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Hypothyroidism
M Reza Bakhtiari, DCLS, PhD
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Hypothalamus-Pituitary-Thyroid (HPT) Axis
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What is Hypothyroidism?

Definition: 

• Hypothyroidism is traditionally defined as deficient thyroidal production of thyroid hormone.

• Hypothyroidism can be defined by 

• a decrease in thyroid hormone production and/or 

• by an impaired action of thyroid hormones on target tissues.

Classification:
• Primary Hypo.

• Central Hypo.

• Secondary H.

• Tertiary H.

• Peripheral (extrathyroidal) Hypo.
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Etiology
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Etiology of Hypothyroidism
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Causes of Hypothyroidism

NIS, sodium-iodide symporter; TPO, thyroid peroxidase; TSH, thyroidstimulating hormone (thyrotropin).
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Causes of Hypothyroidism (Cont.)

NIS, sodium-iodide symporter; TPO, thyroid peroxidase; TSH, thyroidstimulating hormone (thyrotropin).
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Risk Factors for Hypothyroidism

Thyroid Disease, A Case-Based and Practical Guide for Primary Care, Emanuel O. Brams, Human Press, 2005 
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Grading
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Grades of Hypothyroidism

http://www.thyroidmanager.org/chapter/adult-hypothyroidism/
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TFTs in Progressive Hypothyroidism

TSH

Moderate SevereMild

R
ef. R

ange

(Free) T4

(Free) T3



18/114

Grades of Primary 
Hypothyroidism

http://www.thyroidmanager.org/chapter/adult-hypothyroidism/

Individual and median values of thyroid function tests 

in patients with various grades of hypothyroidism.

(Wiersinga, 2010).

1.23–3 of nmol/L

12–30 pmol/L

0.5–5 μU/L
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Epidemiology
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Prevalence of Thyroid Disorders
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Epidemiology of anti-thyroid Ab+ hypothyroidism in the 
Whickham survey (#2779 adults for 20 years)

RatioMen %Women %

3.30.93Tg antibodies Prevalence

3.82.710.3TPO antibodies

2.72.87.5Subclinical hypothyroidism

180.11.8Hypothyroidism

6.80.06/y0.41/yHypothyroidismIncidence

•Tunbridge WMG, Evered DC, Hall R, et al.: The spectrum of thyroid disease in the community: the Whickham Survey. Clin Endocrinol
1977; 7: 481-493.

•Vanderpump MPJ, Tunbridge WMG, French JM, et al.: The incidence of thyroid disorders in the community: a twenty-year follow-up of 
the Whickham Survey. Clin Endocrinol 1995; 43: 55-68.
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Development of hypothyroidism as a function of TSH values 
(a 20-year follow-up of 912 women in the Whickham study)

http://www.thyroidmanager.org/chapter/adult-hypothyroidism/

Logit probability (log odds) for the development of hypothyroidism as a function of TSH values at first survey during a 

20-year follow-up of 912 women in the Whickham
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Prevalence of Hypothyroidism in Patients with Dyslipidemia: 
Tehran Thyroid Study (TTS)

(Endocrine Care, 2014, F. Azizi et.al. )

Horm Metab Res. 2014 Dec;46(13):980-4. doi: 10.1055/s-0034-1389997. Epub 2014 Nov 4.

All values represent mean±SD except for TSH and TG that are shown in median and IQR
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Clinical Manifestations
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Clinical Anatomy of Thyroid
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Clinical Exam of Thyroid

https://geekymedics.com/thyroid-status-examination/
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Clinical Exam of Thyroid
(Finger Tips)
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Clinical Manifestations of Hypothyroidism

Due to:

1.Decreased Metabolic Rate

2.Matrix Protein Accumulation

3.Other Manifestations

A NEW LOOK AT HYPOTHYROIDISM, Drahomira Springer, Intech, 2012
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Clinical Manifestations of Hypothyroidism
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Clinical Manifestations of Hypothyroidism
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Clinical Manifestations of Hypothyroidism
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Multi system effects - Hypothyroidism

General
• Lethargy, Somnolence

• Weight gain, Goiter

• Cold Intolerance

Cardiovascular

• Bradycardia, Angina

• CHF, Pericardial Effusion

• Hyperlipidemia, Xanthelsma

• Decreased ventricular contractility

• Increased diastolic blood pressure

Hematological

• Iron def. Anemia, 

• Normocytic /chromic Anemia

Gastro-intestinal

• Decreased GI motility

• Constipation, Ileus,

• Ascites

Nervous System
• Carpel tunnel syndrome

• Deafness, Hoarseness

• Cerebellar ataxia

• Delayed DTR, Myotonia

• Depression, Psychosis

• Decreased concentration

• Memory Loss

• General lack of interest
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Multi system effects - Hypothyroidism
Musculoskeletal

• Muscle stiffness

• Cramps, pain, weakness, myalgia

• Carpel tunnel syndrome

• Delayed DTR, Myotonia

• Slow muscle-stretch reflexes, 

• Muscle enlargement, 

• Muscle atrophy

Renal
• Fluid retention and edema

• Decreased glomerular filtration

• High Urea & Creatinine

Dermatological

• Dry, course (flaky) skin and hair

• Alopecia

• Loss of scalp hair and / or lateral eyebrow hair

• Myxoedema, 

• Vitiligo, Carotenemia, Xanthomata

• Malar flushes

Reproductive system

• Arrest of pubertal development

• Reduced growth velocity

• Menorrhagia, Amenorrhea

• Anovulation, Infertility

• Impotence, Inc. Prolactin

Hepatic
• Increased LDL / TC

• Elevated LDL + triglycerides
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Clinical 
Manifestations of 
Hypothyroidism

Hypothyroidism, Layal Chaker, Antonio C 

Bianco, Jacqueline Jonklaas, Robin P 

Peeters , Lancet, 2017
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Clinical Manifestations of 
Hypothyroidism

signs and symptoms 

not always conclusive
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Clinical Manifestations of Hypothyroidism

COMMON SIGNS AND SYMPTOMS IN HYPOTHYROIDISM IN CENTRAL PART OF IRAN (Shahrood). 

Dr. Ali Jabbari et al. Pak J Med Sci 2008 Vol. 24 No. 1 
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https://www.restartmed.com/hypothyroidism-symptoms-checklist/

Clinical Manifestations of Hypothyroidism
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Clinical Manifestations of Hypothyroidism
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Thyromegaly
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Facial Myxedema
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Facial Myxedema
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Periorbital Myxedema (before & after)

Thyroid Disorders, Syed Khalid Imam, Shamim I. Ahmad, Springer, 2016 
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MacroGlossia
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Hypothyroidism and Hypercholesterolemia

• 14% of patients with elevated cholesterol have hypothyroidism

• Approximately 90% of patients with overt hypothyroidism have 

increased cholesterol and / or triglycerides
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LDL-C Levels Increase With 
Increasing Hypothyroidism Grade
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Xanthelasma

Tuberous Xanthoma

Xanthomata
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Malar flushesCarotenemia

Skin Color Changes
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Myxedema with Caroteneamia
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Finger Nail Changes
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Finger Nail Changes
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Finger Nail Changes
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Finger Nail Changes

Brittle Nail
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Telogen effluvium
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Pericardial Effusion in Hypothyroidism

Fig. 13.2 (A and B) Chest roentgenograms in a patient with myxedema heart disease. The patient had signs of 

severe congestive heart failure and was given thyroid hormone alone. Within 4 months, the heart had returned to 

normal size (B) and there was no evidence of underlying heart disease.
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CLINICAL MANIFESTATIONS OF 
SPECIFIC CAUSES OF HYPOTHYROIDISM

The Thyroid, Werner, 2013
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Hypothyroidism and Depression
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Hypothyroidism and Depression

Depression Hypothyroidism

Sleep decrease

Suicidal ideation 

Weight change 

Delusions

Constipation

Decreased Conc.

Decreased libido

Depressed mood

Diminished interest

Weight increase

Fatigue

Bradycardia

Cardiac and lipid Abnormalities

Cold intolerance

Hair and skin changes

Delayed reflexes

Goiter
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Pathogenesis
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Iodine Deficiency Disorders (IDD) 
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Endemic 

Goiter

Cretinism

Iodine deficiency disorders (IDDs)

Congenital 
Hypothyroidism

WHO definition:

Iodine deficiency disorders (IDD) refer to all of the consequences of iodine deficiency in a population 

that can be prevented 

by ensuring that the population has an adequate intake of iodine.
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IDDs 
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Endemic Goiter
(a global challenge)
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Congenital Hypothyroidism

WHO: On a worldwide basis, iodine deficiency is the single most important 

preventable cause of brain damage.
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IDDs 
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IDDs 
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Daily Idoine Requirements
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Dietary iodine Daily intake (µg)

Dairy products 52

Grains 78

Meat 31

Mixed dishes 26

Vegetables 20

Desserts 20

Eggs 10

Iodized salt 380

Other iodine sources                     (µg)

Vitamin/mineral prep (per tablet) 150

Amiodarone (per tablet) 75,000

Povidone iodine (per mL) 10,000

Ipodate (per capsule) 308,000

Common sources of iodine in adults (USA)
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Goitrogens
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IDDs 
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Congenital Hypothyroidism (CH) 
screening programme in Iran

Evaluation of the congenital hypothyroidism screening programme in Iran: a 3-year retrospective cohort 

study. Arch Dis Child Fetal Neonatal Ed. 2018, Azizi F. et. al.

OBJECTIVE:

To evaluate the newborn screening programme for congenital hypothyroidism (CH) in Iran from diagnosis to 

management and follow-up for 3 years from 2011 to 2014.

DESIGN:

Retrospective cohort.

SETTING AND PATIENTS:

Seventeen university districts were randomly selected from 30 provinces. Central data in each district were gathered 

and collectively analysed. Congenital hypothyroid subjects were followed for 3 years.

RESULTS:

Total number of births in 2011 was 501 726,

452 918 neonates (90.3%) were screened and 15 671 (3.46%) were recalled; 

1085 (1:462, 0.22%) were confirmed as having CH (57.1%: permanent, 42.9%: transient) and followed for 3 years.    

Positive predictive value (PPV) for the first screening test was 6.9%. After the second screening, recall rate was 

reduced to 0.69% and PPV increased to 31.3%. Median age at screening was 6 (3-9) days and for 90.6% of patients 

treatment was initiated before 40 days of age with a median levothyroxine dosage of 25 µg/day; 131 (13.4%) were lost 

to follow-up. 

CONCLUSION:

In Iran, despite well-established protocols of screening and detecting CH subjects, stricter implementation of a 

structured system for monitoring and surveillance is needed to promote the management of patients and to reduce rates 

of loss to follow-up. Determining and addressing the causes of high false positive rates must be prioritised.
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IDDs 
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IDDs 
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IDDs 



79/114

Auto-Immune Hypothyroidism
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• Autoimmunity is responsible for over 90% of noniatrogenic hypothyroidism in countries with 

iodine sufficiency. 

• The annual incidence of autoimmune hypothyroidism is around 80 per 100,000 men and 350 

per 100,000 women.

• All ages may be affected, although the average age of onset is between 40 and 60 years old. 

• The disorder is more frequent in whites and Asians than in African Americans. 

• The initial presentation depends on the stage of disease. 

• Juvenile and adolescent autoimmune thyroiditis may be self-limiting. 

• Hashimoto thyroiditis is the commonest cause of goiter in iodine sufficient regions.

• Atrophic thyroiditis (primary myxedema) presents as hypothyroidism without a goiter.

Auto-Immune Hypothyroidism
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Thyroid Autoimmunity Mechanisms

Fig. 13.6 Summary of the main mechanisms involved in the pathogenesis of autoimmune hypothyroidism. ADCC, antibody-

dependent cell-mediated cytotoxicity; NK, natural killer.
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Thyroid Autoimmunity Mechanisms
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Auto-immune Thyroid Disorders
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Autoimmune Thyroid Disorders
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Hashimoto's Thyroiditis Histology
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Risk Factors for 
Auto-Immune Thyroid Disorders (AITDs)
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Factors affecting Thyroid Function



89/114

Thyroiditis
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Thyroiditis Classification

• Autoimmune thyroiditis

• Painless subacute thyroiditis, including postpartum 

• Painful subacute thyroiditis

• Acute infectious thyroiditis (bacterial, viral)

• Chronic infectious thyroiditis (tuberculosis, syphilis)

• Sarcoidosis

• Granulomatous (De Quervain’s thyroiditis)

• Riedel thyroiditis (fibrosing)

• Postirradiation (131I or external-beam therapy)

• Drug-Induced thyroiditis
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TFTs Time Courses in Thyroiditis
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Post-Partum Thyroiditis (PPT)

Definition
• A painless autoimmune inflammation of thyroid tissue after delivery in a previously euthyroid woman

Prevalence
• 5-10 % of all Pregnancies

Risk Factors
• Anti-TPO

+
: 50%

• Patients with type 1 diabetes: 25%

• Previous history of PPT or other autoimmune disease such as Hashimoto’s disease and Graves’ 

disease

Presentation
• Transient Hyper.

• Transient Hypo

• Transient Hyper. then Transient Hypo. then Recovery
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Post-Partum Thyroiditis (PPT)
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Diagnosis of Suspected Thyroiditis 

LORI B. SWEENEY, et.al.,   Thyroiditis: An Integrated Approach. American Family Physician, ,2014 
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Laboratory evaluation 
of patients with suspected hypothyroidism
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TFTs in Progressive Hypothyroidism

TSH
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Evaluation 
of patients with suspected 

hypothyroidism

William’s Endocrinology, 2016 
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Diagnosis and 
treatment of primary 

hypothyroidism 

Hypothyroidism, Layal Chaker, Antonio C Bianco, Jacqueline Jonklaas, Robin P Peeters , Lancet, 2017
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Common

Chronic autoimmune thyroiditis (Hashimato)

Post radioiodine Therapy

Post thyroidectomy

Hypothyroid phase of transient thyroiditis

Rare (anti-TPO negative, no radioiodine or surgery)

Post external-beam irradiation to the neck

Drugs: amiodarone, lithium, interferons, interleukin-2

Iodine deficiency

Iodine excess-iodide goitre in Japan (water purification units)

Goitrogens

Amyloid goitre (large, firm goitre with systemic amyloidosis)

Riedel's thyroiditis†

Congenital—thyroid tissue absent

Thyroid dysgenesis possibly associated with TSH-receptor, PAX-8, and TTF2 mutations

Congenital—thyroid tissue present

Iodine transport defects—low radioiodine uptake or saliva iodine

Iodine organification defect

Congenital-high radioiodine uptake, positive perchlorate discharge

Thyroglobulin synthetic defect—low thyroglobulin concentration

TSH-receptor defects

Resistance to TSH with other (unspecified) defects
THE LANCET • Vol 357 • February 24, 2001

FT4(↓) and TSH (↑)
(Hypothyroidism)

Hypo
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SUBCLINICAL THYROID DYSFUNCTION 
(DEFINITIONS)

Subclinical hypothyroidism

= increased  serum TSH but normal serum FT4

Subclinical hyperthyroidism

= decreased serum TSH but normal serum FT4 and FT3

Wilmar M. Wiersinga, Tehran, 2015
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FT4 (↔) and TSH (↑)
(Zone 2)

THE LANCET • Vol 357 • February 24, 2001

Common

• Subclinical Hypothyroidism

Rare

• Heterophile (interfering) antibody

• Poor compliance with thyroxine

• Malabsorption of thyroxine

• Drugs (e.g. amiodarone, sertraline, 

cholestyramine)

• NTI recovery phase

Congenital 

• TSH-receptor defects

• Resistance to TSH associated with other (unspecified) defects

• Pendred’s syndrome—some cases (associated with sensineural deafness and goitre)]

Subclinical hypothyroidism

Subclinical hyperthyroidism
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Importance of Subclinical Thyroid Dysfunction 

Clin Biochem Rev Vol 24 November 2003

Subclinical Hypothyroidism (Mild thyroid failure) (↑TSH, ↔ FT4)

Non specific symptoms may improve with treatment

Progression to overt hypothyroidism (~ 5% per year)

Adverse effect on foetal brain development in pregnancy

Adverse effects on vascular compliance

Independent risk factor for atherosclerotic disease?

Beneficial effect of treatment on lipids?

Subclinical Hyperthyroidism (↓TSH, ↔ FT4, FT3 )

Progression to overt thyrotoxicosis

Exposure to iodine may precipitate severe thyrotoxicosis

Threefold increased risk of atrial fibrillation after 10 years

Osteoporosis & Bone Fractures risk increased
Increased risk of Heart failure and Stroke

Subclinical hypothyroidism

Subclinical hyperthyroidism
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SCH Manifestations

Symptoms

• hypothyroid symptoms 
• impaired well-being and quality of life
• impaired cognitive functions (working memory) 
• mood disturbances

Signs

• impaired left ventricle diastolic and systolic function
• hypertension 
• ↑ systemic vasular resistance 
• ↑ central arterial stiffness
• impaired endothelium function 
• ↑ carotid intima-media thickness
• impaired muscle energy metabolism 
• impaired peripheral nerve conduction latency and amplitude 
• impaired stapedial reflex

Biochemistry

• ↑ serum total and LDL cholesterol 
• ↑ HOMA index (insulin resistance) 
• ↑ serum C-reactive protein 
• ↓ factor VIIa
• ↑ serum lactate during exercise
• ↓ serum IGF-1, 
• ↑ serum leptin

Abnormalities reported in some but not all studies on subclinical hypothyroidism.
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SCH Management
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Hypothyroidism Drug Therapy
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• Treatment of choice is Levothyroxin

• Branded thyroxine recommended ?

• Brand consistency recommended

• No divided doses - illogical

• Not recommended for use :

 Desiccated thyroid extract

 Combination of thyroid hormones

 T3 replacement except in Myxedema coma

Many Causes, One Treatment
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Conditions That Alter 
Levothyroxine Requirements
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• Malabsorption Syndromes

• Reduced Absorption

 Cholestyramine resin

 Sucralfate

 Ferrous sulfate

 Soybean formula

 Aluminum hydroxide

 Colestipol hydrochloride

 Drugs that affect metabolism

 Rifampin

 Carbamazepine 

 Phenytoin

 Phenobarbitol

 Amiodarone

Drug Interactions 
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• Age (in elderly start with half dose)

• Severity and duration of hypothyroidism (↑ dose)

• Weight (0.5µg/kg/day ↑ upto 3.0µg/kg/day) 

• Malabsorption (requires ↑ dose) 

• Concomitant drug therapy (only on empty stomach)

• Pregnancy ( 25% ↑ in dose), safe in lactating mother

• Presence of cardiac disease (start alt. day Rx)

Dosage Adjustments
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• Goal : normalize TSH level – 25, 50 and 100 mcg tablets avail.

• Starting dose for patients < 50 years at 1.0 µg/kg/day

• Starting dose for patients > 50 years should be < 50 µg/day. Dose 

↑ by 25 µg, if needed, at  6 to 8 weeks intervals.

• Starting dose for patients with heart disease should be 12.5 to 25 

µg/day and increase by 12.5 to 25 µg/day, if needed, at 6 to 8 

weeks intervals

Start Low and Go Slow
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How the patient improves 

 Feels better in 2 – 3 weeks

 Reduction in weight is the first improvement

 Facial puffiness then starts coming down

 Skin changes, hair changes take long time to regress

 TSH starts showing decrements from the high values

 TSH returns to normal eventually
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Concept of Steady State Conditions & Treatment

Laboratory support for the diagnosis and monitoring of thyroid disease. Thyroid 2003; 13:1-126. 
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Over-replacement risks

• Reduced bone density / osteoporosis

• Tachycardia, arrhythmia. atrial fibrillation

• In elderly or patients with heart disease, angina,

arrhythmia, or myocardial infarction2

Under-replacement risks

• Continued hypothyroid state

• Long-term end-organ effects of hypothyroidism

• Increased risk of hyperlipidemia

Inappropriate Dosage 
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Diet in Iodine deficiency

• Iodized salt

• Selenium supplementation

• Fish, meat, milk & eggs

• Avoid: 

– Cassava

– Cabbage (goitrogens)

– Formula milk
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Myxedema Coma
• Precipitating factors :

 Infection, trauma, stroke, cardiovascular, hemorrhage drug overdose, 
diuretics

• Signs and Symptoms :

 Mental confusion, hypothermia, bradycardia, older age,

 ↓ Na,  ↓ glucose, ↑ CO2, ↓ WBC, ↓ Hct, ↑ CPK

 ↓ EKG voltage, myxedema, b-carotnenemia

• Treatment

 ICU transfer,

 T3 100 µg IV sixth hourly, 

 500 µg of  T4

 antibiotics, 

 ventilation, 

 hydrocortisone IV, 

 passive warming, 

 careful volume management
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Case Studies
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Case Study #1 

History: A 50 year old housewife complains of progressive weight gain of 9 Kg in 1 year, fatigue, slight 

memory loss, slow speech, dry skin, constipation, and cold intolerance.

Physical examination: 

•Vital signs include: t= 37.1oC, PR= 58/min and, BP 140/100. 

•She is moderately obese and speaks slowly and has a puffy face, with pale, cool, dry, and thick skin. 

•The thyroid gland is slightly enlarged, firm, not nodular, mobile, and not tender. 

•The deep tendon reflex time is delayed.

Laboratory studies: 

• CBC & differential WBC normal

• TT4 3.8 µg/dl (4.5-12.5)

• TSH 23.0 μU/ml (0.2-3.5), 

• Cholesterol 255 mg/dl (<200).

What is the likely diagnosis?

• Primary hypothyroidism

What are the most likely causes?

• Autoimmune thyroid disease (Hashimoto's thyroiditis)

• Idoine Deficiency

• Radioactive iodine therapy for hyperthyroidism

• Thyroidectomy

• External beam radiotherapy
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Case Study #2 

History: A 50 year old housewife complains of progressive weight gain of 9 Kg in 1 year, fatigue, postural 

dizziness, memory loss, slow speech, deepening  of voice, dry skin, constipation, and cold intolerance.

Physical examination:

• Vital signs include t= 36 oC, PR= 58/min and, BP 110/60. 

• She is moderately obese and speaks slowly and has a puffy face, with pale, cool, dry, and thick skin. 

• The thyroid gland is not palpable, 

• The deep tendon reflex time is delayed.

Laboratory studies: 

• CBC & differential WBC normal

• TT4 3.8 µg/dl, 

• TSH 1 μU/ml, 

• Cholesterol 255 mg/dl.

What is the likely diagnosis?
• Secondary hypothyroidism

• Tertiary hypothyroidism (less likely)

What is the next step?
• Imaging
.

What are the most likely causes?
• Pituitary tumor

• Pituitary infarction

• Sarcoidosis,

• Histiocytosis X,

• Hemochromatosis,

• Metastatic carcinoma involving pituitary, hypothalamus or stalk,

• Rathke's cleft cyst,

• Craniopharyngioma, 

• Carotid artery aneurysm compressing pituitary, infundibuloma, 

• Hypothalamic tumor (germinoma, meningioma, hamartoma)
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Thyroid Keyword in PubMed
Monday, October 31, 2022 



120/114

Thank You for your Attention
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