A hormone is a chemical messenger made in one part of the body and carried through
the blood to tissues somewhere else. Testosterone belongs to a family called androgens,
hormones that help guide sexual development, reproduction, muscle, bone, blood-cell
production, and sexual desire. It is often described as a male hormone because adult
men usually have much higher levels, yet women produce it and depend on it as well.
The difference lies mainly in quantity, timing, and how particular tissues respond. A
blood level is only part of the story because two people with similar numbers can
experience different effects. Their ages, genetics, health conditions, medications,
hormone receptors, and other hormones all shape the final result. Testosterone therefore
functions as one member of a coordinated body system rather than as a single chemical
controlling strength, confidence, or identity.

Its production begins with a conversation between the brain and the reproductive
organs. A small brain region called the hypothalamus releases a signal known as GnRH,
which tells the nearby pituitary gland to send out two additional hormones. One is
luteinizing hormone, shortened to LH, and the other is follicle-stimulating hormone, or
FSH. In males, LH travels to the testicles and directs specialized Leydig cells to make
testosterone. FSH works alongside testosterone to support sperm production. The
testicles then release testosterone into the bloodstream, where it reaches muscle, bone,
skin, the brain, reproductive organs, and many other tissues. Doctors call this
communication system the hypothalamic-pituitary-gonadal axis, but the meaning is
simply a feedback line connecting the brain, pituitary gland, and reproductive organs.

That feedback line behaves like a thermostat. When the brain detects adequate
testosterone and related hormones, it reduces its signals so production slows. When
levels fall, the brain can increase those signals and encourage the testicles to make
more. This is called negative feedback because the final product restrains the system
that produced it. The body uses similar controls for thyroid hormone, cortisol, blood
sugar, and temperature. A healthy system continually adjusts instead of holding one
exact number all day. lliness, severe stress, inadequate nutrition, disrupted sleep,
medications, and outside hormones can disturb the conversation. Understanding the
feedback loop becomes especially important when testosterone is taken from an external
source, because the brain may interpret the incoming hormone as a reason to shut down
its own instructions.

Women use the same broad hormonal network, although their pattern of production
differs. The ovaries make testosterone and related androgens, and the adrenal glands
above the kidneys contribute additional androgen hormones. Other tissues can convert
related chemicals into testosterone after they enter the circulation. Levels vary with age,
menstrual function, pregnancy, menopause, health, and medication use. Within a healthy
range, androgens contribute to sexual desire, bone strength, muscle maintenance,
energy regulation, and reproductive function. Calling testosterone exclusively male hides
an important part of female biology. Estrogen and testosterone are present in every sex,
while their amounts and roles are arranged differently.



Once testosterone enters the blood, most of it travels attached to carrier proteins. The
major carrier is sex hormone-binding globulin, shortened to SHBG, while another protein
called albumin holds testosterone more loosely. Total testosterone measures the
hormone traveling in all forms, including the portions attached to proteins. Free
testosterone refers to the small portion circulating without a strong protein attachment
and therefore readily available to enter tissues. The body also appears able to use some
of the loosely albumin-bound portion. This matters because a person can have an
ordinary total level while an unusual SHBG level changes how much testosterone is
readily available. Obesity, aging, liver conditions, thyroid disorders, medications, and
estrogen exposure can alter SHBG, which is why one laboratory number cannot always
explain the person’s condition.

After reaching a tissue, testosterone can act directly or be changed into another
hormone. An enzyme called 5-alpha-reductase converts some of it into
dihydrotestosterone, usually shortened to DHT. DHT acts strongly in tissues including
the prostate, skin, facial-hair follicles, and external genital structures. Another enzyme
called aromatase converts some testosterone into estradiol, a form of estrogen. This
conversion occurs in fat, bone, the brain, and other locations. Estradiol helps preserve
male bone strength and participates in sexual function and body regulation, showing
why simply trying to eliminate estrogen in men can create harm. The body uses
testosterone as both an active messenger and raw material for other necessary
hormones.

Its influence begins before birth. In a fetus with the biological pathway for male
development, testosterone and DHT help form the internal and external reproductive
structures. A temporary rise also occurs during the first months after birth, although
many of its purposes are still being studied. Production then remains relatively quiet
through much of childhood. Puberty begins when the brain increases its GnRH signals
and awakens the reproductive system. The testicles enlarge, sperm production begins,
the penis grows, the voice deepens, and facial and body hair develop. Muscle and bone
grow, oil glands become more active, and sexual interest commonly increases.

The visible changes of puberty happen over years because tissues require time to
respond. Testosterone helps enlarge the voice box, and the lengthening vocal cords
produce a deeper voice. It supports protein building in muscle, allowing resistance
training and nutrition to produce more tissue. It stimulates bone growth during
adolescence and later helps maintain bone density, which describes how much mineral
strength is packed into bone. It also encourages the bone marrow to make red blood
cells, the cells that carry oxygen. A healthy amount assists these functions, while an
excessive amount can push red-cell production too far. Hormonal effects therefore
depend on balance rather than a belief that more always produces a better body.

Height provides a useful example of that balance. Testosterone contributes to the
adolescent growth spurt, partly through direct effects and partly after conversion into
estradiol. Estradiol eventually helps close the growth plates, which are areas near the



ends of developing bones where length is added. An unusually early rise in sex
hormones can produce rapid childhood growth followed by early plate closure and a
shorter final height than expected. Delayed puberty can postpone growth and sexual
development. This is why testosterone should never be given casually to a child or
adolescent seeking faster muscle development. Hormonal timing affects the structure of
the developing body, not merely its temporary appearance.

During adulthood, testosterone continues supporting reproductive and general health. It
helps maintain sexual desire, spontaneous erections, sperm production, muscle mass,
bone strength, and red-blood-cell formation. Its relationship with mood, concentration,
and energy is real but less direct because sleep, depression, thyroid function,
medications, chronic disease, relationships, and stress affect the same experiences.
Erectile function also depends heavily on blood vessels, nerves, medications, mental
state, and cardiovascular health. A man can have normal testosterone and erectile
dysfunction, while another can have a low level without severe erection problems. Sexual
desire and the physical ability to produce an erection are connected but separate
functions. Treating every sexual difficulty as a testosterone problem can therefore delay
discovery of diabetes, vascular disease, medication effects, sleep apnea, or
psychological distress.

The same caution applies to fatigue. Low testosterone can contribute to reduced energy,
but fatigue is one of the broadest symptoms in medicine. Anemia, inadequate sleep,
depression, infection, heart disease, thyroid disorders, diabetes, nutritional deficiency,
chronic pain, and many medications can produce a similar feeling. Reduced muscle,
increased body fat, low motivation, and declining sexual interest can also develop
through several routes. Symptoms create a reason to investigate; they do not identify the
cause by themselves. A diagnosis becomes stronger when a consistent group of
symptoms appears alongside repeatedly low laboratory results. Good medicine joins the
person’s experience with measurable evidence rather than allowing either one to stand
alone.

A true testosterone deficiency in males is called hypogonadism. “Hypo” means low,
while “gonads” refers to the testicles or ovaries. In primary hypogonadism, the problem
begins in the testicles, which cannot produce enough hormone despite receiving
instructions from the brain. LH and FSH may rise because the pituitary gland keeps
sending stronger messages to organs that cannot respond adequately. Possible causes
include genetic conditions such as Klinefelter syndrome, testicular injury, certain
infections, chemotherapy, radiation, severe inflammation, or surgical removal of the
testicles. The low testosterone is the visible result, while the testicular condition is the
underlying cause. Replacing the hormone may address part of the deficiency, but
identifying the cause still matters for fertility, general health, and family counseling.

Secondary hypogonadism begins higher in the signaling system. The testicles may
remain capable of working, but the hypothalamus or pituitary gland fails to send enough
LH and FSH. Pituitary tumors, high prolactin, brain injury, certain genetic conditions,



severe obesity, major illness, nutritional deprivation, and some medications can interfere
with these signals. Opioid pain medicines are a significant example because long-term
use can suppress the hormonal pathway. Glucocorticoids, which include steroid
medicines used for inflammation, can also affect production. In secondary cases, LH and
FSH may be low or appear inappropriately ordinary when they should be elevated. That
pattern helps clinicians locate the problem rather than simply labeling the final
testosterone number.

Some suppression is functional, meaning the reproductive organs may be structurally
capable but the body has reduced hormone production during another strain. Serious
illness can temporarily lower testosterone because survival takes priority over
reproduction. Severe calorie restriction and inadequate dietary fat or protein can interfere
with the hormonal signals needed for normal production. Extreme training without
enough recovery can create the same problem, particularly when energy intake fails to
match energy use. Obesity can lower total testosterone through several mechanisms,
including altered SHBG, increased conversion of testosterone into estrogen in fat tissue,
sleep apnea, inflammation, and changes in brain signaling. Meaningful weight reduction
can improve levels in some men whose suppression is connected to excess body fat.
The improvement comes from restoring the system’s conditions, not from discovering a
magical testosterone food.

Levels also change across the day. Many younger men reach their highest concentration
in the morning, followed by a gradual decline. Day-to-day variation means a low result
can be followed by a normal one. Poor sleep, recent illness, unusual stress, fasting
conditions, and laboratory methods can affect the measurement. For this reason, the
Endocrine Society’s clinical guidance recommends diagnosing male hypogonadism only
when compatible symptoms occur alongside consistently and clearly low levels.
Confirmation generally requires at least two early-morning blood tests on separate days,
commonly collected between seven and ten in the morning. Shift workers and people
with unusual sleep schedules may need testing planned around their waking pattern
rather than the wall clock alone.

Test results are commonly reported in nanograms per deciliter, written as ng/dL. A
nanogram is one-billionth of a gram, while a deciliter is one-tenth of a liter. Many
clinicians use a total testosterone level around 300 ng/dL as a practical point supporting
deficiency in adult men, but that number is not a universal border between health and
disease. Laboratories use different equipment and reference ranges, and age, symptoms,
SHBG, and timing influence interpretation. A result of 299 does not suddenly create a
disorder that disappears at 301. Repeated values substantially below the laboratory
range carry more meaning than one borderline result collected after poor sleep or illness.
The purpose of testing is to understand a person’s physiology, not to chase one target
number.

When total testosterone and symptoms disagree, free testosterone may add useful
information. This is especially relevant when SHBG is unusually high or low. The test
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itself must be reliable because free testosterone is difficult to measure accurately, and
some inexpensive methods perform poorly. Clinicians may measure SHBG and albumin
and then calculate free testosterone using validated formulas. Additional blood work can
include LH, FSH, prolactin, thyroid measurements, iron studies, and other tests chosen
from the person’s history. A pituitary MRI may be appropriate when results suggest a
pituitary disorder, particularly with very low testosterone, abnormal prolactin, headaches,
vision changes, or several missing pituitary hormones. Diagnosis is a process of
locating the interruption, not a contest to obtain a prescription.

Aging enters this picture gradually. Testosterone often declines as men grow older,
although the amount and speed differ widely. Chronic disease, medication use, reduced
activity, weight gain, and sleep disruption commonly accompany aging and can
contribute to the decline. Some older men retain healthy levels and function, while others
develop symptoms and repeatedly low measurements. Age alone does not establish
hypogonadism, and a lower level does not automatically require treatment. The useful
question is whether there is a consistent deficiency producing meaningful problems after
other explanations have been considered. Hormone treatment can help selected older
men, but it cannot return an entire aging body to its condition at twenty-five.

When genuine hypogonadism is established, testosterone replacement therapy can
restore hormone exposure to a more appropriate range. The objective is replacement,
meaning correction of a deficiency rather than the creation of unusually high levels.
Treatment may improve sexual desire, certain aspects of sexual activity, anemia, muscle
mass, and bone density in properly selected patients. Energy and mood may improve for
some people, while others experience little change because their symptoms came from
another source. Benefits emerge over different periods: sexual interest may respond
earlier than bone density, which takes much longer. A planned trial with measurable
goals is more informative than continuing indefinitely because a number increased. If the
blood value improves but the original symptoms do not, the diagnosis and treatment
plan deserve reconsideration.

Several delivery methods can place testosterone into the body. Gels are applied to the
skin daily and can provide relatively steady exposure, but the hormone can transfer to
another person through unwashed skin or contaminated clothing. Patches also deliver
through the skin and may cause irritation. Injections can be given at intervals depending
on the preparation, with some producing noticeable peaks after the dose and lower levels
before the next one. Pellets are placed under the skin and release medicine over months,
requiring a minor procedure. Nasal products and certain oral forms offer additional
choices with their own dosing and monitoring concerns. The best method depends on
cost, convenience, response, side effects, insurance coverage, household exposure, and
the ability to follow the schedule safely.

External testosterone changes the feedback loop described at the beginning. Once the
brain detects testosterone arriving from a gel, injection, pellet, or another source, it
reduces GnRH, LH, and FSH. The testicles then receive less stimulation and may become



smaller. More importantly, testosterone concentration inside the testicles can fall so
sharply that sperm production slows or stops. A man can have a high blood testosterone
level while becoming infertile because blood levels and the testicular environment serve
different purposes. Recovery after stopping may take months or longer, and full recovery
is not guaranteed in every case. Anyone wishing to father biological children needs a
fertility discussion before treatment begins.

That fertility issue changes how low testosterone may be managed. A reproductive
urologist or endocrinologist may sometimes use medicines that encourage the body’s
own signaling rather than supplying testosterone directly. Human chorionic
gonadotropin, called hCG, can imitate the action of LH and stimulate the testicles.
Certain medicines called selective estrogen receptor modulators can alter the brain’s
feedback and raise LH and FSH in selected patients, though some uses are outside
formal FDA approval for male hypogonadism. These treatments require specialist
judgment because the correct approach depends on whether the testicles can respond
and whether fertility is the goal. Internet “post-cycle therapy” uses similar drug names
without the same diagnosis, reliable medication supply, or monitoring. Manipulating
several hormones blindly can replace one imbalance with several others.

Monitoring gives replacement therapy its safety structure. Clinicians check whether
symptoms are improving and whether testosterone has reached the intended range
without becoming excessive. A complete blood count measures hematocrit, the
percentage of blood occupied by red blood cells. Testosterone can raise hematocrit,
making the blood more concentrated and sometimes requiring a dose adjustment, pause,
or investigation of contributing problems such as sleep apnea or smoking. Blood
pressure deserves attention because testosterone products can raise it. Depending on
age and risk, prostate assessment and prostate-specific antigen testing may be
discussed before and during therapy. Monitoring can also include sleep symptoms,
swelling, acne, breast changes, urinary problems, mood, and the condition that originally
caused the deficiency.

The relationship between testosterone and cardiovascular health has been debated for
years. In February 2025, the FDA removed the boxed-warning language concerning
increased major cardiovascular events after a large trial found no increase in the
combined rate of cardiovascular death, heart attack, or stroke among appropriately
selected men receiving treatment for hypogonadism. The agency simultaneously
required broader warnings about increased blood pressure across testosterone
products. This means the old claim that medically indicated replacement automatically
causes heart attacks is too broad, while the opposite claim that therapy carries no
cardiovascular concerns is equally careless. Blood pressure, red-cell concentration,
clotting history, heart failure, rhythm problems, kidney health, and the person’s
underlying cardiovascular risk still matter. The FDA’s current labeling update supports
careful selection and monitoring rather than fear or casual use.
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The prostate requires the same measured thinking. Prostate tissue responds to
androgens, and severe testosterone reduction is used to slow many advanced prostate
cancers. That biological fact does not prove that ordinary replacement causes prostate
cancer in every treated man. It does mean that known or suspected prostate disease
must be evaluated and that changes during therapy deserve attention. Treatment is
generally avoided or delayed in men with active prostate or male breast cancer unless an
appropriate specialist directs otherwise. An unexplained prostate nodule or elevated
prostate-specific antigen may require urological evaluation before testosterone begins.
Monitoring protects the patient from treating one condition while overlooking another.

Other concerns include acne, oily skin, fluid retention, breast tenderness, reduced sperm
production, testicular shrinkage, and worsening of certain urinary or sleep symptoms.
Untreated severe obstructive sleep apnea deserves particular attention because
breathing repeatedly stops during sleep, lowering oxygen and disrupting the hormonal
system. Testosterone may worsen apnea in some circumstances, while effective apnea
treatment can improve sleep, energy, sexual function, and sometimes hormone levels. A
high hematocrit before treatment increases concern because therapy may raise it farther.
Recent major cardiovascular events, uncontrolled heart failure, clotting disorders, and
several other conditions require individualized specialist decisions. The presence of one
risk does not create the same answer for everyone, but it raises the level of care needed.

Outside medical replacement lies anabolic-androgenic steroid use. “Anabolic” refers to
tissue building, while “androgenic” refers to effects associated with androgens, such as
body hair, voice, skin oil, and reproductive changes. Some synthetic steroids emphasize
muscle-building activity, but none can separate those effects perfectly from hormonal
consequences. Bodybuilding doses often push androgen exposure far beyond natural
levels. Muscle and strength may increase, yet the feedback system shuts down, sperm
production falls, testicles shrink, and the body’s own testosterone may remain
suppressed after use stops. The visible body can appear powerful while the reproductive
and cardiovascular systems are under considerable strain.

High-dose steroid use can lower protective HDL cholesterol, raise harmful lipid patterns,
increase blood pressure, enlarge or damage the heart, promote abnormal clotting, and
contribute to heart attack or stroke. Oral anabolic steroids can place particular stress on
the liver. Acne, scalp hair loss in genetically susceptible people, breast growth in men,
tendon injury, and sleep problems can occur. Mood changes vary; some users
experience irritability, anxiety, aggression, depression, or severe difficulty when
stopping, while others do not show the stereotype of uncontrolled rage. Dependence can
develop when maintaining size, strength, mood, or identity begins requiring continued
use. A “cycle” merely describes a planned period of drug use; it does not make the
exposure medically safe.

The body’s response after a cycle can be especially difficult. External androgens may
leave LH, FSH, natural testosterone, and sperm production suppressed. The person may
then experience low sexual desire, erectile problems, fatigue, depressed mood, loss of



muscle, and infertility. Recovery may occur over months, but the timing is unpredictable
and some individuals remain impaired. Adding unregulated post-cycle drugs can expose
the person to counterfeit products, incorrect doses, blood clots, vision problems, liver
injury, and additional hormonal disruption. Medical evaluation may include testosterone,
LH, FSH, estradiol, a blood count, liver tests, lipids, and semen testing when fertility
matters. Honest disclosure is essential because a clinician cannot interpret the hormonal
pattern correctly while the outside drug exposure is hidden.

Commercial “testosterone boosters” occupy a less dramatic but still confusing part of
the market. Labels may promise vitality, masculinity, fat loss, and sexual power through
mixtures of herbs, vitamins, minerals, or hormone-like ingredients. A nutrient such as
zinc or vitamin D supports normal physiology when a true deficiency exists, but taking
far beyond the needed amount does not reliably turn a healthy system into a superior
one. Some supplements contain undeclared stimulants, pharmaceuticals, or steroid-like
compounds. DHEA is itself a hormone precursor rather than an ordinary nutritional
substance, so using it can affect acne, hair, mood, and other hormone measurements.
“Natural” describes an origin or advertising category, not a guarantee of effectiveness or
safety. A supplement that genuinely changes hormones strongly enough to transform the
body can also change them strongly enough to cause harm.

Everyday habits influence the environment in which testosterone is produced.
Consistent sleep supports the brain’s hormonal rhythm, while repeated sleep loss and
untreated apnea can suppress it. Resistance exercise helps preserve muscle, bone,
insulin sensitivity, and physical function. Adequate calories, protein, healthy fats,
vitamins, and minerals give the body the raw materials needed for normal hormone
production. Maintaining a healthier body composition may improve testosterone when
obesity is disrupting the system. Limiting heavy alcohol use and reviewing medications
with a clinician can remove other sources of interference. These habits build a healthier
hormonal environment, even when they do not produce the spectacular number
promised in advertisements.

Women can also experience clinically important androgen excess. Higher testosterone
may contribute to coarse facial or body hair, persistent acne, irregular or absent
menstrual periods, thinning scalp hair, difficulty ovulating, and infertility. A frequent
cause is the condition long known as polycystic ovary syndrome, or PCOS; an
international renaming effort announced in 2026 calls it polyendocrine metabolic ovarian
syndrome, or PMOS, to reflect that the disorder involves more than ovarian cysts. Insulin
resistance, ovarian signaling, metabolism, and androgen production can interact within
this condition. A woman can have the syndrome without every possible symptom, and
the presence of facial hair alone does not establish it. Testing and history help separate
common hormonal patterns from thyroid disease, medication effects, adrenal conditions,
and less common ovarian or adrenal tumors.

The speed of change matters when evaluating high testosterone in women. Acne or
gradually increasing facial hair over several years often points toward a common



hormonal condition. Rapid voice deepening, sudden heavy hair growth, major muscle
change, loss of menstrual periods, or enlargement of the clitoris deserves prompt
medical evaluation. Fast progression can signal a much larger androgen exposure from
medication, supplements, an ovarian problem, or an adrenal disorder. Laboratory work
may include total and free testosterone, SHBG, DHEA sulfate, and other hormones
chosen according to the symptoms. DHEA sulfate helps examine adrenal androgen
production because it comes mainly from the adrenal glands. The pattern of several
results can suggest where the excess is originating.

Questions about low testosterone in women require equal care because symptoms such
as fatigue and reduced sexual desire have many causes. Relationship strain, pain,
menopause-related tissue changes, depression, sleep disruption, medications, thyroid
disease, and life stress can all affect sexual interest. Female testosterone levels are
much lower than male levels and can be difficult to measure accurately with some
standard laboratory methods. Testosterone treatment may be considered by specialists
in limited circumstances, particularly certain postmenopausal women with persistent,
distressing low sexual desire after other causes are evaluated. Doses must remain far
below typical male replacement doses. Excess exposure can cause acne, increased
facial hair, scalp hair loss, voice deepening, menstrual changes, and clitoral enlargement,
some of which may be permanent.

Testosterone also has a medical role in gender-affirming care for transgender men and
some nonbinary people. In that setting, treatment is intended to produce masculinizing
changes such as a deeper voice, facial and body hair, increased muscle, altered fat
distribution, and reduced menstruation. Some effects develop gradually, and
several—particularly voice deepening and certain hair changes—may remain after
treatment stops. Fertility may decline, but testosterone is not dependable birth control,
so pregnancy can still occur when reproductive organs capable of pregnancy remain.
Blood count, blood pressure, hormone levels, metabolic health, and individual risk
factors require monitoring. The same hormone follows the same biology, while the
purpose and desired treatment range differ from replacement for male hypogonadism.

The emotional verbage surrounding testosterone can be more powerful than the
chemistry. Society often uses the word as a substitute for courage, aggression,
competitiveness, sexual ability, or manhood. Human behavior grows from brain
development, personality, culture, experience, sleep, trauma, opportunity, relationships,
and many interacting hormones. Testosterone can influence motivation, sexual interest,
and responses to social situations, but it does not manufacture character or determine a
person’s worth. A high level does not guarantee strength, fertility, confidence, or sexual
performance. A low result does not remove adulthood, dignity, discipline, or identity.

The clearest way to think about the entire subject is to follow the signal. The brain sends
instructions, the reproductive organs and adrenal glands produce hormones, carrier
proteins transport them, tissues respond, and feedback returns to the brain. A difficulty
can arise at any point in that sequence. Symptoms reveal how the person feels, blood



tests measure one portion of the system, and additional evaluation locates the cause.
Treatment can restore a genuine deficiency, protect long-term bone and blood health,
and improve meaningful symptoms when it is correctly chosen. The same treatment can
suppress fertility, increase blood pressure or hematocrit, and conceal another diagnosis
when it is used casually.

Testosterone is therefore best understood as a regulator rather than a shortcut. It helps
build the body during development, supports reproduction and physical maintenance in
adulthood, and interacts constantly with sleep, nutrition, metabolism, illness,
medications, estrogen, and the brain. Healthy function comes from coordinated signaling
more than from pursuing the highest possible number. A laboratory result gains meaning
only when joined with symptoms, timing, repeat testing, health history, and the
conditions affecting production. Medical replacement aims to return a deficient system to
useful balance; enhancement pushes the system beyond that purpose and carries a
different level of risk. Once that distinction is clear, the subject stops being a collection
of masculinity claims and becomes what it truly is: a carefully regulated conversation
taking place throughout the body.



