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Endocrinology: Thyroid, Regulation and Testing

Clinical Pathologic Correlation in Thyroid disease
Disorders of endocrine systems often do not lend themselves to the approach of a Chief Complaint from
which one should establish a Differential Diagnosis. This is because hormones affect many different cells
in different organs, each having its own symptom and/or sign and this results in a syndrome. In
endocrinology, a pattern of findings that suggest a specific syndrome are confirmed by laboratory testing.

The evolution of temperature regulation and thyroid hormone
-

-
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Synthesis of thyroid hormone is first seen in early vertebrates. The thyroid gland first
evolved from a mucin-secreting, food-trapping structure in the pharynx of invertebrates
called the endostyle. Thyroid hormone regulates the signaling pathways for
development, such as larval metamorphosis, relative to nutritional status.
The next evolutionary use of thyroid hormone was in thermogenesis, allowing the
transition from exotherms to endotherms. T4 was used to create endogenous heat by
increasing the production of proteins that caused leakiness of membranes in muscles
and heart. This creates inefficiency that requires increased action of molecular pumps,
resulting in the production of heat:
o Cell membrane leakiness increases the activity of the Na/K ATPase
o Mitochondrial inner membrane leakiness (i.e. uncoupling), increases ETC activity
o SER leakiness increases the activity of SERCA, a critical signaling pathway in
skeletal and cardiac muscles.
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Endotherms can be active in cold weather. The cost for this is a higher rate of
metabolism, roughly 10X that of exothermic animals.
Thyroid hormone forms the foundation of temperature regulation in humans.
o Temperature is regulated by the hypothalamus, which establishes a set point of
about 98.6 °F. It is unknown why this is our usual temperature.
o This baseline temperature is achieved using the TRH →TSH →T4/T3 axis to create
heat (see above). The level of activity required to generate a body temperature
of 98.5° C is called the basal metabolic rate (BMR).
o Sensory input on peripheral temperature comes from the skin of the palms and
soles. Core temperature is measured directly by the hypothalamic neurons
themselves with further input from spinal neurons.
o The hypothalamus controls body temperature through the sympathetic nervous
system (SNS) which causes vasodilation or vasoconstriction of the skin
vasculature.
 Further cooling is achieved by sweating (SNS)
 Further heat generation in adults by shivering (SNS)
 Further heat generation in babies through brown fat (SNS)
o This intimate connection of body temperature regulation by the hypothalamus
using T4 for base temperature and the SNS for homeostasis is reflected in the
presentation of thyroid disease.
 Elevated levels of thyroid hormone cause
• Increased heat production: symptom of heat intolerance
• Increased metabolic activity: weight loss with increased appetite
• Increased sympathetic tone: anxiety, tremors
• Muscle-cardiac symptoms: weakness, atrophy, arrhythmias
 Decreased levels of T4 have the opposite effect.

Structure: Regional and Gross anatomy: See Endocrine, thyroid: neck masses
Regulation of thyroid hormone
-

-
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Regulation is through the hypothalamic > pituitary > thyroid axis.
In the adult, thyroid hormone is the key hormone in regulating body temperature which
is established by the basal metabolic rate ( see above: Evolution of temperature
regulation).
The hypothalamus regulates body temperature by establishing the set point of 98.6 °F
and then maintaining homeostasis through the SNS control of skin vasodilation,
supplemented by sweating with excessive heat and shivering with excessive cold.
o Sensory input from the periphery comes from thermosensory neurons in the skin
(unmyelinated C fibers and thinly myelinated Aδ fibers) and spinal cord.
o The temperature regulatory center in the anterior hypothalamus has
thermoregulatory neurons for hot and cold.
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The set point can be varied by several different factors:
o Individual variation: normal individual temperatures can vary ±3 °F from 98.6 °F
o Diurnal variation: temperature is 1 °F lower at 4 A.M.
o Cytokines: IL-1 and other cytokines are well established causes of fever. They
induce the release of prostaglandins from hypothalamic endothelial cells (as
cytokines cannot cross the blood brain barrier).
o Hormones, progesterone: the basal temperature rises > 0.4 °F post-ovulation.
This has been used in fertility manipulation for decades, called the “rhythm
method”. It is better than nothing, but not reliable.
o Glucocorticoids not only have widespread anti-inflammatory effects, but also
neurohormonal effects. They cause a decrease in temperature and a decrease in
TRH.
1.
Hypothalamus: input from the thermoregulatory
center and other parts of the nervous system determine
the level of thyroid releasing hormone (TRH) from the
paraventricular nucleus.
2.
Pituitary: the TRH travels to the thyrotrophs of the
anterior pituitary via the portal system, which connects
the median eminence to the adenohypophysis (for more,
see: Endocrine: anterior pituitary gland). The
thyrotrophs release TSH.
• Sustained stimulation by TSH induces both
hyperplasia and hypertrophy of the thyroid cells.
3.
Thyroid: TSH regulates all aspects of thyroid
hormone synthesis (discussed below).
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Thyroid hormone synthesis

1. Iodine is actively absorbed through the Sodium-Iodine symporter (NIS) and passively
excreted into the colloid.
2. Thyroglobulin (TG) is actively synthesized in the follicular cell and secreted into the
colloid.
3. Thyroperoxidase (TPO) uses peroxide to put iodine into an active state that can be
covalently linked to the tyrosine amino acid in thyroglobulin.
a. Organification: TPO forms single iodine tyrosines, monoiodotyrosine, MIT or
double iodine tyrosines, diiodotyrosine (DIT).
b. Coupling: TPO combines two DITs to form T4 bound to TG or a DIT and a MIT to
form T3 bound to TG.
4. Endocytosis: TSH stimulation induces endocytosis of the TPO-modified TG.
5. The endocytosis vesicles fuse to lysosomes whose serine proteases release T4 and T3
from the TG.
6. T4 / T3 are released into the blood through the basolateral cell membrane and are
bound to their carriers: thyroglobulin (80%), transthyretin and albumin.
7. All the steps of synthesis are upregulated by TSH.

4

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
-

Pharmacology:
o Thioamides (e.g. methimazole): inhibit TPO
o Propylthiouracil (PTU): 2 actions, 1. Inhibits TPO and 2. Inhibits deiodinase that
produces T3
o Supersaturated KI (SSKI): saturates NIS, blocking I- uptake.

Thyroid hormone action
-

-

Thyroid hormone has the dual role of regulating normal development and metabolism.
This discussion only covers metabolism.
T4 should be considered a prohormone, as its effects on the nucleus are via T3
- T4 is bound tightly to protein in the blood
and only free T4 is active. The large pool of
bound T4 acts as a reservoir, making for a
steady state.
- In the cell, T4 is converted to T3 by 3
different deiodinases, Types 1, 2 and 3. These
are present in different proportions in
different tissues and respond to complex
signaling. Types 1 and 2 create the active
form, T3. Type 3 produces reverse T3 which is
inactive. Type 3 deiodinase increases in
sickness, to decrease the body’s metabolic
demands.
o The different deiodinases are found in
different proportions in different tissues. This
allows for a given T4 signal to have a different
response in different tissues. This is referred
to as peripheral modulation.
o
These complex changes in illness
make thyroid status difficult to assess in sick
patients. Thyroid testing should not be
performed without a clear indication.
In the nucleus, T3 binds to thyroid receptors (TR), which complexes with retinoic acid
receptor (RXR of acute promyelocytic leukemia fame) and other proteins.
This complex binds to thyroid response elements (TRE) in the DNA, with transcription
activation or repression.

Thyroid hormone transportation
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T4 and T3 are not water soluble and so have carriers in the blood, but do not then need
receptors in the membranes of target cell.
The 3 carrier proteins are thyroid-binding globulin, TBG, (75%), transthyretin, TTR,(20%)
and albumin (5%.)
T4 and T3 are highly bound, with <0.5% free. As only free T4 can enter the cell; the
bound T4 serves as a storage pool.
o In monitoring acute thyroid hormone changes, TSH, with a T1/2 of 1 hour, is a
better test than T4 which takes up to one week to change due to the large
storage pool.
TBG is increased by estrogen, for example, with the birth control pill or pregnancy.
Measurement of serum total T4 will be elevated, although the patient will be euthyroid
as free T4 is still normal.

Physiologic Changes in Pregnancy
System
Test
Change in
Physiologic response
pregnancy
Thyroid gland TSH
↓ 1st trimester Due to ↑β-HCG
Total T4 &T3
↑
↑TBG from ↑estrogen
Adrenal gland Total Cortisol
↑
↑CBG from ↑estrogen
Cardiovascular Plasma volume ↑50%
1st trimester heart failure
PVR
↓50%
Effect of progesterone, NO
Heart rate
↑15 /min
Lungs
Respiratory rate ↑20 /min
RBCs
Hgb/Hct
↑25%
Physiologic anemia (hemodilution)
Testing in Thyroid disease
-

-
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Signs and symptoms of thyroid dysfunction have low sensitivity and specificity, so
laboratory testing is the foundation of diagnosis.
o Only 40% of clinically overt hypothyroidism is recognized clinically.
o The group with the highest prevalence of all thyroid disease is females >50 years
of age.
“TSH only” is a common testing strategy compared to ordering a panel of tests such as
TSH/total T4/total T3 or TSH/free T4/free T3, which are more expensive
o TSH levels show significant variability, comparable to body temperature:
 Individual set-points: it is difficult to establish population reference
ranges
 Diurnal variation: TSH increases 50% at night
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Illness: the hypothalamus connects the internal body environment to the
external environment. Inflammation, starvation, and stress can all
decrease TSH
 Medications: corticosteroids, dopamine and amiodarone all affect thyroid
metabolism
o “TSH only” testing assumes that the disease will be in the thyroid gland (i.e. 1°
disease). Pituitary disease (i.e. 2° disease) will not be identified.
o In an otherwise normal patient, a normal TSH rules out hypothyroidism.
The TSH-T4 relationship
o The is a tight non-linear inverse correlation between TSH and free T4
o As free T4 decreases, there is an exponential increase in TSH and an increase in
the amplitude of TSH pulses, which follow TRH pulses.
o The set-point of the TSH-T4 response is individual. This means that comparing
the trend of a patient’s results is more accurate than a reference range derived
from a broad population.
o The cellular and tissue response to changes in T4 are slower than the changes in
the HPT axis. There is no test at this level, and one is left with clinical evaluation.
Subclinical thyroid dysfunction
o This refers to patients with an increase in TSH but normal T4/T3
o It is common, seen in 10% of women over 60 years
o There is some large population data that both subclinical hypothyroid and
hyperthyroid dysfunction is associated with chronic disease, including heart,
lipids, bone and other organs.
o Due to the variability of TSH, subclinical thyroid dysfunction should only be
diagnosed after several measurements over 3-6 months.
o In infertile and pregnant women, TSH levels in subclinical hypothyroidism should
be treated.


-

-

Thyroid Testing
Analyte
TRH1 injection
TSH
Total T4
Free T4
Total T3

Indication
2° disease
Key thyroid test

1° thyroid disease
1° thyroid disease
Clinical hyperthyroidism
with ↓TSH & normal T4
Thyroglobulin ٠Thyroid cancer marker
٠Factitial ↑T4
4
Anti-TPO Ab
↑TSH, normal or ↓T4
Anti-TSH-R5 Ab Hyperthyroidism
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Interpretation
Pituitary failure
1° thyroid dysfunction
↓ and ↑ function
↓ and ↑ function
T3 thyrotoxicosis
TG is elevated in 1°
hyperthyroid states
Hashimoto thyroiditis
Graves disease

Limitations
Serum TRH = TSH2
٠Individual variation
٠Medications
TBG3 variation
Difficult to standardize
Same as T4
Nonspecific.
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1.Thyroid releasing hormone, 2. Thyroid stimulating hormone, 3. Thyroid binding globulin, 4. Thyroid peroxidase,
5. Thyroid stimulating hormone receptor
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Endocrinology: Thyroid, Regulation and Testing
Do You Know It?
1. Draw the Hypothalamic-Pituitary-Thyroid axis and its feedback.

2. How does the body regulate temperature?

3. How variable is body temperature and name some variables in its set point?

4. Describe the synthesis of thyroxine.

5. What are the mechanisms of action of
a. SSKI
b. Methimazole
c. PTU
d. Propranolol
6. Describe the cellular action of T4.
a. Why does the effect of T4 vary between tissues and with different external
environments?

7. Complete the table:
System
Thyroid gland

Test

TSH
Total T4 &T3
Adrenal gland Total Cortisol
Cardiovascular Plasma volume
PVR
Heart rate
Lungs
Respiratory rate
RBCs
Hgb/Hct
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Change in
pregnancy

Physiologic response
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8. What is subclinical thyroid dysregulation?

9. Complete the table.
Analyte
Indication
1
TRH injection
TSH
Total T4
Free T4
Total T3
Thyroglobulin
Anti-TPO4 Ab
Anti-TSH-R5 Ab

Interpretation

Limitations

1.Thyroid releasing hormone, 2. Thyroid stimulating hormone, 3. Thyroid binding globulin, 4. Thyroid peroxidase,
5. Thyroid stimulating hormone receptor
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