Congenital Iodine Deficiency
and Myxedema

A clinicopathologic study of hypothyroidism across the lifespan

Dr Abu Suraih Sakhri
MBBS, MD (Pathology)

www.abusuraihsakhri.com



https://www.abusuraihsakhri.com

Learning objectives

Explain the dependence of fetal neurodevelopment on thyroid hormone availability.
Distinguish nutritional iodine deficiency, developmental defects, and dyshormonogenesis.
Link the childhood phenotype and adult myxedema findings to hormone deficiency.
Interpret TSH and free T4 patterns in primary, central, overt, and subclinical disease.



One hormone deficit, two age-dependent phenotypes

Early-life onset Older child / adult onset
e Fetal/neonatal nervous-system development is e Physical and mental activity progressively slow.
highly vulnerable. e Cold intolerance, constipation, and reduced
e Growth failure and intellectual impairment cardiac output emerge.
may become prominent. e Extracellular matrix accumulation produces
e Coarse facial features, tongue protrusion, and nonpitting edema.

umbilical hernia may occur.

Timing of hormone deficiency determines which tissues and functions are most affected.



Hypothyroidism: Functional definition

e A structural or functional abnormality interferes with thyroid hormone production.
e The defect may reside in thyroid tissue or upstream regulatory structures.

e Clinical manifestations depend on severity, duration, and developmental age.

e Primary disease is far more common than central disease.



Hypothalamic—pituitary—thyroid axis

Hypothalamus Anterior pituitary Thyroid follicle Target tissue
=) =) =)

TRH TSH T4 and T3 izl aie

developmental effects

Pathophysiologic consequence

Thyroid hormone restrains hypothalamic TRH and pituitary TSH secretion by negative feedback.



How TSH activates thyroid follicles

TSH binding Gs protein Increased cAMP Thyroid response
=) =) =)

Thyroid TSH receptor Signal coupling Intracellular signaling EIE, erTeE

synthesis and release

Diagnostic interpretation

The pituitary signal acts on follicular epithelial cells; Failure of thyroid response can produce primary
hypothyroidism.



The follicle is the structural unit of thyroid hormone production

Follicular
epithelium

T4 / T3 released
Colloid to circulation

(thyroglobulin)

lodide-dependent
hormone
formation

Schematic: Native editable shapes; Not a histologic specimen



Thyroid hormones circulate mainly bound to plasma proteins

e Thyroid follicular cells release predominantly thyroxine (T4) and smaller amounts of
triilodothyronine (T3).

e Thyroxine-binding globulin, transthyretin, and albumin reversibly bind circulating
hormone.

e The free hormone fraction is available to tissues and supports physiologic signaling.



Peripheral activation of thyroid hormone

Thyroid secretion Peripheral tissues Active hormone Target nuclei
=) =) =)

Predominantly T4 Deiodination T3 Thyroid hormone

receptor

Pathophysiologic consequence

T3 binds the nuclear receptor more avidly than T4; Downstream effects involve regulation of
transcription.



Why thyroid hormone deficiency atfects many organs

e Thyroid hormone regulates carbohydrate and lipid catabolism and protein synthesis.

e |ts net physiologic effect includes increasing basal metabolic rate.

e Fetal and neonatal brain development critically depends on adequate availability.

e Adult deficiency affects cognition, thermoregulation, skin, heart, bowel function, and
lipids.



Negative feedback explains the diagnostic TSH response

Thyroid output falls Feedback weakens Pituitary response Interpretation
=) =) =)

: : : : : Primar
Lower circulating T4 Less axis restraint TSH rises Y

hypothyroidism

Diagnostic interpretation

An elevated TSH indicates an intact pituitary responding to inadequate thyroid output; Upstream disease
behaves differently.



Hypothyroidism is classified by the level of dystunction

Pattern

Anatomic site

Hormone deficit

Typical TSH

Role in this lecture

Primary

Thyroid gland

Reduced thyroid output

Increased

Common background for congenital and
adult cases

Central

Pituitary or hypothalamus

Inadequate TSH or TRH drive

Low or inappropriately normal

Important interpretation trap



Two distinct etiologic pathways in congenital hypothyroidism

Insufficient substrate Thyroid developmental / synthetic defect
e Dietary iodine deficiency reduces the substrate e Thyroid agenesis or hypoplasia reduces
available for hormone synthesis. functioning tissue.
e Historically endemic in iodine-poor regions. e Dyshormonogenesis interrupts a step in
e Food iodization has greatly reduced this hormone biosynthesis.
preventable burden. e Germline developmental abnormalities can

involve PAX8, FOXE1, or the TSH receptor.



Congenital iodine deficiency: Textbook definition

e Hypothyroidism appearing in infancy or early childhood in the context of deficient iodine
availability.

e Historically described using the term “cretinism,” now considered outdated terminology.

e The central consequence is thyroid hormone insufficiency during a vulnerable
developmental period.

e Rare inherited hormone-synthesis defects may produce a similar early-life syndrome.



Endemic iodine deficiency is a nutritional setting

e Mountainous and inland regions historically affected by low dietary iodine.

e |llustrative regions named in the text include the Himalayas, inland China, and parts of
Africa.

e The location is a historical epidemiologic context, not a diagnostic criterion.

e Thyroid hormone availability, rather than residence alone, is the causal biological
concern.



How low iodine intake impairs hormone synthesis

Low dietary iodine Thyroid follicle I:g::;?:n De\;ilo::‘u::tal
Limited iodide T4/T3 synthesis

Insufficient input Risk of hypothyroidism

substrate impaired

Pathophysiologic consequence

Widespread iodine supplementation of foods is associated with markedly lower prevalence of the
historical endemic syndrome.



Why iodine supplementation changed the epidemiology

e Endemic iodine deficiency was historically a frequent cause of early-life hypothyroidism.

e lodine supplementation of foods addresses the nutritional bottleneck before severe
deficiency develops.

e A major reduction in the prevalence of congenital iodine-deficiency syndromes.

e Inherited thyroid defects remain possible when dietary iodine is adequate.



Hormone biosynthesis has several vulnerable steps

lodide transport Organification Processing Hormone secretion
=) =) -

lodine binds Formation of T3 and Circulating thyroid

Entry into thyrocyte thyroglobulin T4 output

Pathophysiologic consequence

Inherited failure of a single step can cause dyshormonogenetic hypothyroidism; Separate mechanisms
need different etiologic interpretations.



Dyshormonogenesis: What can fail?

Step Normal process Consequence of a defect
lodide transport lodide enters follicular epithelial cells Insufficient substrate inside the cell
lodine binds tyrosine residues in lodinated hormone precursors cannot form

Organification thyroglobulin normally

Further processing lodinated precursors yield active T3/T4 Reduced hormonally active product



Thyroid developmental defects differ from synthetic defects

Agenesis / hypoplasia Dyshormonogenesis
e Thyroid parenchyma is absent or severely e Thyroid tissue may be present but synthetic
reduced. activity is impaired.
e Fewer functioning follicles are available for e The block can involve transport, organification,
hormone production. or hormone formation.
e Some cases to thyroid developmental gene e A goitrous phenotype may accompany some

defects. biosynthetic disorders.



Examples of congenital thyroid developmental genes

e PAX8, FOXE1, and TSH receptor mutations among rare causes.

e These genetic causes should not be confused with nutritional iodine insufficiency.
e Different defects converge on low thyroid hormone availability.

e A molecular diagnosis cannot be inferred from the clinical phenotype alone.



Why a goiter may be present—or absent

Goitrous hypothyroidism Small or absent thyroid
e Persistent pituitary stimulation may enlarge e Congenital agenesis implies absent
functioning thyroid epithelium. parenchyma.
e The source table associates iodine deficiency e Hypoplasia implies reduced parenchyma.
and certain biosynthetic defects with goiter. * Normal thyroid enlargement cannot be
e Goiter reflects tissue response, not proof of assumed in developmental absence.

preserved hormone synthesis.



Maternal thyroid hormone is developmentally important

e Fetal brain development depends on adequate maternal thyroid hormone supply.

e Deficiency early in gestation may precede functional maturation of the fetal thyroid.

e The timing of insufficiency is strongly related to severity of neurologic consequences.

e Congenital hypothyroidism therefore cannot be understood only as a postnatal disorder.



Fetal timing changes the consequences of hormone deficiency

Fetal thyroid function

Early gestation Later gestation

develops
Fetus depends heavily on Fetal production adds to Context differs from very early
maternal thyroid hormone hormone availability maternal deficiency

Schematic developmental phases — not a gestational-age scale



Early versus later gestational thyroid deficiency

Before fetal thyroid function After fetal thyroid function develops
e Maternal deficiency removes a crucial early e Fetal hormone synthesis provides an
hormone supply. additional source.
e This timing with particularly severe intellectual e Less adverse neurodevelopmental effect from
impairment. later isolated maternal deficiency.
e Critical developmental processes may be e The central distinction is developmental

compromised. timing, not a single fixed gestational cutoff.



Age of onset is central to neuropathologic consequences

e The fetal and neonatal brain is a critical thyroid hormone target.

e Early hormone insufficiency can alter later intellectual development.

e Neurodevelopmental consequences are not interchangeable with adult cognitive
slowing.

e The main disease variable is developmental timing of deficient hormone exposure.



Intellectual impairment is a major early-life consequence

e The classic syndrome includes severe intellectual disability.

e The text links greater severity to thyroid deficiency earlier in fetal life.

e This clinical effect reflects developmental vulnerability rather than only reversible adult-
style fatigue.

e The clinical phenotype alone cannot establish the timing or cause of fetal hormone
deficiency.



Stature and somatic development may be impaired

e Short stature is part of the classic congenital presentation.

e Growth and neurodevelopmental manifestations may occur together.

e Clinical examination should connect stature to additional features rather than use it
alone.

e Growth findings must be interpreted alongside neurodevelopmental and thyroid
abnormalities.



Craniofacial and soft-tissue manifestations

Head and face Tongue and abdominal wall
e Coarsening of facial features is part of the e Protruding tongue is listed as a characteristic
historical presentation. feature.
e Appearance alone is not disease-specific. e Umbilical hernia is also described.
e Neurodevelopmental and growth history e A constellation of signs is more informative

provide important context. than a single visual feature.



The childhood phenotype is a clinical constellation

e Severe intellectual impairment.

e Short stature with coarse facial features.

e Protruding tongue and umbilical hernia.

e A maternal/early-life history consistent with thyroid hormone insufficiency.



Pediatric case: Connect development and thyroid function

Clinical vignette

A young child from a historically iodine-poor setting has poor linear growth, substantial
developmental delay, a protruding tongue, and an umbilical hernia.

Reasoning prompt

What unifying hormonal deficiency explains this pattern, and why does timing matter?



Pediatric case: The clinicopathologic explanation

Phenotype Exposure Mechanism Interpretation
=) =) =)

Early hormone Insufficient thyroid Early-onset

Growth + cognition deficiency hormone hypothyroidism

Developmental implication

The source supports nutritional iodine deficiency as an important historical cause; The phenotype alone
cannot exclude inherited thyroid defects.



Terminology: Use age- and mechanism-specific language

e “Cretinism” is an obsolete historical label recorded in the source, not preferred
contemporary clinical wording.

e Congenital hypothyroidism describes deficiency from birth, while iodine deficiency
specifies one cause.

e Dyshormonogenesis describes a biosynthesis defect; Thyroid agenesis describes missing
gland tissue.

e Distinguishing the diagnosis from the cause avoids an etiologic assumption.



Myxedema: From historical label to severe hypothyroidism

e The term originally referred to hypothyroidism of older children and adults.

e |ts historical description by William Gull in 1873.

e Today the term is often associated with severe hypothyroidism.

e Myxedema coma is a severe clinical endpoint, not a necessary feature of every patient
with hypothyroidism.



Adult disease may evolve over years

Thyroid output Gradual physiology Initially subtle

declines changes - findings

=) =)

Lower metabolic

activity Fatigue and apathy

Hormone insufficiency

Pathophysiologic consequence

The text emphasizes an insidious presentation that can delay clinical suspicion.

Progressive
manifestations

Multisystem slowing



Early symptoms are often nonspecific

e Generalized fatigue may be the first reported complaint.

e Apathy and mental sluggishness may accompany tiredness.

e This triad can resemble depressive illness.

e Overt clinical signs become more recognizable with increasing severity.



Mental and speech slowing reflect systemic hypothyroidism

e Speech may become slow.

e Intellectual functioning can be slowed in severe disease.

e Patients may appear listless or apathetic.

e This is distinct from the enduring neurodevelopmental impairment of severe early-life
deficiency.



Cold intolerance and increased body weight

e Cold intolerance is frequently noted in more advanced adult disease.

e Patients may become overweight.

e Decreased thyroid hormone action reduces the metabolic drive that normally raises basal
metabolic rate.

e Neither weight gain nor cold intolerance alone confirms hypothyroidism.



Reduced sympathetic effects and autonomic symptoms

Thyroid deficiency Autonomic physiology Bowel and sweat responses
=) =)

Reduced systemic stimulation Decreased sympathetic activity Constipation; Less sweating

Pathophysiologic consequence

Constipation and diminished sweating to decreased sympathetic activity in hypothyroidism.



Skin manifestations: Cool and pale

e Cool skin is a reported physical sign.

e Pallor is linked in the source to reduced cutaneous blood flow.

e Decreased sweating may coexist.

e Skin texture and tissue swelling also reflect extracellular matrix changes.



Cardiac output falls in hypothyroidism

Reduced thyroid action Cardiac muscle proteins Functional result
=) =)

Less calcium ATPase and B-

. . Reduced cardiac output
adrenergic receptor expression

Altered transcription

Cardiometabolic implication

The source describes the transcriptional explanation as a potential contributor rather than the only
cardiac mechanism.



Cardiovascular consequences are functional and clinical

e Diminished cardiac output contributes to exertional limitation.

e Shortness of breath and reduced exercise capacity may develop.

e The absence of prominent cardiac symptoms does not exclude milder hypothyroidism.
e Clinical interpretation should integrate the cardiovascular findings with thyroid studies.



Thyroid hormone and myocardial gene expression

Contractile

Thyroid hormone Sarcolemmal genes . Clinical correlate
physiology
— m) m)
Nuclear receptor Calcium ATPases; B- Altered cardiac :
. . : . Lower cardiac output
signaling adrenergic receptor responsiveness

Cardiometabolic implication

This is a qualitative molecular-to-organ model directly based on the listed gene-expression example.



Lipid abnormalities are part of the endocrine phenotype

e Adult hypothyroidism can increase total cholesterol.

e Low-density lipoprotein (LDL) levels may also rise.

e The resulting lipid profile is proatherogenic.

e Robbins relates these abnormalities to increased cardiovascular mortality.



How thyroid insufficiency links to vascular risk

. . . . . Vascular Long-term
Hormone deficiency Lipid profile consequence asso!iiation
— m) q m)
Altered lipid Higher total and LDL L Cardiovascular
: Proatherogenic milieu :
metabolism cholesterol mortality

Cardiometabolic implication

An association with higher cardiovascular mortality, not a patient-specific risk estimate.



The substrate of myxedematous swelling is extracellular

e Accumulation of matrix substances in skin and soft tissue.

e The principal examples are glycosaminoglycans and hyaluronic acid.
e Deposition may affect skin, subcutaneous tissue, and visceral sites.
e This provides a morphologic basis for nonpitting edema.



Myxedema is an extracellular matrix phenomenon

(o (>
@ -

Extracellular glycosaminoglycan / hyaluronic-acid accumulation - nonpitting swelling

Schematic of matrix-rich connective tissue; Not microscopy



Why edema in myxedema is described as nonpitting

e The altered interstitium contains increased matrix material.

e Clinical swelling is therefore described as nonpitting rather than simple dependent fluid
accumulation.

e Histologic matrix accumulation and the bedside examination sign describe related
features.

e Biochemical evidence remains important because nonpitting edema is not a stand-alone
diagnosis.



Myxedematous tissue changes broaden facial features

e Extracellular matrix accumulation contributes to a broad, coarse facial appearance.
e Soft-tissue expansion is not limited to the face.

e This morphology is linked to tissue material rather than a thyroid tumor.

e Connect the appearance to the overall clinical and laboratory pattern.



Tongue enlargement and voice change reflect tissue infiltration

e Enlargement of the tongue is a classic adult manifestation.

e Deepening of the voice is described in the same pathologic setting.

e Underlying matrix accumulation provides the histopathologic correlate.

e These features should be distinguished from the protruding tongue described in early-life
disease.



Myxedema coma is a severe endpoint, not a synonym

e The textbook uses myxedema especially in severe adult hypothyroidism.

e |ts most extreme clinical expression can be myxedema coma.

e The term denotes a much more severe clinical state than uncomplicated nonpitting
edema.

e A diagnosis of myxedema coma should not be inferred from edema alone.



Childhood onset versus adult-onset hypothyroidism

Domain

Critical biology

Neurologic

Somatic

Systemic

Early-life deficiency

Brain development and somatic growth

Severe intellectual impairment in classic
syndrome

Short stature, coarse features, protruding
tongue

Developmental phenotype

Adult myxedema

Established-organ physiology and metabolic
function

Mental and speech slowing, apathy

Cold skin, nonpitting edema, coarse features

Constipation, lower output, LDL elevation



Laboratory testing is essential when symptoms are nonspecific

e Adult symptoms can be subtle, slow, and clinically overlapping with other conditions.

e Unexplained weight gain and hypercholesterolemia as reasons to assess thyroid function.
e Serum TSH is the most sensitive screening test for primary hypothyroidism.

e The interpretation changes when pituitary or hypothalamic disease is suspected.



Primary hypothyroidism: The feedback logic

Intrinsic thyroid Less feedback Biochemical
deficit restraint ST L classification
=) =) =) o
Low thyroid output TRH / TSH response TSH elevated rimary

hypothyroidism

Diagnostic interpretation

An increased TSH is a pituitary response to insufficient thyroid hormone; It is not itself proof of a
particular thyroid etiology.



Why TSH alone may mislead in central hypothyroidism

Primary thyroid failure Pituitary / hypothalamic failure
e The hypothalamic—pituitary axis responds to e TSH stimulation is insufficient for the low
low thyroid output. thyroid hormone state.
e TSH rises because negative feedback e TSH may be low or inappropriately normal.
decreases. e A seemingly normal TSH does not exclude

e A high TSH favors primary disease. central hypothyroidism.



Overt hypothyroidism includes low free T4

e Decreased T4 in overt hypothyroidism from any origin.

e Primary overt disease commonly has elevated TSH with low free T4.

e Central overt disease may have low free T4 with low or inappropriately normal TSH.
e The distinction identifies the site of endocrine dysfunction, not its specific cause.



Subclinical hypothyroidism is a biochemical definition

e Serum TSH is elevated in subclinical primary hypothyroidism.

e Free T4 remains within the normal range.

e Robbins also describes free T3 as normal.

e This laboratory pattern can occur without prominent clinical symptoms.



Interpreting TSH and free T4 patterns

State

Primary overt hypothyroidism

Central overt hypothyroidism

Subclinical primary hypothyroidism

TSH

High

Low or inappropriately
normal

High

Free T4

Low

Low

Normal



Laboratory approach to suspected hypothyroidism

Clinical suspicion Serum TSH Free T4 Integrate cause
=) =) =)

Interpret by axis Establish overt versus

.. Primary vs central
context subclinical y

Nonspecific symptoms

Diagnostic interpretation

Do not regard normal TSH as adequate exclusion if central disease is clinically plausible.



Adult case: A slowly evolving multisystem disorder

Clinical vignette

An adult reports fatigue, constipation, cold intolerance, poor exercise tolerance, and
progressive facial coarsening. Examination reveals nonpitting soft-tissue swelling.

Reasoning prompt

Which mechanism accounts for edema, and which thyroid measurements distinguish overt primary
disease?



Adult case: Pathology and laboratory interpretation

Expected primary

Tissue process Phenotype Hormone deficit s
= Reduced
Matrix accumulation Nonpitting edema € uc.e f)rgan TSH high; Free T4 low
activation

Diagnostic interpretation

The edema is a connective-tissue matrix phenomenon; Fatigue and cold intolerance are systemic
physiologic effects of thyroid deficiency.



Interpretation trap: TSH is not always increased

Clinical vignette

A person with hypothalamic—pituitary disease has clinical symptoms compatible with
hypothyroidism. The serum TSH is not elevated, but free T4 is low.

Reasoning prompt

Does a non-elevated TSH exclude hypothyroidism? Where may the defect reside?



Central hypothyroidism: Interpret the axis, not TSH alone

Inadequate TSH

Upstream disorder drive Low thyroid output Diagnosis pattern
o =) =) =) I
FIUIE(RY Low or normal TSH Free T4 reduced Centre! .
hypothalamus hypothyroidism

Diagnostic interpretation

A TSH within the usual reference interval may be physiologically inappropriate when free T4 is reduced.



Synthesis: Three age-specific diagnostic questions

Child with developmental abnormalities Adult with insidious decline
e Was thyroid hormone lacking during a critical e Are slowing, cold intolerance, dyslipidemia and
fetal / neonatal interval? matrix-rich edema present?
e Could the cause be nutritional iodine e Do TSH and free T4 indicate overt or
deficiency? subclinical deficiency?
e Could an inborn synthetic or developmental e |s the endocrine defect primary or central?

thyroid defect account for disease?



Five essential conclusions

Early thyroid hormone deficiency threatens fetal neurodevelopment; Timing is central.
lodine deficiency, dyshormonogenesis, and thyroid dysgenesis are different etiologic
pathways.

Adult myxedema combines systemic metabolic slowing with matrix-related tissue swelling.
Primary hypothyroidism raises TSH; Central disease may not.

Free T4 distinguishes overt deficiency from subclinical primary hypothyroidism.



Suggested reading

Robbins, Cotran & Kumar: Pathologic Basis of Disease. 11th edition. Elsevier; 2026.

Relevant textbook discussion: thyroid physiology, hypothyroidism, and its age-dependent
manifestations.

Review the differences among iodine deficiency, thyroid dysgenesis, and dyshormonogenesis.
Use authoritative clinical guidance separately for neonatal screening and treatment decisions.
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