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Is the thyroid function a positive or negative feedback loop in relation to heart
rate

Thyroid function in relation to heart rate is regulated through a negative feedback
loop, not a positive one. Here's why:

How It Works

o Thyroid hormones (T3 and T4) increase metabolism and stimulate the heart,
raising heart rate and cardiac output.

e These hormones are controlled by the hypothalamic-pituitary-thyroid (HPT)
axis:

o The hypothalamus releases TRH (thyrotropin-releasing hormone).
o The pituitary releases TSH (thyroid-stimulating hormone).
o The thyroid produces T3 and T4.

e When T3 and T4 levels rise too high, they inhibit TRH and TSH release. This
reduces further thyroid hormone production.

» This negative feedback loop keeps thyroid hormone levels — and thus heart

rate — within a normal range.

Why Not Positive Feedback?

e A positive feedback loop would mean thyroid hormones keep stimulating
more release of TRH/TSH, leading to runaway hormone production and
uncontrolled heart rate. That doesn't happen in normal physiology.
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o Positive feedback is rare in the body (examples: childbirth contractions, blood

clotting). Thyroid regulation is firmly negative feedback.

So, in short: thyroid regulation of heart rate is governed by a negative feedback
loop — the body constantly checks and balances hormone levels to prevent
extremes.

Would you like me to map out a simple diagram of the HPT axis showing how
thyroid hormones loop back to control heart rate?

How to easily recall the concept of positive vs negative feedback loop

A handy way to recall the difference is to anchor each feedback type to a simple
mental image:

Negative Feedback Loop ©

Think: Thermostat.

When the room gets too hot, the thermostat shuts off the heater. When it gets
too cold, it turns it back on.

The system pushes back against change to maintain balance (homeostasis).

Example: Thyroid hormones suppress TRH/TSH when levels are high.

Positive Feedback Loop »

Think: Microphone feedback.

A sound goes into the mic, gets amplified, and loops louder and louder until it
screeches.

The system amplifies change instead of resisting it.

Example: Oxytocin during childbirth — contractions trigger more oxytocin,
which triggers stronger contractions.

Quick Mnemonics

Negative feedback = "No more!" (system says stop, reduce, balance).

Positive feedback = "Pile it on!" (system says keep going, amplify, escalate).
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If you picture a thermostat for negative feedback and a runaway microphone
squeal for positive feedback, you'll never mix them up again.

Would you like me to sketch a super-simple diagram showing both loops side by
side for visual memory reinforcement?

Negative fl is like a regulator

Exactly — you've nailed it. A negative feedback loop acts like a regulator
because it constantly checks the system and adjusts to keep things stable.

Easy Way to Picture It
» Negative feedback = regulator / stabilizer

o Like cruise control in a car: if you speed up too much, it eases off the gas;
if you slow down, it adds more.

o Goal: maintain balance (homeostasis).
» Positive feedback = accelerator / amplifier

o Like pressing a microphone too close to a speaker: the sound keeps
amplifying until it screeches.

o Goal: drive the process forward until a natural endpoint (e.g., childbirth).

Quick Memory Trick
* Negative feedback - "Negates change" (pushes back, regulates).
» Positive feedback — "Promotes change" (pushes forward, amplifies).

If you keep the image of a thermostat or cruise control in mind for negative
feedback, and a runaway microphone squeal for positive feedback, the distinction
becomes effortless.

Would you like me to put together a simple side-by-side diagram of both loops so
you can visually lock in the difference?

Relationships of tsm, t4,t3, estrogen birth control (physiological), but define
first

Great question — let's break this down step by step so the relationships are clear.
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Key Definitions

o TSH (Thyroid-Stimulating Hormone): Produced by the pituitary gland;
stimulates the thyroid to release T4 and T3.

o T4 (Thyroxine): The main hormone secreted by the thyroid; relatively inactive
but converted into T3 in tissues.

e T3 (Triiodothyronine): The active thyroid hormone; regulates metabolism,
heart rate, and many cellular processes.

o Estrogen (from birth control pills): A synthetic hormone that can influence
liver function, protein binding, and feedback loops in the endocrine system.

Physiological Relationships
1. TSH - T4/T3
e TSH stimulates the thyroid to release T4 and T3.
» High levels of T4/T3 inhibit TSH release (negative feedback).
o Low levels of T4/T3 stimulate more TSH release.
2. T4 - T3 Conversion
e T4 is converted into T3 in peripheral tissues (like the liver and kidneys).

e T3 is the more potent hormone that directly affects metabolism and heart
rate.

3. Estrogen (Birth Control) ~ Thyroid Hormones
» Estrogen increases thyroxine-binding globulin (TBG) in the liver.

e More TBG means more thyroid hormone is bound (inactive), leaving less
free T4/T3 available.

e The pituitary may respond by increasing TSH to maintain balance.

 Clinically, women on estrogen-containing birth control may show higher
total T4/T3 levels, but free hormone levels (the active form) remain normal
if the system compensates.
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Putting It Together
o TSHis the regulator. It keeps thyroid hormone levels in check.
o T4 is the reservoir. It's abundant but less active.

e T3is thedriver. It's the active hormone that influences metabolism and heart
rate.

» Estrogen (from birth control) shifts the balance. By increasing binding
proteins, it changes how much thyroid hormone is free vs. bound, which can
subtly alter lab results and feedback dynamics.

Would you like me to create a simple flow diagram showing how TSH, T4, T3, and
estrogen interact, so you can visualize the feedback and binding effects more
clearly?

Here's the diagram you asked for — it maps out the relationships between TSH,
T4, T3, and estrogen from birth control clearly:

https://copilot.microsoft.com/th/id/BC0.b4ad5926-8fba-4652-9880-d72ff108ad6d.png
How to Read It
e Hypothalamus - Pituitary —» Thyroid:
o TRH from the hypothalamus stimulates the pituitary.
o Pituitary releases TSH, which stimulates the thyroid.
o Thyroid produces T4 and T3.
e Negative Feedback:
o T4/T3 loop back to inhibit TRH and TSH when levels are high.

o Estrogen Effect:

o Estrogen (from birth control) increases thyroxine-binding globulin (TBG)
in the liver.

o More TBG binds thyroid hormones, reducing free (active) T4/T3.

o Pituitary may adjust TSH to maintain balance.
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This flowchart shows both the regulatory feedback loop and the modulatory
effect of estrogen on thyroid hormone availability.

Would you like me to also add a clinical example (like how thyroid lab results can
look different in women taking estrogen-containing birth control) to make this
more practical?

Yes, clinical example. Show also the physiological dynamics when a patient is
taking estrogen birth control and not tell the doctor about it and Md suspect
hypothyroidism and prescribe Synthroid

Here's a clinical scenario that illustrates how estrogen-containing birth control can
affect thyroid hormone interpretation — and potentially lead to misdiagnosis:

- Clinical Example: Estrogen Birth Control Masking
Thyroid Function

Scenario

A patient is taking estrogen-containing birth control pills but doesn’t inform their
doctor. The doctor orders thyroid labs due to symptoms like fatigue and weight
gain.

Lab Results
o Total T4/T3: Elevated

o Free T4/T3: Normal or slightly low
o TSH: Normal or slightly elevated

What's Happening Physiologically
» Estrogen increases thyroxine-binding globulin (TBG) in the liver.
e More TBG binds thyroid hormones - less free (active) T4/T3.
e The pituitary may respond by increasing TSH to maintain free hormone levels.

e The elevated total T4/T3 is misleading — it reflects bound hormone, not
active hormone.
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Misinterpretation Risk

e Doctor sees slightly elevated TSH and low-normal free T4 - suspects

hypothyroidism.

« Prescribes levothyroxine (Synthroid) unnecessarily.

» Patient may develop symptoms of hyperthyroidism (palpitations, anxiety,

weight loss) due to excess hormone.

¢ Key Takeaway

Always consider estrogen status when interpreting thyroid labs — especially in
women of reproductive age. Total hormone levels can be misleading if binding

proteins are altered.

Would you like me to walk through how thyroid labs should be interpreted

differently in patients on birth control vs. those who aren't?

List all common negative feedback loop and positive feedback loop in human

body

Here's a comprehensive list of common negative and positive feedback loops in

the human body, organized for clarity:

@ Negative Feedback Loops
(Regulatory/Homeostatic)

These loops maintain stability by counteracting changes.

System Stimulus Response
Thyroid Regulation Low T3/T4 ™ TSH
Blood Glucose High glucose P Insulin
Body Temperature  High tem Vasodilation,

y P g P sweating
Blood Pressure High BP Baroreceptor reflex
Calcium )

Low Ca“* ™ PTH

Homeostasis
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Outcome
Restores T3/T4 levels

Lowers glucose
Cools body down

4 Heart rate &
vasodilation

1 Bone resorption,
Ca?*



System

Cortisol Regulation

Osmoregulation

Erythropoiesis

Acid-Base Balance

Stimulus
Stress —» 1 Cortisol

High plasma
osmolarity

Low O:2

Low pH

Response

Vv CRH & ACTH

™ ADH

™ EPO

1 Respiration

Outcome

Prevents excess
cortisol

T Water reabsorption

1 RBC production
4 CO2, ™ pH

@ Positive Feedback Loops (Amplifying/Driving to

Completion)

These loops enhance or accelerate a process until a specific endpoint.

System
Childbirth

Lactation
Blood Clotting
Ovulation

Nerve Signal
Transmission

- Memory Tip

Stimulus
Cervical stretch

Infant suckling
Vessel injury

1 Estrogen

Na+* influx

Response
1 Oxytocin

1 Oxytocin
Platelet activation
M LH surge

More Na+* channels
open

Outcome

Stronger contractions
until delivery

Milk ejection continues
Cascade until clot forms

Triggers ovulation

Rapid depolarization

» Negative = "Negates change” — thermostat, regulator.

o Positive = "Pushes forward” - amplifier, cascade.

Would you like a visual chart comparing these loops side by side for easier

memorization?

Great expansion — let's place heart rate, metabolism, lipolysis, and hydration
into the framework of feedback loops:

@ Negative Feedback Loops
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These regulate and stabilize.
e Heart Rate
o Controlled by baroreceptors.
o M Blood pressure — baroreceptors signal brain - { heart rate.
o ¥ Blood pressure - 1 heart rate.
o Keeps circulation stable.
o Metabolism (Thyroid hormones)
o M T3/T4 - inhibit TRH/TSH release.
o Prevents runaway metabolism.
o Classic hypothalamic-pituitary-thyroid negative feedback.
 Lipolysis (Fat breakdown)
o Insulin and glucagon balance fat metabolism.
o High glucose — 1 insulin - ¥ lipolysis.
o Low glucose — 1 glucagon/epinephrine — 1 lipolysis.
o Negative feedback maintains energy supply.
o Hydration (Osmoregulation)
o High plasma osmolarity - ™ ADH — water retention.
o Low osmolarity - 4 ADH — water excretion.

o Keeps fluid balance steady.

@ Positive Feedback Loops
These amplify until a natural endpoint.
+ Heart Rate

o Normally negative feedback, but in extreme cases (e.g., sympathetic
surge, arrhythmias), positive feedback can occur: tachycardia — reduced
filling — ¥ cardiac output —» 1 sympathetic drive — even faster heart rate.
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o Pathological, not homeostatic.

Metabolism

o Generally negative feedback. Positive feedback is rare, but in hyperthyroid
states, elevated metabolism can further stimulate sympathetic activity,
amplifying metabolic rate.

o Again, more pathological than physiological.
Lipolysis

o During prolonged fasting, lipolysis increases — more free fatty acids -
ketone production — ketones suppress appetite — prolong fasting.

o This can act like a positive feedback loop until food intake resumes.
Hydration

o Mostly negative feedback. Positive feedback is rare, but in dehydration
shock, low blood volume - { perfusion - ¢ kidney function - less urine
output — worsening dehydration.

o Pathological amplification.

Key Insight
Normal physiology = negative feedback (regulation).

Positive feedback = special events or pathological states (amplification until
endpoint).

Would you like me to build a side-by-side chart showing the normal (negative
feedback) vs. pathological/rare (positive feedback) dynamics for these four
systems?
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