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Effects of Thyroid Hormone

-etal brain and skeletal maturation
ncrease in basal metabolic rate

notropic and chronotropic effects on heart
ncreases sensitivity to catecholamines
Stimulates gut motility

Increase bone turnover

Increase in serum glucose, decrease in serum
cholesterol




Epidemiology
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Prevalence of hypothyroidism (both overt and subclinical) : 4.6%

Overt hypothyroidism :0.4%

Subclinical hypothyroidism:9% to over 20% among women >75 years

the risk of primary hypothyroidism is up to tenfold higher in women than in men

Primary hypothyroidism prevalence is highest in populations with high
iodine intake or severe iodine deficiency as compared with populations with
a sufficient iodine status



Types of hypothyroidism

Primary Hypothyroidism:
Congenital
Acquired
Secondary (central) Hypothyroidism:
Congenital
Acquired
Peripheral Hypothyroidism:

Congenital
Acquired



Etiology (types of Hypothyroidism)

Aetiology
Primary hypothyroidism (thyroid)

Chronic autoimmune thyroiditis
(Hashimoto thyroiditis)

Disturbed iodine metabolism

Irradiation and/or thyroidectomy
GCenetic disease

Infiltrative diseases and lymphoma

Infection and/or inflammation

Medications®

Industrial and environmental agents

Mechanism/pathophysiology

Failure of T cell-mediated inflammatory response, cytokine release, infiltration
of the thyroid by lymphocytes and development of fibrotic tissue in the thyroid

lodine deficiency leads to decreased thyroid hormone production

lodine excess leads to thyroid hypofunction in patients with underlying
primary thyroid disease

Ablation of thyroid cells
Loss of function, pathogenetic variants

Infiltration of various cells or materials, granuloma and fibrosis formation,
and thyroid cell destruction

Thyroid cell destruction (most recently COVID-19 infection)

Lithium: increased intrathyroid iodine content, decreased coupling
of iodotyrosine and hormone release

IFNa and IL-2: possible activation of autoimmune process

Tyrosine kinase inhibitors: multiple mechanisms described, including effects
on thyroid hormone metabolism and transport, and destructive thyroiditis

Immune-checkpoint inhibitors: immune-related adverse events, including
primary hypothyroidism, sometimes preceded by thyroiditis

Interference in various steps of intrathyroidal metabolism



Etiology (types of Hypothyroidism)

Central hypothyroidism (hypothalamic or pituitary)

Pituitary or hypothalamic lesions
and/or damage

Infection and/or inflammation

Congenital

Heterogeneous mechanisms leading to altered secretion of TSH by
thyrotrophs and/or bioactivity of TSH, involving both hypothalamic

and pituitary structures, usually combined with other pituitary hormone
deficiencies, including surgery, head trauma, neoplastic lesions, apoplexy,
pituitary necrosis, (partial) empty sella, infiltrative lesions or irradiations

Infectious (for example, tuberculosis) or inflammatory (for example,
sarcoidosis) causes leading to pituitary or hypothalamic infiltration or
hypophysitis (for example, due to immune-checkpoint inhibitors)

Midline defects, Rathke pouch cyst or genetic mutation; congenital genetic
mutations rarely cause isolated central hypothyroidism but are more often
part of combined pituitary hormone deficiencies and the most common

defective genes are PROP1 and POU1F1

Peripheral hypothyroidism (peripheral tissues)

Consumptive hypothyroidism

Resistance to thyroid hormone

Increased expression of type 3 iodothyronine deiodinase (for example,
by tumour cells)

Tissue-specific hypothyroidism owing to decreased sensitivity to thyroid
hormone (resulting from mutations in, for example, MCTS§, THRA or THRB)



Primary hypothyroidism

Precipitating Factors:
Genetic

Environmental factors:
Smoking:
TPO antibody are lower in smokers than in non-smokers
TSH levels:
Lower in current smokers than in former smokers
Lower in former smokers than in never smokers

Obesity: associated with higher serum TSH levels
Vitamin D and Selenium deficiency
Moderate alcohol intake



Clinical Presentation

Appearance A

* Puffy face
» Loss of eyebrows J

Sensory
* Reduced hearing

Thyroid
* Goitre

Pulmonary
* Pleural effusion — = o

* Shortness of breath .

Metabolic
* Weight gain

Gastrointestinal
* Constipation

Musculoskeletal
* Muscle cramps
* Fatigue and tiredness

Neurological and
psychological

* Cognitive dysfunction
* Slow speech

* Depression

Cardiac

* Bradycardia

* Pericardial effusion

* Reduced left
ventricular function

* Diastolic
hypertension

Reproductive system

* Irregular and/or
heavy periods

* Loss of libido

* Subfertility

Extremities
* Paraesthesia
* Brittle nails



Box 1 | Differential diagnoses of hypothyroidism based on similar presenting

symptoms

Differential diagnosis:

Endocrine conditions

* Addison disease: may present

with increased thyroid-stimulating
hormone levels that normalize after

glucocorticoid replacement is
commenced

* Obesity (particularly if associated with

obstructive sleep apnoea)
* Menopause
* Hypopituitarism
* Type 1 diabetes mellitus

* Hypercalcaemia

Autoimmune conditions
* Coeliac disease
* Pernicious anaemia

* Rheumatoid arthritis

Chronic end organ damage
conditions

* Chronic kidney
disease

* Chronic liver disease

* Chronic heart failure

Haematological conditions
* Iron deficiency anaemia

* Multiple myeloma

Nutritional deficiencies
* Vitamin B,, B, or D deficiency

» Folate deficiency

Mental health conditions
* Depression

* Anxiety

* Chronic stress

* Poor sleep pattern

Others

* Chronic fatigue syndrome
* Fibromyalgia

* Post-viral syndromes

* Dementia



Diagnosis:

Serum TSH :

The most reliable marker for assessing thyroid
status in most patients

Pituitary disease Is excluded and

Patients are not on medications that alter TSH

log-linear relationship between TSH and T4:

Twofold decrease In T4 levels Is associated with a
100-fold increase in circulating TSH



Diagnosis:

Measuring markers of thyroid autoimmunity
(TPOAD or anti-tg antibodies) or
ultrasonography (diffusely hypoechogenic,
heterogeneous pattern) are not required to
diagnose hypothyroidism.

May be useful to confirm autoimmunity as the
underlying cause



Diagnosis of Hypothyroidism:

Suspected hypothyroidism? Diagnosis
Management
Check serum TSH level
! l
Low Normal® ngh
f }
Check serum fT, and fT, levels Check serum T, levels
| | | | | |
Low Normal High Low Normal High
| ! } ! ! |
Central Subelinical Overt Overt Subclinical Consider: assay interference,

hypothyroidism  hyperthyroidism  hyperthyroidism hypothyroidism  hypothyroidism  RTH, FDH or TSHoma
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Thyroid hormone preparations

Synthetic L-Ty4
Synthetic L-T3
Combined T4 & T3




T4 T3
Absorption ~ 80% ~90%
Time to peak level 2-4 h 1-2h
Increase in serum concentration 20-40% 250-600%

Half-life

6-7days

~adays



Treatment :

LT4 therapy is the mainstay of treatment for hypothyroidism
Should be taken consistently, ideally 60 min before breakfast

taking LT4 30 min before breakfast or at bedtime on an empty stomach is
also acceptable

Typical full replacement doses:

Adults: 1.6 pg/kg/day

Lower starting doses (25-50ug/day):
Older individuals
Those with mild hypothyroidism
Those with untreated cardiovascular disease

Infants: 10-15 pg/kg/day

Children:
1-3 years of age: 4-6g/kg/day
3-10 years of age: 3-5ug/kg/day
10-16 years of age :2—4ug/kg/day



Medications

Calcium carbonate, calcium
citrate or calcium acetate;
ferrous sulfate; proton-pump
inhibitors; aluminium hydroxide;
sucralfate; raloxifene; bile acid
sequestrants

Phenytoin; phenobarbital;
carbamazepine; rifampin;
ryrosine kinase inhibitors

Bile acid sequestrants

Oral oestrogens; selective
oestrogen receptor modulators;
mitotane; opiates; 5-fluorouracil

Androgens; nicotinic acid;
chronic glucocorticoid therapy;
danazol; L-asparaginase

Amiodarone

Mechanism

Decreased LT4 absorption

Increased thyroid hormone
metabolism

Reduced enterohepatic thyroid
hormone circulation

Increased thyroxine-binding
globulin levels

Decreased thyroxine-binding
globulin levels

Inhibition of 5’-deiodination
(inhibits production of T, from T,)

Medications that alter thyroid hormone

absorption, binding or metabolism

Effect on LT4
requirements

Increased
(if LT4 doses

not taken
4 h apart)

Increased

Increased

Increased

Decreased

Increased



Malabsorption :

Malabsorption of LT4 might occur following :
Bariatric surgery
Gastrointestinal disorders

In patients with malabsorption, treatment with
liquid rather than tablet LT4 formulations
might help to stabilize TSH levels



Monitoring of treatment:

Primary Hypothyroidism:
Serum TSH should be monitored :

6 weeks after initiation of treatment or any change in dose
Then every 6-12 months thereafter.

Goal of treatment: serum TSH in low reference range

Central Hypothyroidism:
Serum T4 level in the upper half of the reference range



Monitoring of treatment:

Thyroid hormone under-replacement and over-
replacement should be avoided.

Complication of over or under treatment:

Cardiac :
Cardiac arrhythmia
Progressive heart failure

Bone:
Increased bone turnover leading to osteoporosis
Catabolic muscle loss

Impaired quality of life
Increased mortality
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Subclinical Hypothyroidism:

The risk for progression from subclinical to overt
hypothyroidism is ~2-4% annually (more likely with
postitive TPOAD)

Thyroid function should be retested after 8—12 weeks
to determine whether the TSH elevation Is persistent.
30-50% of individuals who had high serum TSH
levels have normal levels on retesting



Subclinical Hypothyroidism:

Treatment Indications:

Patients, especially those <70 years of age:
Have symptoms potentially referable to
hypothyroidism
Cardiovascular risk factors
Golter
Positive TPOAD

Planning pregnancy
Serum TSH level persistently >10 mlU/I




Case 4:

culo U sl puad asasd ) adlw YV il
aowl 03,5 ag>lh0 loos U by, wliule;l
w28 3> a9 5|5 S5 S)low Al
S 5wl Bran S,505 Syyls Sdgde,
slow »dle> 95 9 55le H> Sy uigus as)lw
L oy 95 aigr aleo )5 wcwl s
Hlow olyod wlawlosl .ol firm elgd

T4=8.56, T3ru=0.9TBIl, TSH=7.2
Clowdy Sasy pladl



Hypothyroidism in pregnancy:

"he developing fetus relies entirely on maternal
"H during critical phases of early brain
development (before GA 16-20wks).

In pregnancy:

Serum TBG levels are markedly increased

Thyroid hormone is rapidly metabolized by
placental DIO3



Hypothyroidism in pregnancy:

Gestational hypothyroidism caused by
lodine deficiency

untreated or undiagnosed overt hypothyroidism during
pregnancy

Adequate intake,pbigding is jmpagant in:
those with underlying autoimmune thyroid disease as
iodine deficiency may trigger or worsen hypothyroidism.

The recommended daily dose of iodine :
90 ug for pre-school children
120 pg for school children
150 pg in adults
250 pg In pregnancyl



Hypothyroidism in pregnancy:

Complication of untreated overt hypothyroidism In
pregnancy :
Miscarriage
Preterm delivery
Gestational hypertension
Pre-eclampsia
_ow birthweight
~etal death
Impaired child intellectual development.




Hypothyroidism in pregnancy:

In women of childbearing age, targeted case-
finding for thyroid dysfunction should be
considered In :

Pregnant women from areas of moderate to severe iodine
deficiency

Women with symptoms potentially attributable to
thyroid dysfunction

Those with a personal and/or family history of thyroid
disease

Women with recurrent miscarriage or unexplained
Infertility



Hypothyroidism in pregnancy:

Most pregnant women on LT4 therapy will require an
Increase in LT4 dosing (25-30% as soon as
pregnancy Is diagnosed) to maintain euthyroidism
during gestation.

Serum TSH levels should be closely monitored,
approximately every 4 weeks during the first half of
gestation

In pregnancy and the pre-conception period, LT4
dosing should target a serum TSH level of<2.5miU/I



Hypothyroidism in pregnancy:

Maternal subclinical hypothyroidism has been
reported in ~4% of all pregnancies and has
been suggested to be adversely related to
pregnancy outcomes and child development



Hypothyroidism in pregnancy:

LT4 treatment started before conception improves
assisted reproductive technology (ART) outcomes
when the baseline TSH level is >4.0mIU/I, particularly
In women who are positive for TPOADb

The recommended TSH target level In treated women
Is <2.5mIU/I

It IS not known whether pre-conception treatment of
subclinical hypothyroidism improves fertility or
pregnancy outcomes in women who conceive without
assisted reproduction



Clinical guidelines for LT4 treatment of

thyroid disease in pregnancy

Organization (year
of recommendations)

American College of Obstetrics
and Gynecology (2020)

American Thyroid Association
(2017)

American Society for
Reproductive Medicine (2015)

European Thyroid Association
(2014)

Subclinical hypothyroidism

Do not treat

Treat if TSH level >10 mlU/ or if positive
for TPOAb

Consider treating if TSH level >4 mIU/L
without TPOAD positivity

Treat with LT4

Treat with LT4

Isolated maternal
hypothyroxinaemia

Not discussed

Do not treat

Not discussed

Consider LT4 treatment ifisolated
hypothyroxinaemia is detected in
the first trimester
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Take home message

Secondary hypothyroidism is usually
diagnosed in the context of other anterior
nituitary hormone deficiencies.

n secondary hypothyroidism TSH levels may
oe low, normal, or even slightly increased; the
atter is due to secretion of immunoactive but
vioinactive forms of TSH.




The diagnosis is confirmed by detecting a low
unbound T4 level.

The goal of treatment is to maintainT, levels
in the upper half of the reference range,
because TSH levels cannot be used to
monitor therapy.
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Indications to test for hypothyroidism?
Clinical symptoms and signs

Fatigue

Cold intolerance
Constipation

Impaired menmoary

Slowed rental processing
Depre==zion

MNerwve entraprnent sywndrornes
Ataxia

Muscle weakness

Muscle cramps=s

Men=strual disturbance
Infertility

EBradycardia

Dia=talic hypertension
Hoarseness

Goitre

Feriorbital oederma
weight gain
Galactorrhosa

Laboratory test abnormalities

Hypercholesteralasmia
Hyponatraemia
Hyperprolactinasmia
Hwperhomocywsteinaemia

Anermia

Creatine phosphokinaze elevation
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Duration of treatment:

Permanent Hypothyroidism:

Life long
Transient Hypothyroidism:

6-12 months

Withdrawal of LT4 therapy after 6-12 months
might be appropriate in these cases.



In summary:

Suspected hypothyroidism?

|

Check serum TSH level
|

Diagnosis
Management

TSH <10 mlUu/

| ' v
Low Normal® High
' ¥
Check serum fT, and fT, levels Check serum fT, levels
I f } i 1 }
Low Normal High Low Normal High
] + ‘ 4 ' '
Central Subelinical Overt Overt Subclinical Consider: assay interference,
hypothyroidism hyperthyroidism hyperthyroidism hypothyroidism hypothyroidism RTH, FDH or TSHoma
|
I
! v v ' v
Age <65 Age >65 Pregnancy TSH =10 mlU/L
years years or CVD planned oF symptoms

Assess for other
pituitary hormone
deficiencies, MR
scan and consider
replacing hormones
{including LT4)

Initiate
LT4 (1.6
pg/kg daily)

Y

Age <70 years:
treatment generally
recommended,
especially if symptoms or
CVD risk factors present

Initiate low-dose
LT4 (1.0 pg/kg
daily)

Initiate low-dose
LT4 (1.0 pg/kg
daily)

Y

Age >70 years:
treatment generally not
recommended, consider

6-month trial of low-dose
LT4 (1.0 pg/kg daily)

or asymptomatic

Monitor at 3—6-
month intervals
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