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Normal Physiology of the ThyroidNormal Physiology of the Thyroid

Its main function is to secrete appropriate amounts of Its main function is to secrete appropriate amounts of 
tetraiodothyroninetetraiodothyronine (T4) and (T4) and triiodothyroninetriiodothyronine (T3)(T3)

Most (80%) of T3 is produced by Most (80%) of T3 is produced by extrathyroidalextrathyroidal
deiodinationdeiodination of T4of T4

T3 interacts with nuclear T3 receptors in multiple target T3 interacts with nuclear T3 receptors in multiple target 
tissue and subsequently affect promoter regions of tissue and subsequently affect promoter regions of 
genes that are positively or negatively regulated by genes that are positively or negatively regulated by 
thyroid hormonethyroid hormone



Thyroid hormone synthesisThyroid hormone synthesis
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Thyroid hormone transport and Thyroid hormone transport and 
metabolismmetabolism

Only 0.04% of T4 and 0.4% of T3 are unboundOnly 0.04% of T4 and 0.4% of T3 are unbound
Major binding protein Major binding protein 
–– Thyroxine binding globulin 70%Thyroxine binding globulin 70%
–– TransthyretinTransthyretin 10%10%
–– Albumin 15%Albumin 15%

DeiodinationDeiodination in target tissuein target tissue

Thyroxine

Activating Pathway

5’ monodeiodinase

Inactivating Pathway

5 monodeoidinase

Free T3 Reverse T3



Regulation of Thyroid functionRegulation of Thyroid function

-
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HypothalmicHypothalmic TRH stimulates TRH stimulates 
thyrotrophic cells in anterior thyrotrophic cells in anterior 
pituitary to produce TSHpituitary to produce TSH

TSH promotes  thyroid gland TSH promotes  thyroid gland 
growth and hormone secretiongrowth and hormone secretion

TSH is regulated by T3 levels TSH is regulated by T3 levels 
within within thyrorophicthyrorophic cells cells 



Thyroid hormone actionThyroid hormone action
Promotes normal fetal and childhood growth and developmentPromotes normal fetal and childhood growth and development

Regulates heart rate, myocardial contractility and cardiac Regulates heart rate, myocardial contractility and cardiac ouputouput

Maintains Maintains ventilatoryventilatory responses to hypoxia and responses to hypoxia and hypercapniahypercapnia in the in the 
brainstembrainstem

Modulates body energy expenditure, heat generation and weightModulates body energy expenditure, heat generation and weight

Lipid and carbohydrate metabolismLipid and carbohydrate metabolism

Stimulates bone turnover and increases bone Stimulates bone turnover and increases bone resorptionresorption and bone and bone 
formationformation

Affects gastrointestinal motility and renal water clearanceAffects gastrointestinal motility and renal water clearance



Age related changesAge related changes
•• Each organ system function declines at different ratesEach organ system function declines at different rates

•• 75% of the elderly have at least one disease75% of the elderly have at least one disease

•• Thyroid disease will manifest itself with symptoms Thyroid disease will manifest itself with symptoms 
derived from the most compromised systemderived from the most compromised system

•• The existence of other disease and the use of multiple The existence of other disease and the use of multiple 
medications will mask or mimic the presentation of medications will mask or mimic the presentation of 
thyroid diseasethyroid disease



Age related changes in thyroid functionAge related changes in thyroid function

Overall thyroid function tests T4, TSH and Overall thyroid function tests T4, TSH and 
T3 do not change with agingT3 do not change with aging



Prevalence of Thyroid DiseasePrevalence of Thyroid Disease

•• Prevalence is twice that of younger Prevalence is twice that of younger 
populationpopulation

•• Hypothyroidism 2Hypothyroidism 2--7% 7% 
•• Subclinical hypothyroidism 6Subclinical hypothyroidism 6--13% 13% 
•• Progression to overt hypothyroidism is 2Progression to overt hypothyroidism is 2--

5% per year5% per year
•• Hyperthyroidism 2%Hyperthyroidism 2%



Hypothyroidism in the ElderlyHypothyroidism in the Elderly

•• Most commonly due to Chronic autoimmune thyroiditis, Most commonly due to Chronic autoimmune thyroiditis, 
radioactive iodine ablation, thyroid surgery, iodine radioactive iodine ablation, thyroid surgery, iodine 
deficiency.deficiency.

•• Other possible causes in the elderly Other possible causes in the elderly amiodaroneamiodarone, lithium, lithium

•• The risk of developing overt hypothyroidism increases The risk of developing overt hypothyroidism increases 
with age in the presence of antiwith age in the presence of anti--thyroid Abs or elevated thyroid Abs or elevated 
TSHTSH

•• Female: Male ratio 10:1Female: Male ratio 10:1



Unique features of hypothyroidism  Unique features of hypothyroidism  
in the Elderlyin the Elderly

May easily overlook hypothyroidismMay easily overlook hypothyroidism

50% complain of fatigue and weakness50% complain of fatigue and weakness

Weight gain is usually not more than 10Weight gain is usually not more than 10--20 lbs20 lbs

More likely to present with cardiovascular or More likely to present with cardiovascular or 
neuropsychiatricneuropsychiatric symptomssymptoms



Clinical PresentationClinical Presentation
Cardiovascular:Cardiovascular:
–– bradycardiabradycardia
–– Diminished cardiac outputDiminished cardiac output
–– Low voltage QRSLow voltage QRS
–– Diastolic hypertensionDiastolic hypertension
–– Increased LDLIncreased LDL
–– Pericardial effusion Pericardial effusion 

NeuropsychiatricNeuropsychiatric::
–– Lethargy, fatigue, sleep disturbanceLethargy, fatigue, sleep disturbance
–– Poor concentration, cognitive impairmentPoor concentration, cognitive impairment
–– DepressionDepression
–– MyxedemaMyxedema madness (confusion, paranoia) in severe diseasemadness (confusion, paranoia) in severe disease

PulmonaryPulmonary
–– Sleep apneaSleep apnea
–– Exquisite  sensitivity to sedative medicationsExquisite  sensitivity to sedative medications



Clinical PresentationClinical Presentation

Signs:Signs:
–– Puffy facePuffy face
–– Hoarseness of voiceHoarseness of voice
–– Coarse hair, hair lossCoarse hair, hair loss
–– EdemaEdema
–– Dry skinDry skin
–– MacroglossiaMacroglossia
–– Atrophic thyroid glandAtrophic thyroid gland
–– Delayed relaxation phase Delayed relaxation phase 

of deep tendon reflexesof deep tendon reflexes



DiagnosisDiagnosis

•• Clinical presentationClinical presentation
•• Biochemical assessment:Biochemical assessment:

•• Elevated TSHElevated TSH
•• Low Free T4Low Free T4
•• Central hypothyroidism should be considered Central hypothyroidism should be considered 

if low FT4 and normal TSHif low FT4 and normal TSH



TreatmentTreatment

•• Levothyroxine:Levothyroxine:
•• Initiation of  low dose Initiation of  low dose 

levothyroxine 25levothyroxine 25--50 mcg/ day 50 mcg/ day 
•• Increase by 12.5Increase by 12.5--25 mcg every 25 mcg every 

11--2 weeks until an approximate 2 weeks until an approximate 
dose of 1 mcg/kg/daydose of 1 mcg/kg/day

•• Ensure proper administration of Ensure proper administration of 
levothyroxinelevothyroxine

•• Target TSH 1.0Target TSH 1.0--3.0 3.0 mIUmIU/L/L
•• Adjustment of other medications Adjustment of other medications 

as hypothyroidism is correctedas hypothyroidism is corrected
•• Avoid over treatmentAvoid over treatment



Drugs influencing thyroid hormone Drugs influencing thyroid hormone 
requirementsrequirements

Drugs that increase TBG Drugs that increase TBG 
concentrationconcentration
–– Oral estrogensOral estrogens
–– TamoxifenTamoxifen
–– MethadoneMethadone
–– MitotaneMitotane, , FlourouracilFlourouracil

Drugs affecting  T4 Drugs affecting  T4 
metabolism metabolism 
–– PhenobarbitalPhenobarbital
–– RifampinRifampin
–– PhenytoinPhenytoin
–– Carmazepine

Affecting exogenous T4 Affecting exogenous T4 
absorptionabsorption
–– Bile acid Bile acid sequestrantssequestrants
–– Ferrous SulfateFerrous Sulfate
–– Calcium/ MVICalcium/ MVI
–– PPIPPI
–– BisphosphonatesBisphosphonates

Carmazepine



Subclinical HypothyroidismSubclinical Hypothyroidism
•• A lab diagnosis: High TSH with normal Free T4A lab diagnosis: High TSH with normal Free T4

•• Asymptomatic or vague symptoms : fatigue, sleep Asymptomatic or vague symptoms : fatigue, sleep 
disturbance, cognitive impairment, depressiondisturbance, cognitive impairment, depression

•• Same causes as overt hypothyroidism: most commonly Same causes as overt hypothyroidism: most commonly 
autoimmune thyroiditis. autoimmune thyroiditis. 

•• Prevalence in women > 60 years old is 20%Prevalence in women > 60 years old is 20%

•• Progression to over hypothyroidism 2Progression to over hypothyroidism 2--5% per year5% per year



Subclinical HypothyroidismSubclinical Hypothyroidism
•• To treat or not to treat ?To treat or not to treat ?
•• Cardiovascular risk?Cardiovascular risk?

•• Rotterdam study : increased risk of aortic atherosclerosis and MRotterdam study : increased risk of aortic atherosclerosis and MI in womenI in women
•• Increased total cholesterol and LDL, decreased HDLIncreased total cholesterol and LDL, decreased HDL
•• Treatment of subclinical hypothyroidism associated with improvemTreatment of subclinical hypothyroidism associated with improvement in ent in 

surrogate markers of cardiovascular diseasesurrogate markers of cardiovascular disease

•• TSH values between 4.5 TSH values between 4.5 --10 10 mIUmIU/L        controversial/L        controversial
•• Treatment strongly recommended for:Treatment strongly recommended for:

•• TSH >10 TSH >10 mIUmIU/L /L 
•• Symptoms or signsSymptoms or signs
•• Family history of thyroid diseaseFamily history of thyroid disease
•• hyperlipidemiahyperlipidemia



Hyperthyroidism in the ElderlyHyperthyroidism in the Elderly

Prevalence of suppressed TSH 2%Prevalence of suppressed TSH 2%

Prevalence of GravePrevalence of Grave’’s disease decreases s disease decreases 
but remains most common cause of but remains most common cause of 
hyperthyroidismhyperthyroidism

There is an increased prevalence of There is an increased prevalence of 
Multinodular goiter and toxic nodulesMultinodular goiter and toxic nodules



Clinical Presentation in the ElderlyClinical Presentation in the Elderly

•• Presentation reflects most vulnerable systemsPresentation reflects most vulnerable systems
•• Nonspecific symptomsNonspecific symptoms

•• AnorexiaAnorexia
•• Weight loss and loss of appetiteWeight loss and loss of appetite
•• ConstipationConstipation

•• Cardiovascular: Cardiovascular: 
•• atrial fibrillationatrial fibrillation
•• DyspneaDyspnea
•• AnginaAngina
•• CHF and MICHF and MI

•• ““Apathetic Apathetic thyrotoxicosisthyrotoxicosis””
•• Muscle weakness and proximal muscle wastingMuscle weakness and proximal muscle wasting



DiagnosisDiagnosis

Low TSH (some pitfalls)Low TSH (some pitfalls)
High Free T4 and/or Free T3High Free T4 and/or Free T3
II--123 thyroid scan123 thyroid scan
–– evaluate cause of hyperthyroidismevaluate cause of hyperthyroidism
–– To determine dose of radioactive iodine to be To determine dose of radioactive iodine to be 

used for treatment in the futureused for treatment in the future



TreatmentTreatment

•• Symptom control with beta blocking agentsSymptom control with beta blocking agents

•• Referral to endocrinologist Referral to endocrinologist 
•• AntiAnti--thyroid drugsthyroid drugs
•• Radioactive iodineRadioactive iodine
•• SurgerySurgery

•• Post treatment monitoring and adjustment of Post treatment monitoring and adjustment of 
other medication dosesother medication doses



AntithyroidAntithyroid MedicationsMedications

Side effects:Side effects:
–– Allergic reaction : minor rash in 5% of Allergic reaction : minor rash in 5% of 

patientspatients
–– RareRare

AgranulocytosisAgranulocytosis 0.5%0.5%
Hepatic toxicity 0.1%Hepatic toxicity 0.1%
Acute arthritisAcute arthritis
VasculitisVasculitis



Subclinical HyperthyroidismSubclinical Hyperthyroidism
Low or undetectable TSH level in the face of a normal Free T4 anLow or undetectable TSH level in the face of a normal Free T4 and d 
T3 levelT3 level
Causes: GraveCauses: Grave’’s , MNG, autonomous solitary nodule, thyroiditiss , MNG, autonomous solitary nodule, thyroiditis

Cardiovascular effects:Cardiovascular effects:
–– Increased frequency of premature atrial & ventricular beatsIncreased frequency of premature atrial & ventricular beats
–– Increased frequency of atrial fibrillationIncreased frequency of atrial fibrillation

Treatment recommended if TSH < 0.1 Treatment recommended if TSH < 0.1 mIUmIU/L or the patient has /L or the patient has 
cardiovascular diseasecardiovascular disease



Factors affecting thyroid evaluationFactors affecting thyroid evaluation

•• Overt thyroid disease present in 9% of Overt thyroid disease present in 9% of 
hospitalized elderly patientshospitalized elderly patients

•• Hospitalized patients:Hospitalized patients:
•• MedicationsMedications
•• RadiocontrastRadiocontrast studiesstudies
•• NonNon--Thyroidal Illness (Euthyroid sick Thyroidal Illness (Euthyroid sick 

syndrome)syndrome)



Medications and Thyroid FunctionMedications and Thyroid Function

Drugs affecting thyroid function Drugs affecting thyroid function teststests

Drugs causing thyroid dysfunctionDrugs causing thyroid dysfunction



Drugs affecting thyroid function Drugs affecting thyroid function 
teststests

Low TSH can be caused by use of:Low TSH can be caused by use of:
–– DopamineDopamine
–– OctreotideOctreotide
–– GlucocorticoidsGlucocorticoids



Drugs causing thyroid dysfunctionDrugs causing thyroid dysfunction

Lithium CarbonateLithium Carbonate

Cytokines: Cytokines: 
–– Interferon Interferon alfaalfa: positive : positive antithyroperoxidaseantithyroperoxidase

antibodies in 20%antibodies in 20%
–– InterleukinInterleukin--2 : painless thyroiditis in 20%2 : painless thyroiditis in 20%

Iodine containing medicationIodine containing medication
–– Radiographic contrast (coronary angiography, Radiographic contrast (coronary angiography, 

computed tomography)computed tomography)
–– AmiodaroneAmiodarone



Iodine containing medicationsIodine containing medications

Normal thyroid glandNormal thyroid gland
–– Transient decrease T3 and T4 secretion and increase Transient decrease T3 and T4 secretion and increase 

in TSHin TSH

Euthyroid with Chronic Autoimmune thyroiditisEuthyroid with Chronic Autoimmune thyroiditis
–– Persistent hypothyroidismPersistent hypothyroidism

Euthyroid with thyroid autonomy (multinodular Euthyroid with thyroid autonomy (multinodular 
goiter)goiter)
–– Persistent hyperthyroidismPersistent hyperthyroidism



AmiodaroneAmiodarone

Iodine content is 75mg per tabletIodine content is 75mg per tablet
Elimination half life is 100 daysElimination half life is 100 days
Transient effects (may last for several months)Transient effects (may last for several months)
–– Inhibits T4 to T3 conversion Inhibits T4 to T3 conversion 
–– Increases rT3 and decreases T3Increases rT3 and decreases T3
–– Increase TSHIncrease TSH

Destructive thyroiditisDestructive thyroiditis
May cause hypothyroidism in 5May cause hypothyroidism in 5--25% 25% 
May cause hyperthyroidism in 2May cause hyperthyroidism in 2--10%10%
Obtain thyroid function tests before initiation of therapy Obtain thyroid function tests before initiation of therapy 
and periodically afterwardsand periodically afterwards



NonNon--Thyroidal Illness in the ElderlyThyroidal Illness in the Elderly

Also referred to as euthyroid sick syndrome, or low T3 syndromeAlso referred to as euthyroid sick syndrome, or low T3 syndrome

Adaptive changes in acute illness to conserve energy expenditureAdaptive changes in acute illness to conserve energy expenditure by by 
reducing metabolic ratereducing metabolic rate

Low T3, Low T4, High reverse T3Low T3, Low T4, High reverse T3

Can occur in 75% of hospitalized patientsCan occur in 75% of hospitalized patients

Magnitude of changes depends on severity of illnessMagnitude of changes depends on severity of illness

Low T3 is an independent predictor of survivalLow T3 is an independent predictor of survival

TSH can be low during acute illness and may increase as high as TSH can be low during acute illness and may increase as high as 20 20 
mIUmIU/L during recovery phase/L during recovery phase



SummarySummary

Knowledge of the physiology of the Knowledge of the physiology of the hypothalmichypothalmic
pituitary thyroid axis, the common drug pituitary thyroid axis, the common drug 
interactions and effects, the multiple coexistent interactions and effects, the multiple coexistent 
illnesses,  and the subtle presentation of thyroid illnesses,  and the subtle presentation of thyroid 
disease is essential for the clinicians evaluation disease is essential for the clinicians evaluation 
and management of thyroid disease in the and management of thyroid disease in the 
elderly patientelderly patient
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