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o Thyroid gland seCretes T¢
(85%) ahd T3 (15 %).

T¢ is converted to T3, the
active hormone in tissues.
. T3 then released into
.\ Ty b.lood, Carried to other
tissues
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T4 and T3 levels part of feedbaCk |00Ops t0
regulate the hypothalamus and pituitary
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Thyroid hormone tranhsport

Binding Protein

T4

T3

Thyroxine binding globulin 70% | 70%
(TBG)

Transthyretin (TTR) 20% | 0%
Albumin ~10% | ~30%
Lipoproteins ~3% | ~6%




T4 T3
Mean total concentration 8 0.14
(ug/dL)
Mean free 1.6 | 04
concentration (ng/dl)
% Free Fraction 0.02% | 0.3%
T 1/2 (days) { 1
Volume of distribution 10L | 30L
Potency 0.3 1
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InCreases
1nCreases
1nCreases

InCreases protein fat, and Cholestero|
synthesis and degradation

IhCreases drug anhd ahesthesia metabolism

IhCreases tone of sympathetiC hervous
system

® Essential for in
infancy



Primmary
Or excess

Chronic lymphocytic thyroiditis or
Hashimotos thyroiditis

Gilent thyroditis / Post partum thyroiditis
Other Throiditis

absence thyroid, dyshormonogenesis

other drugs drugs — iodine excess, amiodarone,
interferon, lithium

GCecondary
pituitary or hypothalamus damage
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Signs & Symptoms of
Hypothyroidism are Nonspecific

General , lethargy, low energy,
Skin , coarse, hair changes, cool to the touch
HEENT , periorbital swelling or edema,

Heart 4 heart rate and contractility, diastolic dysfunction
Vascular vasoconstriction, hypertension
Gl J motility,

Reproductive

Neuro-psych slow reflex
relaxation, slowed mentation

Growth delayed bone age, short stature



“PhysiCians must

1F only patients presenting with
Clear suggestive symptoms anhd signhs
are evaluated, manhy affFected
individuals will remain
unhdiaghosed.”

Arch Jntern Med 2000;160:1573-1575



Should we sCreen for thyroid dysfunction?

(AAFP and USPSTP

http://www.guideline.gov/summary/summary.aspx?doC_id=118304-nbr=0060774¢string=thyroid

— Neonates (AAFP, USPSTF. American Academy of Pediatrics, ATA)

— Initial eVvaluation of elderly dementia patientsS (American Academy of
Neurology, ATA)

— unexplained depression, cognitive dysfunction GATA)

— women past 60 Years (ATA, 1995)

— At age 35 and then every 5 years thereafter (ATA, 2000)

— prior history of any mediCally or surgiCally treated thyroid disease should
be screened yearly (ATA)

— Patients with other autoimmune diseases (ATA)

— Hypercholesterolemia GATA)

— PBefore preghahcy or during Ist trimester for all women (AACE)

FANMA. 1995;273:808-812

Arch Intern Med 2000;160:1573-1575.

Ann Interh Med 200¢ Jah 20;140(2):125-7.

Pediatrics. 2006 Juhe 2006;117(6):2290-303

Endocrine Practice Vol 8 No. 6 November/December 2002



, previous PPTD

: affecting the
thyroid
Personal or family history of autoimmune diseases
addison’s disease, , celiaC sprue, SLE,

alopecCia areata, MS
Down syndrome, Turner syndrome

Abnormal labs (
, h)'pGrprOIaCtm?mla, hyperhomocysteinemia,

Drugs : i
; Al ) chium, interferon,
dopamine, sunitihib, sorafanib, thalidomide)



serum measurement
estimate (or direct measurement)

helpful to confirm antithyroid antibody
titers, either ahtimiCrosomal antibody

( ) Or
antithyroglobulin antibody
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thyroid fuhction tests
obtaihed from

must be interpreted
with , Since serum T¢

ahd/or TSH levels may suggest
hypothyroidism



= {5‘97 z t ] tytiyest B Contal Bpotiyeat
e OVERT * Subclinical Hypothyroidism
hypothyroidism —TSH HIGH (most often < 10)
- TSH HIGH — Free T4 normal
—Free T¢ LOW
-Prevalence 9-12%
— Prevalence 1-2%

-Women > Men
—TWomen> Men

“Treatment is controversial for
— Treatment is TSH < 10
indicated



Therapy for subcCliniCal hypothyroidism is
, especially if
antithyroid antibodies are present,
beCause

. If
decCision to hot treat they should be

evaluated yearly for progression Of
biochemicCal and CliniCal thyroid
dysfunction.
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, iIncluding obesity,
infertility, menstrual irregularity, short
stature, and ChronicC fatigue.

gome psycChiatrists, however, report the
benefit of adding thyroid hormone
mediCation tO triCyCliC ahtidepressants in
selected patients with depression, and
CliniCal improvements have beeh noted.



o [Levothyroxine sodium is the treatment Of
choice for the routine mahagement of
hypothyroidism.

O0H  Thyroxine (T4)

AACE advocates the use of high quality brand
levothyroXine

The patient should receive the same brand preparation
throughout treatment



Brand VS (zeneric [ ,evothyroxine

* Brands » (zeneriC Manhufacturers
— Synthroid (Abbott) — Mylabh
— Levo-T (Alara pharm) — Sandoz
— Levoxy| (King) — Lannett
— Levothroid (Lloyd) — &Genpharm

— (Onithroid (Stevens J)



Current FDA Bioequivalence Standards
Cannot Distinguish a 12.5% Dose Difference

%increase S0 A7 14 12 12 (10 10 17 14

o .ﬂ@ﬂ@ﬂ@@@
%Decrease 55 45 42 A1 10 8 9 A4 43




Certain drugs may interfere with absorption of levothyroxine.
L-T¢ should be spaced at least ¢ hours apart from these
medications:

, Cimetidine

Cevelamer (Renagel)
Chromium picolinate



Therapy should be directed
at using the dose of [,-T¢ to

concentration
-AACE: TSH <3
-NACB: TSH <2



Framingham Cohort over age 60, studied for 10

years

Incidence of Atrial Fibrillation (%)

3071

20 1

RR Afib 3.1 for TSH < 0.1 compared with normal

Low
thyrotropir:

.-F#
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T

T
.~ /Slightly low

High .7 - thyrotropin
thyrotropin -~/ et
el e
,,,,,,,, T .. Normal
- thyrotropin

Sawin, et al, NEJM 1994



with hypothyroidism require
approximately
for full replaCement.

may require higher doses

may heed



STARTING DOSE in LEVOTHYROXINE
THERAPY

o : fUll replaCement.

o 0.025 t0 0.05
g Of levothyroxine daily



PeriodiCc monitoring is essential
EValuate treatment response
Assess Compliance
? Drusg interactions

Physical exam relevant to the thyroid
anhually

Adjust Dose

Once stable
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Jonklaas et al, JAMA 2008; 299(7):769-777

Euthyroid, Thyroid intact Hypothyroid, L-T4 200 mcg/day

Surks, Shadlow & Oppenheimer, JCI 1972; 51:3104



Chronic T3 For hypothyroidism is
not recommended since its use is assoCiated
with a higher degree of hyperthyroidism.
Some individuals, especially elderly
individuals, are especially sensitive to the
deleterious effects of T3.

Biological
ahd synhthetiC preparations
containing both T¢ and T3 are also hot
recommended since they produce
Fluctuating and elevated T3 concentrations,
although their use is hot hecessarily
contraindiCated



Athyrotic subjects given T3 once daily
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700

Surks, Shadlow & Oppenheimer, JCI 1972; 51:3104
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TABLE 4. Summary of studies evaluating levothyroxine plus liothyronine combinations for the treatment of hypothyroidism

- Bunevicius ef al. Walsh et al. Sawka ef al. Clyde et al. Siegmund ef al.  Saravanan ef al.  Escobar-Morreale  Appelhof et al.
Smith ef ul. (29) : 3 (43) (39)

(30, 32r (36) (37) Bl et al. (44) (45)
Trealoenl Tym gt Taonuy Tasubstitulion Ty suletilution Ty substilulivn Ty substilution Physivlugical Ty’ Ty substilution Physivlogical Ty Supraphy-
approach v5. T 100 g Ty propartion Ty proportion siological Ty/T;
tablets proportions
TyT, doses Variable WVariable Variable Variable Variable Variable Variable Fixed Variable
Dezign Lrossover Lrossover Crossover FParallel Farallel Urossover Farallel Urossover FParallel
Degree of Not specified Mot specified Naot specified Not specified Not specified Not specified Not specified Overt Not specified
hypothy- hypothyroidizm
roidism
Prestudy period =6 months =3 momths =32 months =6 months =3 months Not specified =3 months =12 months =6 months
with stahle T,
dose
Treatment Swk Ewk 10 wk 1215wk 16 wk 12 wk 12 months 8wk 15 wk
periods
Patienta 87 2326 101 30 44 23 573 26 130
analyzed
Sample size No Mo Yes Mo Yes Yes" Yes Yes No
analysiz
Outcomes? Thyroid function Thyroid function Thyroid function Thyroid function Thyroid function Thyroid function Thyroid fumction  Thyreid function  Thyroid function
QoL QoL QoL QoL QoL QoL QoL QoL
Mood Mood Mood Mood Mood Mood Mood Mood
Psycho Paycho Paycho Psycho Psycho Paycho Paycho Paycho
Proference Preference Preforonce Preference
Few biological ~ Few hiological Few biological Pharmaco- Soveral biological Multiple Fow hiological
ond-points end-points end-points kinetics end-points biological end- end-points
points
External No Mo No No No No No Yoz No
anthyrnid
control group
Bonofite of T, + No Yoe No No No No Mo No Mo
Ty
Undeszirable Yes Mo Naot reported Mot reported Not reported Yez (zerum TSH Mo Yea (serum TSEH  Yea (serum TEH
effects of Ty +  (Hyperthyroid Suppression suppression suppression
Ty syiupluis) anad abrial annd invressed ad increased
arrythmia) urinary bone serum bone
remodeling remodeling
markers) markers)
Pahents’ T, Ty +'Tq Ty="T; +1y Mot assessed Mot assessed Not assessed Not assessed Ty + 1y Ty+ Ty
preference

Psycho, Test of psychometric performance. [Modified with permission from H. F. Escobar-Morreale ef al.: Ann Infern Med 142:412, 2005 (44).° American College of Physicians.]

* A later study by Dunevicius ef al. (34) has not been included in this table because the small sample size of 10 patients precluded reaching a definite conclusion. Also, this table
does not contain information of a study by Cassio ef al. (42) because it included infants with congenital hypothyroidism and the outcomes are not comparable with studies conducted
in adults.

* Patients received the prestudy number of tablets (two or three) throughout the study.

“A priort sample size caleulation gave a mimmimum of 24 patients for an 0% power at the & <2 .05 sigmificance level, but only 43 patients completed the study.

 Thyroid function tests: serum thyroid hormone levels, except in Ref. 29 in which serum PBI and Ty-resin uptake were measured.

Escobar-Morreale et al, JCEM 2005; 90: 4946-4954



SpecCial Populations

Pregnancy and Hypothyroidism



Jodine treatment
at birth does not
prevent ehdemic
heurologiCal
Cretinism

NeurologiCal — strabismus, deaf-mutism (50%), proximal spasticCity,

disordered gait ahd Ccoordination



During pregnhancy and breast feeding, women shouid
inCrease their daily iodine intake t0 250 mCcg/day on
average

USPSTF A, evidence good, Grade 1 +++-

* 90 MCE for preschool children (0-59 months)
e 120 MCg for schoolchildren (6-12 Yrs)

Moderate 20-49 mcCg/day

lodine deficiency becomes SighifiCant in preghahCy when iodine
intake < 200 mcg/day

WHO/UNICEF/ICCIDD; 2001; WHO publ.WHO/NHD/01.1. 1-107 pp



Treatment Of

sporadiC congenital hypothyroidism
with thyroid hormone

beginning in the heohatal period
permits

normal heurologiCal development.



1Q scores in children born to
mothers with hypothyroxinemia

Children born to
Healthy
Mothers
mothers | Wieh hypoTy | PYAILe
verage over
;Aéore — 107 go\; all 0.06
verage "
'sAéoreag 12 107 ;%g reated) | 0.004
YENase -treate
’sAc(:ore se12 107 gf ated) | 5,559
1Q scores > 2 SD below the
nean of controls ¢ % 13 % 0.08




TABLE 2. MEASUREMENTS OF THYROID FUNCTION
IN THE STUDY WOMEN DURING PREGNANCY.*

WomEeN wiTH ControL
HYPOTHYROIDISM Women
VARIABLE (N=62) (N=124)
Serum thyrotropin concentration 13.2+0.31 1.4%0.2
(mU/liter)
Serum thyroxine concentration 7.4x0.1% 10.6%0.1
(ng/dl)
Serum free thyroxine concentration 0.71x0.1% 0.97%0.07
(ng/dl)
High serum concentrations of anti- 77t 14

thyroid peroxidase antibodies (%)}

*Plus—minus values are geometric means % the logarithmic SD. To con-
vert values for serum thyroxine and free thyroxine to nanomoles per liter
and picomoles per liter, respectively, multiply by 12.87.

1P<0.001 for the comparison with the control women.

fConcentrations of more than 2 U per milliliter were considered high.

Haddow et al, NEJM 1999; 341:549-555.
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Figure 1. Distribution of Serum Thyrotropin Concentrations
during Pregnarcy in the €2 Women with Hypothyroidism and
the 124 Matched Control Women.

Open circles indicate the 14 women who were reated far hy-
pathyroidism during the pregnancy under study. Selected per-
centiles are shown for the entire cohort of 25216 pregnant
WaOmen.



*Maternal
hypothyroidism should
be avoided

» USPSTTF level A, evidence fair, Grade 1 +++-



TRepercussions of Hypothyroidism oh
pregnhahcCy: Maternal aspects

» DecCreased fertility

» InCreased prevalence of
— Abortion
— Anhemia
— @Gestational HTN
— Placental abruption
— Postpartum hemorrhage

« Adequate [-T¢ treatment greatly deCreases the risk Of a
poorer obstetriCal outcome



TRepercussions of Hypothyroidism oh
pregnancy: Fetal aspects

* Premature birth
o [L,ow birth weight
o Neonhatal respiratory distress



Overt Hypothyroidism diaghosed during
preghahCy

* TFTS should be hormalized as rapidly as
possible to trimester specific normal TSH
ransges.

——

——

* TFTS Can be

«  USPSTF A, evidence good, Grade 1 ++++



Median and 95% TSH confidence limits (Hong Kong)

Panesar et al, Ann Clin Biochem 38:329, 2001
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| 2 30 40
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F1Gc. 1. Median and 95% confidence levels for TSH during pregnancy.
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[-T¢ dose needs to be

inCremented by ¢-6 weeks

gestation and may require a
in dosage

USPSTF A, evidence good, Grade 1 (++++)



E — At 10 weeks, the Lt¢ dose had
B inCreased by 29 +/-5 %

LI At 20 weeks, the [ T¢ dose had

i — inCreased by 48%

¢ i
sy Time at which inCreased TSH was
£9 14 — first observed Varied between ¢.¢
- and 16 weeks (mediah 8 weeks).
R

oo, 0004

B omm e ¥ Women who are currently being

T treated for hypothyroidism should

£ I- be given written instruction to
N inCrease their current dose of [-
22 o] [\ T4 by taking 2 extra daily doses
9 ol | - each week (to inCrease dose by
J R S —— 29%) beginning the week

pregnancy is confirmed

‘Weaeks of Gastation

Alexander et al, NEJM 2004: 351: 241-9



Check TSH each trimester

After delivery, most hypothyroid women heed a deCrease

in the L T¢ dosage they received during preghancy
USPSTF A, evidence good, Grade 1 ++++

and



» Women with who are
are
at risk of developing hypothyroidism ahd
should be monitored for elevation of TSH
above the hormal rahge

« USPSTF A, evidence good, Grade 1 (+++-)



Post Partum Thyroiditis

» Women known to be thyroid peroXidase antibody
positive should have a TSH performed at 3 ahd 6
months postpartum

» [USPSTF A, evidence good, grade 1 +++-



American Thyroid Association Guidelines for detection of Thyroid dysfunction. Paul W.
Ladenson, Peter A. Singer, Kenneth B. Ain, Nandalal Bagchi, S. Thomas Bigos, Elliot G.
Levy, Steven A. Smith, Gilbert H. Daniels. Archives of Internal Medicine (Arch Intern
Med) 2000:160:1573—1575.

Treatment guidelines for patients with hyperthyroidism and hypothyroidism Peter A.
Singer, David S. Cooper, Elliot G. Levy, Paul W. Ladenson, Lewis E. Braverman, Gilbert
Daniels, Francis S. Greenspan, I. Ross McDougall, Thomas F. Nikolai. Journal of the
American Medical Association (JAMA)1995:273:808—812.

AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS MEDICAL GUIDELINES FOR
CLINICAL PRACTICE FOR THE EVALUATION AND TREATMENT OF HYPERTHYROIDISM AND
HYPOTHYROIDISM AACE Thyroid Task Force

Management of Thyroid Dysfunction during Pregnancy and Postpartum:An Endocrine
Society Clinical Practice Guideline

National academy of clinical biochemistry. Laboratory Medicine Practice Guidelines. Laboratory
support for the diagnosis and monitoring of thyroid disease.
http://www.aacc.org/members/nacb/Archive/lLMPG/ThyroidDisease/Pages/ThyroidDiseasePDF.aspx



