormones. Gonadotropin-releasing hormones are an example of this.

The third group of cells is involved in the independent (autonomous) control of hormone production in other organs, such as insulin production by the pancreas.

The hypothalamus, a key player in the brain's limbic system, is not just a regulator of bodily functions. It also plays a significant role in the formation of emotions, working in tandem with the amygdala. This link to our emotional experiences makes the study of the hypothalamus even more intriguing.

Let's now take a closer look at the main hormones produced by the hypothalamus:



	Hormone Name

	Role

	Deficiency

	Excess




	Thyrotropin-releasing hormone (TRH)

	Stimulates production of thyroid-stimulating hormone (thyrotropin) and partially influences prolactin production

	Thyroid dysfunction

	No known cases of excess




	Gonadotropin-releasing hormone (GnRH)

	Initiates puberty and stimulates gonadotropin production by the pituitary

	Intense physical exertion, starvation (anorexia)

	Rare hypothalamic-pituitary tumors causing excess testosterone and estrogen production




	Growth hormone-releasing hormone (GHRH)

	Controls the production of growth hormone

	Growth delay, stunted physical development, reduced muscle mass, increased fat accumulation

	Hypothalamic tumors may cause pituitary enlargement, acromegaly, diabetes, high blood pressure, gigantism




	Corticotropin-releasing hormone (CRH)

	Controls production of adrenocorticotropic hormone; also produced by the placenta, influencing pregnancy duration

	Alzheimer’s disease, chronic fatigue syndrome, placental deficiency leading to pregnancy loss

	Depression, anorexia, insomnia, exacerbation of autoimmune diseases




	Somatostatin

	Inhibits production of thyroid-stimulating hormone and growth hormone; also produced by the pancreas

	Insufficient data

	Somatostatinoma tumor, diabetes, gallstone formation




	Dopamine (Prolactin-inhibiting hormone)

	Inhibits prolactin production, regulates motor function centers

	Parkinson’s disease

	Conflicting data




	Vasopressin (Antidiuretic hormone, ADH)

	Regulates kidney function and urine production

	Excessive urine output, leading to diabetes insipidus

	Water retention, low sodium levels (hyponatremia)




	Oxytocin

	Stimulates uterine contractions during labor, promotes milk production in response to nursing, strengthens maternal-infant bonding

	Unknown

	Benign prostatic hyperplasia





Releasing hormones are also often referred to as releasing factors or liberins. All of them are protein-based substances. In the animal kingdom, three types of gonadotropin-releasing hormones (GnRH) have been identified, and human GnRH is 85% identical to those found in many mammals.

The examination of the hypothalamus and its hormone production, though rarely performed, holds immense significance. These hormones are not just involved in numerous physiological processes, but they also play multiple crucial roles in regulating bodily functions simultaneously.

It is crucial to note that synthetic analogs of these hormones play a pivotal role in treating various medical conditions. Most commonly, gonadotropin-releasing hormone agonists are employed in the treatment of infertility, prostate cancer, and both congenital and acquired hormone deficiencies. Oxytocin is widely used during and after childbirth to enhance uterine contractions, while vasopressin is utilized in the treatment of diabetes insipidus. Dopamine has proven effective in managing different types of shock; however, due to its numerous side effects, its dosage must be carefully controlled.

2.1.1. Does Hypothalamic Disease Exist?

Given the hypothalamus's crucial role in regulating numerous bodily functions, could there be a distinct condition known as hypothalamic disease?

In medical practice, hypothalamic disease is typically discussed in the context of physical trauma that damages specific areas of the hypothalamus. Since this part of the brain regulates multiple physiological processes, hormone production deficiencies can manifest in many symptoms. These symptoms, numbering over a hundred, can include insomnia, fatigue, infertility, menstrual irregularities, and thyroid dysfunction, among others. Many of these symptoms overlap with disorders of the endocrine organs under hypothalamic control, making diagnosis a complex and intricate process that requires thoroughness and attention to detail.

Because the pituitary gland is closely linked to the hypothalamus, hormonal dysfunctions often affect both structures. Assessing the extent of hypothalamic damage can be particularly challenging, underscoring the importance of a detailed medical history, including past head injuries or brain surgeries. This comprehensive patient assessment is crucial in diagnosing conditions that are frequently classified as hypothalamic-pituitary disorders rather than isolated hypothalamic diseases.

Thus, while hypothalamic dysfunction does exist, it is a rare and often overlooked diagnosis in clinical practice. This underscores the need for vigilance and a high level of suspicion when dealing with complex cases that may involve the hypothalamus.

2.1.2. Oxytocin — The Hormone of Love?

In recent years, medical conferences on endocrinology have increasingly focused on menopause, diabetes, and thyroid disorders — conditions that have become remarkably prevalent. However, oxytocin, a hormone widely used in obstetrics worldwide, has also attracted significant scientific interest.

Biologist Sue Carter, director of the Kinsey Institute at Indiana University, has devoted extensive research to the effects of oxytocin administered during labor on child development. Her work has made her one of the most sought-after speakers in recent years. Dr. Carter is not the first scientist to express concerns about the potential behavioral effects of oxytocin in animals and humans or question its widespread use in obstetrics. She has demonstrated with her colleagues that oxytocin, often called the "hormone of maternal love", is crucial in forming long-term monogamous bonds, fostering maternal instincts, and regulating aggressive behavior.

Recent studies have explored oxytocin's influence on child development, particularly its role in shaping human behavior from the prenatal period onward (epigenetic effects of oxytocin). While early research suggested that oxytocin does not cross the blood-brain barrier, newer findings indicate otherwise, showing that it directly affects the brain. However, the precise mechanisms of this influence remain poorly understood.

Scientists have identified that the gene responsible for oxytocin receptor function (the oxytocin receptor gene) in children is activated by three key factors: the process of childbirth itself, maternal behavior, and externally administered oxytocin (as a medication). Naturally elevated oxytocin levels during labor do not negatively impact the child. However, the administration of high doses of oxytocin to induce or accelerate labor, often without sufficient medical justification, can have long-term effects on the 'social brain' of the child, the brain regions responsible for social behavior and interpersonal relationships. This underscores the need for a more cautious approach to oxytocin use in obstetrics.

Neuroendocrine research on oxytocin's effects on the human brain remains a relatively new but rapidly evolving field in evidence-based medicine. However, emerging data already compel forward-thinking physicians to reassess medical interventions during childbirth. Are these interventions excessive? Is the modern approach to labor too aggressive toward women? Could the increasing prevalence of behavioral disorders, including autism and anorexia (as proposed by Michel Odent, a French obstetrician and childbirth specialist), be linked to the overuse of medications, particularly steroid hormones and oxytocin?

These and many other pressing questions require an urgent and critical reassessment of long-standing beliefs about pregnancy and childbirth. The time to act is now, as we need to reassess our practices and make necessary changes to ensure the safety and well-being of our patients.

2.2. The Pituitary Gland

For centuries, the pituitary gland remained a mystery, yet its significance was noted as early as 1365 BCE when an Egyptian pharaoh described acromegaly — a condition caused by excessive growth hormone. The Greek physician and philosopher Galen, who also discovered pulmonary circulation, was the first to describe the structure of the pituitary gland in 150 CE. His belief that the gland pumped fluid (phlegm) from the brain to the nasopharynx marked a significant step in our understanding of this vital organ.

By the early 18th century, physicians had identified conditions such as amenorrhea (absence of menstrual cycles), acromegaly (widening and thickening of facial bones), and diabetes insipidus. Efforts to understand these disorders led to surgical attempts to remove the pituitary gland. The first transsphenoidal surgery, accessing the gland through the sphenoid bone of the skull, was performed in 1907 by Austrian neurosurgeon Hermann Schloffer. Later, between 1910 and 1925, American physician Harvey Cushing performed over 200 similar procedures, further advancing pituitary surgery.

The pituitary gland, a marvel of nature, is located at the base of the brain within a bony cavity called the sella turcica (Latin for "Turkish saddle"). This unique name is derived from the distinctive shape of traditional Turkish saddles, which resemble this anatomical structure. The use of such descriptive names by anatomists in the past adds an intriguing layer to the study of human anatomy.

The pituitary gland measures 5–15 mm and weighs approximately 0.5 g. It consists of two main parts: the anterior and posterior lobes.

The anterior pituitary houses six distinct types of glandular cells, each responsible for producing a single hormone. Let's take a closer look at one of these hormones.

2.2.1. Thyroid-stimulating hormone (TSH)

Thyroid-stimulating hormone (TSH, also known as thyrotropin), plays a pivotal role in regulating the function of the thyroid gland, an important component of the endocrine system.

Measuring TSH levels has become a standard recommendation for all women planning pregnancy and during the initial trimester, underscoring its importance in reproductive health.

TSH is composed of two amino acid chains:


	
The alpha chain is identical in TSH, FSH, LH, and hCG.


	
The beta chain is unique to each hormone and determines its specific function.




TSH production is regulated by both - the hypothalamus and the thyroid gland. The hypothalamus secretes thyrotropin-releasing hormone (TRH), which stimulates TSH production. A deficiency of thyroid hormones in the blood signals the need to "activate" TSH production.

It's worth noting that TSH not only regulates thyroid function but also has a significant impact on prolactin production. This dual role can lead to elevated prolactin levels and associated breast discomfort in women with thyroid dysfunction. Conversely, somatostatin suppresses TSH production.

Thyroid cells have receptors on their surface (G-protein-coupled receptors, or GPCRs) that bind TSH, activating the cells to produce thyroxine (T4), the primary hormone of the thyroid gland.

Antibodies Against TSH

Unfortunately, TSH can trigger the production of autoantibodies, which the body mistakenly creates against its cells. These antibodies were first identified in 1956 in patients with Graves' disease (also known as diffuse toxic goiter), confirming the condition's autoimmune nature.

These antibodies belong to the IgG class and bind to TSH molecules, interfering with hormone uptake and its effect on thyroid cells. The exact mechanism behind their production remains unknown, as do effective methods for reducing their levels.

What Should the TSH Levels Be?

Measuring TSH levels has become a pivotal indicator of thyroid function and a primary tool in diagnosing thyroid disorders. This knowledge empowers healthcare professionals and individuals alike to understand and manage thyroid dysfunction, whether hyperthyroidism (overactivity) or hypothyroidism (underactivity), which can occur at various life stages, including pregnancy and postpartum. This will be discussed in more detail in another chapter.

Thyroid issues are more common in women, affecting approximately 15% of women and 4% of men at least once in their lives. This understanding of the prevalence of thyroid dysfunction in women helps to validate their experiences. However, how can thyroid dysfunction be suspected when symptoms are mild or unclear?

Because TSH directly regulates thyroid function, a low but within-normal-range TSH level generally suggests that the thyroid functions well. Extremely low TSH levels indicate hyperthyroidism, while insufficient thyroxine production (hypothyroidism) triggers the hypothalamic-pituitary system to increase TSH production, leading to high TSH levels.

TSH is secreted by the pituitary gland in a pulsatile manner, causing daily fluctuations. In healthy individuals, TSH levels can vary by up to 50% due to individual differences. Importantly, TSH production has a significant genetic component (involving the PDE8B and CAPZB genes), which is a fascinating area of study. This genetic influence means twins tend to have nearly identical TSH patterns and levels if living under similar conditions. This suggests some individuals may have TSH levels outside the standard reference range while maintaining normal thyroid function.

Is It Essential to Have TSH < 2.5 µIU/mL During Pregnancy?

Family doctors and obstetricians-gynecologists, with their increasing focus on thyroid function, play a crucial role in advising women planning an early pregnancy to measure TSH levels.

A TSH level of 2.5 µIU/mL or lower has become the international standard for the first trimester of pregnancy.

But on what basis did the American Thyroid Association propose this maximum TSH level for the first trimester in 2011? The exact reasoning remains unclear. These recommendations did not fully account for pregnancy outcomes. However, concerns about the overdiagnosis of thyroid diseases led many physician groups to investigate further. Their diligent studies confirmed that lower TSH levels are associated with better pregnancy outcomes and improved newborn health, providing reassurance and confidence in physicians' care.

Deciding to prescribe thyroid medication should always be individualized, considering your unique risk factors. This approach empowers you to participate actively in healthcare decisions, ensuring your needs and circumstances are considered.

––––––––
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Iodine and TSH

In recent years, the global concern about iodine deficiency has sparked frequent discussions. Simultaneously, iodine has been added to many foods and dietary supplements. Physicians frequently recommend iodine supplementation, emphasizing its benefits and the 'global deficiency.'

But can iodine intake become excessive, and how does this affect TSH levels?

Iodine plays a critical role in normal thyroid function and hormone production. A severe iodine deficiency can impair thyroid function, but mild deficiencies rarely cause significant hormonal disruptions.

When iodine intake is sufficient or excessive, a paradoxical relationship with TSH levels emerges. Contrary to what might seem logical, increased iodine intake tends to lead to higher TSH levels. This paradox can be confusing, but it's a crucial aspect to understand for both doctors and patients.

This response is believed to be a protective reaction of the thyroid gland to high doses of iodine. Such effects are carefully considered when interpreting test results to avoid misdiagnosis, ensuring your confidence in the healthcare system.

Weight and TSH

The intricate relationship between thyroid function and weight is of paramount importance. Understanding how a normally functioning thyroid influences weight, and vice versa, can provide crucial insights into the management of thyroid dysfunction and weight fluctuations.

Research has revealed a fascinating connection between TSH levels and body weight. Thyroid hormones, under the influence of TSH, play a pivotal role in energy metabolism and can even influence appetite. This indirect control over food intake is a key factor in weight management. Moreover, TSH's involvement in fat metabolism and storage in adipose tissue adds another layer of intrigue to the complex relationship between thyroid function and weight.

One of the most intriguing aspects of the thyroid-weight relationship is the uncertainty about the cause-effect relationship. For instance, it's unclear whether thyroid changes cause weight gain or vice versa. This uncertainty piques our curiosity and keeps us engaged in the ongoing research in this field.

In smokers, no clear relationship between TSH and weight has been identified. However, smoking is known to hurt thyroid function.

As you continue reading this book, you will learn more about the thyroid gland.

2.2.1. Follicle-Stimulating Hormone (FSH)

The name "follicle-stimulating hormone" suggests that this substance influences certain follicles. It is an essential hormone in the lives of both women and men.

We will discuss the menstrual cycle in another chapter. Still, it is important to mention that the female gonads, reproductive organs or ovaries, contain many fluid-filled sacs (follicles) that house germ cells. The ovaries naturally have a multi-follicular structure, and without a functioning follicular system, egg cells would not mature, and hormone production would not occur. FSH, along with other hormones, plays a crucial role in the menstrual cycle by stimulating the growth and development of these follicles. It directly influences follicle development and the maturation of eggs within them.

In men, FSH, together with testosterone, is involved in the maturation of sperm cells and sperm production. In the testes, granulosa cells and Sertoli cells contain FSH receptors, which respond to FSH. However, the exact mechanism that triggers germ cell maturation remains unknown, making artificial regulation of this process impossible.

The condition and activation of FSH receptors are genetically controlled. Reproductive medicine and genetics aim to determine which genes and mutations influence germ cell maturation and the ability to reproduce. This is a highly complex and multifactorial issue; research has just begun.

FSH also plays a significant role in bone health. In postmenopausal women, as menopause sets in, the risk of bone fractures increases due to bone loss, a condition known as osteoporosis. FSH, along with other hormones, regulates bone density and remodeling. Studies have shown that women with mutations in the gene responsible for FSH receptor function not only experience difficulties with egg maturation and conception but also have a higher risk of osteoporosis due to the decreased bone density caused by FSH deficiency.

FSH receptors in other tissues and organs suggest these tissues may also respond to FSH. FSH receptors have been identified in the following ways:


	The inner lining of blood vessels,

	The cervix,

	The endometrium,

	The glands of the cervical canal,

	The muscle tissue of the uterus.



In pregnant women, FSH receptors has been found in the umbilical cord vessels, placenta, and fetal membranes. However, FSH production by the maternal pituitary gland is suppressed during pregnancy.

FSH receptors have also been found in the blood vessels of certain tumors, suggesting that FSH may play a role in tumor blood supply. This has led researchers to explore the potential use of FSH antagonists, which are substances that block the action of FSH, in cancer treatment. By blocking FSH, these antagonists could potentially disrupt the blood supply to tumors, thereby inhibiting their growth. However, more research is needed to fully understand the potential of FSH antagonists in cancer treatment.

When Is It Important to Check FSH Levels?

FSH is not directly involved in any disease but is an excellent indicator of ovarian function. FSH levels are most measured when diagnosing the following conditions:


	Disorders of puberty, whether premature or delayed

	Menstrual irregularities, such as oligomenorrhea or amenorrhea

	Infertility, including male infertility

	Perimenopause and menopause



In many cases, FSH testing is included in a standard hormonal panel alongside luteinizing hormone and estradiol.

FSH levels fluctuate throughout the menstrual cycle in the absence of hormonal contraceptives. If menstrual cycles are regular, measuring FSH usually has little practical value. However, when testing is necessary, it is crucial to check FSH levels on the third day of the menstrual cycle, with the first day counted from the onset of menstrual bleeding.

When menstrual cycles are absent or irregular, FSH can be measured on any day. In some cases, menstrual bleeding is artificially induced first, and the test is performed after withdrawal bleeding occurs.

FSH is a reliable marker for confirming menopause, but for a secure diagnosis, two independent tests within one month are necessary.

High FSH Levels

High FSH levels are most observed in women entering the menopausal transition. This hormone can start rising one to two years before menopause, but persistently high FSH is a key marker of ovarian failure, signaling the cessation of egg maturation. This can occur due to early menopause (before age 40), ovarian surgery, ovarian insufficiency, or premature depletion of the ovarian reserve. High FSH is also seen in cases of underdeveloped gonads (ovaries), Turner syndrome, Klinefelter syndrome, and certain forms of congenital adrenal hyperplasia.

In men, elevated FSH levels indicate testicular insufficiency. In women with systemic lupus erythematosus, high FSH levels are also frequently observed. This can be due to the disease's impact on the ovaries, leading to premature ovarian failure and high FSH levels.

Now, let's address some common myths about high FSH. As mentioned, single lab results without considering symptoms and clinical presentation have little practical value. Therefore, detecting high FSH is not always a bad sign.

It's crucial to understand that FSH production and secretion occur in a pulsatile manner, meaning its levels naturally fluctuate throughout the day. This variability is a normal part of the body's hormonal balance, not a cause for immediate concern. Rising FSH levels indicate that the body attempts to stimulate egg maturation and ovarian function. In other words, the body recognizes a dysfunction at some level, though doctors may not always be clear about what has gone wrong. This is a natural response of the body to maintain reproductive health. 

Although FSH plays a role in stimulating egg maturation, it does not directly measure the process itself. Instead, it indicates ovarian reserve, which refers to the estimated number of eggs remaining in the ovaries. When the ovarian reserve is low, FSH levels rise as the body attempts to stimulate the maturation of the remaining eggs. However, this does not necessarily mean that a woman is in menopause. It simply means that the ovaries are not responding to the FSH as they should, possibly due to various reasons such as age or certain medical conditions.

Many women in their 20s and 30s may have elevated FSH levels for various reasons while still experiencing regular menstrual cycles. This is not always due to ovarian dysfunction. For example, pituitary tumors can be associated with high FSH levels and may also disrupt ovarian function.

Of course, high FSH levels can make conception more complicated, and women in this situation often require assisted reproductive technologies to achieve pregnancy. The availability of these technologies offers hope and potential solutions for those facing fertility challenges.

The higher the FSH level, the more challenging it becomes to conceive, as it is typically associated with a diminished ovarian reserve. It is essential to understand that there is currently no medication capable of lowering FSH levels or restoring them to normal level. This knowledge can help manage expectations and guide decisions about fertility treatments. Understanding the implications of high FSH levels on fertility treatments can help manage expectations and guide decisions about the most appropriate course of action.

Ultimately, FSH is simply an indicator of ovarian function and egg maturation. It's important to remember that it is not the cause of impaired egg development but rather a marker that can help identify potential issues with ovarian health. Understanding this can empower you to have informed discussions with your healthcare provider about your reproductive health, ensuring that you are an active participant in your own care.

Low FSH Levels

For some reason, doctors and patients tend to focus more on high FSH levels, while low FSH is also not normal. FSH, or follicle-stimulating hormone, is a key hormone in the reproductive system. It plays a crucial role in stimulating the growth of ovarian follicles in women and the production of sperm in men. Low levels of this hormone are most observed in gonadal insufficiency (hypogonadism), which can be either congenital or acquired. In men, this leads to a cessation of sperm production, while in women, menstrual cycles stop.

Since the pituitary gland produces FSH, disorders affecting it can lead to decreased FSH levels. These include hypothalamic suppression, hypopituitarism, and Kallmann syndrome. Certain medications that suppress ovarian and testicular function, such as GnRH antagonists and agonists, can also lower FSH levels.

Low FSH is also observed in polycystic ovary syndrome (PCOS), particularly in combination with obesity, excessive hair growth, and infertility. Elevated prolactin levels and the use or excessive production of estrogens can also suppress FSH secretion.

In rare instances, genetic mutations affecting FSH production can disrupt ovulation in women and spermatogenesis in men, leading to infertility in both sexes. In essence, FSH is a crucial indicator of testicular and ovarian dysfunction, providing valuable diagnostic information.

Regardless of the low FSH levels, it is crucial to consider a patient's symptoms and evaluate each case individually. This personalized approach is key to providing comprehensive care and addressing each patient's unique needs.

Synthetic FSH Analogues

In the 1960s, physicians began using hormonal medications derived from the urine of postmenopausal women. These included menotropin, or human menopausal gonadotropin (hMG), which contained both FSH and LH.

Urine from postmenopausal women was used because women in this stage of life have incredibly high levels of FSH and LH in their blood and urine. In 1949, a simple method was developed to extract gonadotropins from urine. Early medications contained equal amounts of FSH and LH, but as the importance of FSH in egg maturation, a process crucial for fertility, became evident, the proportion of FSH increased.

Later, technological advancements, such as improved extraction and purification methods, enabled the production of urofollitropin from urine, with minimal amounts of other biological substances previously present in urinary-derived medications. Some formulations included trace amounts of hCG.

Today, several medications, including those containing FSH either in pure form or in combination with LH, hCG, and other substances, are widely used in reproductive medicine. These drugs play a crucial role in stimulating follicular growth, a practice that has become a cornerstone of modern reproductive medicine.

Egg cells are essential for both natural conception and assisted reproduction (IVF). The type and dosage of medication used for ovulation stimulation depend on the specific goal of the treatment. In some cases, the aim is to obtain only a few eggs, while in others, such as IVF, more than 10 eggs may be required. The doctor’s expertise and approach also play a crucial role. Their understanding of how different medications work, their distinctions, advantages, and limitations influences the choice of treatment strategy.

2.2.3. Luteotropic Hormone (LH)

Luteotropic hormone, or luteinizing hormone (LH, lutropin, lutrophin, luteotropin), is a important player in the reproductive process and is equally important as FSH. These two hormones often work in tandem, and their specific ratio is crucial for the normal functioning of both the female and male bodies. LH, as a gonadotropin, significantly influences the activity of the ovaries and testes.

The term 'luteotropic' signifies this pituitary hormone's role in the ovary's corpus luteum. However, LH's function in the female body extends beyond supporting the corpus luteum. It plays a crucial role in stimulating the production of female sex hormones by the granulosa cells of ovarian follicles, directly impacting reproductive health and highlighting its significant role in the female reproductive system.

LH levels peak before ovulation, followed by a brief progesterone surge. These two hormones rise, depending on each other, triggers the release of a mature egg from the follicle, a process known as ovulation. Without LH, egg maturation cannot occur.

After ovulation, LH gradually rises, influencing the transformation of the ruptured follicle — first into a hemorrhagic body (filled with blood) and then into a corpus luteum, which produces progesterone. Thus, LH regulates ovarian hormonal activity.

LH production, which regulates testosterone, estrogen, and progesterone synthesis, depends on hypothalamic-pituitary activity. Throughout the day and menstrual cycle, LH pulsation occurs in different modes:


	High-amplitude pulsation (large LH surges without precise time intervals)

	Minimal pulsation (low LH production)

	Sleep-state pulsation (chaotic frequency and amplitude of LH secretion)

	Regular 90-minute pulsation



All these modes are normal and can alternate in a healthy woman. However, LH pulsation determines the secretion of other hormones, including progesterone. The 90-minute uniform pulsation, commonly described in textbooks, is not a constant feature but is more frequently observed during peak progesterone production.

Additionally, the pulsatile release of LH is influenced by age, stress levels, fatigue, intense physical activity, and various endocrine disorders. LH secretion patterns vary, and pulsation frequency shifts may occur unexpectedly due to internal and external factors. Therefore, a single hormone test rarely provides an accurate picture of a woman's hormonal state and can lead to misdiagnosis.

Another important hormone, human chorionic gonadotropin (hCG), which appears during pregnancy, has a similar structure to LH, allowing both hormones to interact with the same cell receptors. It is believed that their coordinated action supports successful embryo implantation. As pregnancy progresses, LH levels decrease due to hCG activity, which takes over the role of LH in maintaining the corpus luteum and supporting the early stages of pregnancy. This shift in hormonal activity is a key factor in the changes that occur in the female body during pregnancy.

In men, LH stimulates the production and release of male sex hormones in the testes, often called interstitial cell-stimulating hormone (ICSH). This process is crucial for the development and maintenance of male reproductive organs and secondary sexual characteristics. LH also plays a role in the regulation of sperm production, further underlining its importance in male reproductive health.

LH testing is a vital and indispensable component of fertility assessments for women with infertility issues. It is also a key measurement when irregular menstrual cycles occur. Complaints of fatigue, unexplained weight loss, and decreased appetite may also indicate the need for LH testing, underlining its crucial role in reproductive health and the urgency of its inclusion in fertility assessments.

LH levels are often tested in men when testosterone levels are low, libido is reduced, or muscle mass decreases.

Interestingly, the production of both FSH and LH is regulated by the same hypothalamic hormone — GnRH. However, the precise mechanism by which GnRH controls the secretion of these two distinct hormones remains unknown.

Excess LH and FSH are metabolized in the liver and excreted via the kidneys in urine.

Since LH interacts with multiple hormones, a single LH measurement has little practical significance.

High and Low LH

The two most common conditions associated with elevated LH levels are menopause and polycystic ovary syndrome (PCOS). If LH levels are extremely high, a pituitary tumor should be ruled out.

The clinical significance of low LH levels is not yet fully understood. The hormone may be low in cases of pituitary disorders, stress, anorexia, and starvation. A genetic defect can also lead to low LH levels, often manifesting as hypogonadism.

Isolated luteinizing hormone deficiency is extremely rare and usually occurs with FSH deficiency.

Despite LH playing a crucial role in the human body, greater attention has been given to the LH-to-FSH ratio as these hormones interact, something we will discuss further.

The LH-to-FSH Ratio and Vice Versa

Many women diagnosed with polycystic ovary syndrome (PCOS) have likely heard about the LH-to-FSH ratio. For years, an elevated ratio was considered one of the diagnostic criteria for PCOS. However, the assumption that a high LH/FSH ratio (above 3) is characteristic of this condition lacked scientific evidence. New research has shown that the LH-to-FSH ratio is the same in healthy women and those with PCOS. Only a small subgroup of women with PCOS (those who do not ovulate) may exhibit a slight increase in this ratio, but it remains below 3 in most cases. This complexity in understanding LH levels in PCOS is an intriguing area of research.

Why, then, does the LH-to-FSH ratio increase in some women? As I mentioned earlier, the secretion of these two hormones occurs in a pulsatile manner, reflecting the release of gonadotropin-releasing hormone (GnRH) from the hypothalamus. In healthy women, the pulsatile release of FSH and LH is synchronized, with FSH stimulating the growth of ovarian follicles and LH triggering ovulation. However, in women with PCOS, the frequency of LH pulses increases while FSH secretion remains the same or slightly decreases. This leads to higher LH levels relative to FSH.

Luteinizing hormone stimulates the production of male sex hormones in the ovaries. When LH levels are elevated, this can lead to hyperandrogenism, a key clinical and laboratory marker of PCOS. This excess of male sex hormones can lead to symptoms such as acne, hirsutism, and irregular menstrual cycles in women with PCOS.
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