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Regulation of thyroid function

Chaker L, Razvi S, Bensenor IM, Azizi F, Pearce EN, Peeters RP.
Nat Rev Dis Primers 2022; 8: 30
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Global prevalence of overt hypothyroidism and iodine status

Hypothyroidism
prevalence (%)
o2-05% 3 E
I >05-10 b
N 1020
| 2o
Na data

lodine intake
B sufficient (el BC < 100 pgf)
Adequate (miNC 100299 pg)
B Excessive (MmUNC =300 g/l
No recent data avalable

Chaker L, Razvi S, Bensenor IM, Azizi F, Pearce EN, Peeters RP.
Nat Rev Dis Primers 2022; 8: 30



Primordial prevention

Includes actions and measures that inhibit the emergence
of risk factors in the form of environmental, economic,
social, and behavioral conditions and cultural patterns of
living.

Elimination or reduction of risk factors prior to the onset

of disease, which removes the possibility that the disease

will ever occur.

Azizi F etal. 2018; 43(2): 124-140



Primordial and primary preventions of thyroid disease

1.  Correction of iodine deficiency

» Whole population in iodine deficient regions

» Pregnant and lactating women in iodine sufficient
areas?

2. Tobacco smoking sessation

» Graves, Graves’ eye disease and ATD (?)
»  Thyroid nodules?

3. Alcohol and Graves

Cooper DS & Ridgway EC. Thyroid 2002; 12: 925.



Goiter has been known since
the days of Lord Buddha and
before




Importance of iodine and thyroid hormones in brain
development

50,000 brain cells
produced/second
In developing
fetal brain

* 100 billion brain cells In
adult

* One million billion
connections between these
brain cells:

Determine 1Q
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lodine Requirement in Pregnancy (pg/day)

During pregnancy

Basal 150
40-50 % increased T4 requirements 50-100
transfer of T4 and | from mother to fetus 50
Increased renal clearance of | 50
Total requirement 250-300

Delange: Int.J. Endocrinol. Metab. 2: 1, 2004



Likely insults to the CNS in: congenital hypothyroidism

severe iodine deficiency

from the mother
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How much 1odine we get from i1odized salt?
(numbers In red are daily iodine intake)*

Daily salt intake Amount of iodine In table salt
(gm) 20 ppm 30 ppm 40 ppm
2 40 o0 80
4 80 120 160

6 120 180

* Daily requirement of pregnant women: 200-300 ug/day



Recommendation 6 & 8

Women who are planning pregnancy or currently pregnant, should

supplement their diet with a daily oral
supplement that contains 150 ug of iodine In the
form of potassium iodide. This Is optimally
started 3 months In advance of planned
pregnancy.

There is no need to initiate iodine supplementation in pregnant women who are
being treated for hyperthyroidism or who are taking LT4.

2017 ATA Guidelines, Thyroid



lodine Supplementation

In Pregnancy

Before conception & First trimester:

Folic Acid + lodine 150 ng

Second and third trimesters:
Multivitamins + lodine 150 pg

or Folic Acid + lodine 150 ug
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Tobacco Smoking and Thyroid

Worsens ID: Competitive inhibitory effect of thiocyanate on
NIS

Increases risk of Graves: Affects autoimmunity
Role in orbitopathy

Conflicting results on hypothyroidism

Lower prevalence of circulating thyroid antibodies

Smoking cessation
« Appearance of serum thyroid antibodies
« Transient rise of overt hypothyroidism

Prumme L & Wiersing. JAMA 1939; 269: 479.
Carle A et al. Clin Endocrinol 2012; 77: 764.
Effarimidis G et al. JCEM 2009; 94: 1324.



Thyroid disrupting chemicals, their source, mechanisms of
thyroid disruption and implications on the host

Thyroid disruptor Source Mechanism of thyroid disruption Implication
Pthalates Plastic containers and plastic Induce hyperactivity of iodine transporter. Hyperthyroidism
feeding tubes
Thiocynates Cabbage Inhibit iodine uptake into thyroid by inhibiting sodium-iodide ~ Hypothyroidism
Nitrates Green leafy vegetables transporter. Antagonize thyroid peroxidase too.
Perchlorates Nitrate based fertilizers
Soy isoflavones Naturally occurring in soyabean  Block thyroid peroxidase enzyme Hypothyroidism
and soy products
Benzophenone Sunscreen containing cosmetics
Polychlorinated biphenyls coolants of capacitors and PCBs have multiple mechanisms of action as follows- Hypothyroidism or
(PCBs) include- transformers. hyperthyroidism
Hexachlorobenzene Fish exposed to industrial pollutants. 1. Competitive binding to thyroid hormone binding prealbumin. Thyroid neoplasm,
Flame retardants, DDT  Pesticides and herbicides. 2. Enhanced hepatic metabolis m. Affects fetal brain
3. Altered binding of thyroid hormone to its receptor. development.
4. Inhibition of constitutive activity of TSH receptor.
Acetachlor Pesticides Increased hepatic metabolism of thyroid hormones. Hypothyroidism
Amitriole Fungicide Reduces penpheral conversion of T4 to T3 by inhibiting Hypothyroidism

deiodinase

Murthy MB et al. Indian J Pharmacol 2012; 44(4):542-3



Secondary prevention of thyroid disease

(1) Congenital hypothyroidism
(2) Subclinical hypothyroidism
(3) Subclinical hyperthyroidism
(4) Ultrasonographic detection of thyroid cancer
a. Nodules
b. Lymph nodes
c. Siblings
(5) Calcitonin screening in nodular thyroid for MTC
(6) RET analysis
(7) Screening in pregnancy

(8) Graves’ orbitopathy

Azizi F et al. 2018; 43(2): 124-140



Likely insults to the CNS in:

congenital hy&othyroidism
severe iodine deficiency

T

4
Y fromthe child

from the mother‘

Major events | in CNS development
Cerebellum |

of hippocampus |

7 % Birth
Gestational age in months




ol 2! 59 CH 530 5 a6

WP Jle yo glelie o150k )50 6, NLE sl pladl gl
el i S Sy pede oTLSIS sue wlidxs b0 buwgd
20 W dgeS e ) lgBl S Gl Slgl Jdo a4 (Jg wo)S
0O M OgeS &8, b ad Bgie Jlw 90 I (e addllae ol (oS
S (S poke oL 3090 dud ClEdRT 35 po jelS
&5 Medlims w31 9 ol !l (o051 G351 plojlw (550 L (i
JLo 51 1y adgd (6915500 6y (6,5b,¢ anliy Toumo (g0
Aiglod Al [y 9 Ol 7 poei LGLw Loy 51 pams 0 YYYP
L0 |yl



4ol g a0

WAY Jlw ol ook e
WWAY Jlo oyl ¥ 50 (olib) SiolosT ol

\WAYF olo p4e0 1 g CaoDw i yo pleol®




Transitions from euthyroidism to hypothyroidism or
hyperthyroidism

_ Serum TSH Serum FT4 Serum FT3

Overt hyperthyroidism

T3-toxicosis ! N 0
Subclinical ! N N
hyperthyroidism

Euthyroidism N N
Subclinical 1 N N
hypothyroidism

Mild hypothyroidism 1 ! N

Overt hypothyroidism 0 ! |



Subclinical thyroid dysfunction definitions

Subclinical hypothyroidism

= Increased serum TSH but normal serum FT4

Subclinical hyperthyroidism

= decreased serum TSH but normal serum FT4 and FT3



Benefit of T4 treatment of subclinical
hypothyroidism: a meta-analysis

*» 12 randomized clinical trials comparing T4 with placebo or
nothing 350 subjects, duration 6-14 months

** No improvement of survival or cardiovascular morbidity

*» No improvement of quality-of-life or symptoms

“ Some improvement of lipids and left ventricular function

Cochrane Database Syst Rev 2007



National societies position on screening for thyroid disease

Society, year

Recommendation

ATA, 2012

ETA, 2013

USPSTF, 2015 and
updated 2019

Canadian TFPHC
LATS, 2013
SEMDSA, 2015

UK NSC, 2021

Specific groups for screening including adults at age

35 years and every 5 years thereafter

None

Not recommended

Not recommended
Not recommended
Not recommended

Not recommended




Prevalence of Subclinical Hyperthyroidism

“*The prevalence of endogenous SHyper varies considerably,
between 0.6 and 16%0, depending on diagnostic criteria and the
age and sex of the population studied, the TSH assay used, and

lodine intake.

**The prevalence of SHyper was 0.7% with a cutoff TSH value
of <0.1 mlU/I, and 1.8% with a cutoff TSH value of <0.4 mIU/I.

“*SHyper is a relatively frequent condition in iodine-deficient
regions, its prevalence being as high as 15% in subjects >70

years.

Biondi B, et al. Eur Thyroid J 2015;4:149-163



Potential cardiovascular risk of
long-term subclinical hyperthyroidism

Long-term untreated subclinical hyperthyroidism

TMean Blood 1 Cardiac
Pressure Workload
1 Heart Rate T Left Ventricular Mass
t Left Atrial Size Diastolic Dysfunction
T Cardiac T Oxygen
Arrhythmias Consumption

. 4

Increased Cardiovascular morbidity and mortality

Persistent Atrial Heart Failure



Recommendations for the Management of Subclinical hyperthyroidism
(adapted from 2016 ATA and 2011 AACE guidelines)

TSH 0.1-0.4 mIU/L

(Mild SCHyper)

TSH <0.1 mIU/L
(Severe SCHyper)

Aged <65y
Asymptomatic
Asymptomatic with risk factors
Symptomatic
Aged =65y
Asymptomatic
Asymptomatic with risk factors

Symptomatic

Monitor
Consider treating

Consider treating

Consider treating
Consider treating

Consider treating

Consider treating
Consider treating

Treat

Treat
Treat

Treat

Tsai K et al. Endocr Pract 2021; 27: 254-260
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Papillary Carcinoma

Poorly defined tumor with marked hypoechogenicity
and irregular margins and without a hyhpoechoic halo



Incidence of thyroid cancer by ultrasonographic
screening in selected populations

Pathologic  Pathologic  Pathologic
Ref. Subjects Subjects confirmed  confirmed  confirmed
no. cancer (%) cancer (%) cancer (%)
56 Kim Graves’ disease 245 2.9 3.0
57 Park Breast cancer 685 1.0 1.9
58 Choi Subjects for checkup 7491 1.1 0.6
59 Brander General population 253 0.4 0.0
60 Yun General population 1041 2.6 1.2

Azizi F et al. 2018; 43(2): 124-140



PTC: Screening of relatives

Ultrasonography screening of first-degree relatives (siblings)

of patients with apparently sporadic metacentric PTC

* The age for first ultrasound and the follow-up of subjects with

an initially negative examination remain undefined.

* The criteria for indication of FNAC and surgery (in cases of

nondiagnostic cytology) need to be better defined

Rosario PW. Thyroid 2012; 22: 805.



Calcitonin Screening

1. Highly sensitive tool for the presurgical diagnosis of

MTC , far more sensitive than cytology.

2. Allows earlier diagnosis of MTC than the classical

approach

3. Two recent independent reports—one from Europe
and the other from the U.S.— suggested that CT

screening iIs actually cost-effective

Costante & Filetti. Occologist 2011; 16: 49.



Screening for thyroid

dysfunction in

Pregnancy
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Targeted screening risk factors

A history of hypothyroidism/ typerthyrmdlsm or current
symptoms/5|gns of thyroid dysfunctio

Known thyroid antibody positivity or presence of a goiter
History of head or neck radiation or prior thyroid surgery
Age >30 years

Type 1 diabetes or other autoimmune disorders

History of pregnancy loss, preterm delivery, or infertility
Multiple prior pregnancies (= 2)

Family history of autoimmune thyroid disease or thyroid
dysfunction

Morbid obesity (BMI > 40 kg/m?)

Use of amiodarone or lithium, or recent administration of
lodinated radiologic contrast

. Residing Iin an area of known moderate to severe iodine

Insufficiency

2017 ATA Guidelines, Thyroid



ML 0 g i (5 L 1 Cand ol o
The first-line screening test used to

assess thyroid status In patients in

measurement of the TSH level

ATA Guidelines, Thyroid 2017; 27: 315
ACOG Practice bulletin; Obstet Gynecol 2020; e261



Recommendation 26
Pregnancy-specific TSH reference range :

* When avalilable, population and trimester-specific

reference ranges for serum TSH during pregnancy

» If internal or transferable pregnancy-specific TSH

reference ranges are not available, an upper reference limit

of ay be used.

ATA Guidelines, Thyroid 2017; 27: 315
ACOG Practice bulletin; Obstet Gynecol 2020; e261



Indications for treatment with levothyroxine during pregnancy

TPOAD Serum TSH LT4 therapy
muU/L
Positive
>10 Strongly recommended
4-10 Recommended
2.5-4 May be considered
<2.5 Not recommended
Negative
>10 Strongly recommended
4-10 Recommended

Velasco U & Taylor P. Europ J Endocrinol, 2018
Alexander EK, et al. Thyroid 2017 January 6
Cooper DS, et al. N Engl J Med 2017; 376; 876



Mother Placenta Fetus

—» Stimulate

» Block

—» Block

Spencer CA 2006



TSH receptor antibody (TRAD)
testing in hyperthyroidism

Early pregnancy: 1) Past hitory of GD treated with
radioiodine or surgery

A

Undetectable or low Elevated

} }

No further testing Retest of 18-22 wk
2) GD patients on ATD treatment

Midpregnancy: Continous ATD therapy:
TRAD at 18-22 WK

Third trimester: Elveated TRAb at 18-22 wk
and GD patients on ATD:
TRADb at 30-34 wk

2017 ATA Guidelines, Thyroid



Tertiary prevention of thyroid disease

1. Avoidance of 1atrogenic disease

» Thyroid hormone overdose

2. Pregnancy and thyroid dysfunction

3. Care of present disease to detect progression



Illustration of impact of thyroxine usage and drugrelated
subclinical hyperthyroidism on the development of atrial
fibrillation in individuals over age 60

Foiental Hazards of latrogenic
Thyrotoxicosisin Obkder Persons

610,000 | 22%)

46 millwan US citizens +
wath low TSH

over age 60 ‘

6% (2.8 mil ion)
on thyrooine

170,000 (28%)
may develop

atna | fionillation
over 10 ywears




Tertiary prevention

* Avoiding I1atrogenic disease, such as thyroid

hormone overdose.

From epidemiologic data it can be calculated
that approximately 100,00 elderly individuals In
Iran have I1atrogenic hyperthyroidism from
thyroid hormone overdose, putting them at risk

for atrial fibrillation and osteoporosis.



Cardiovascular safety

¢ A\ All-cause mortality is increased

Brandt F et al, Thyroid 2013; 23: 408-13.

“* A\ In cardiovascular outcomes with longer durations of suppressed serum
TSH
Boelaert K, Maisonneuve P, Torlinska B, Franklyn JA. J Clin Endocrinol Metab. 2013;98(5):1869e1882.
A Risk of mortality and substantial cardiovascular morbidity in

uncorrected hyperthyroidism

Lillevang-Johansen M, Abrahamsen B, Jgrgensen HL, Brix TH, Hegeds L. J Clinical Endocrin Metab 2017;102(7):2301-9.

s A\ All-cause mortality increases in patients with regimens not resulting in
hypothyroidism

Lillevang-Johansen M, Abrahamsen B, Jgrgensen HL, Brix TH, Hegedis L. Thyroid 2019;29(3):332-40.

*» Early and effective control of the disease is associated with better-

Improved survival

Okosieme OE, Taylor PN, Evans C, et al. Lancet Diabetes Endocrinol 2019;7(4):278e287.



Does levothyroxine monotherapy mimic the effects of endogenous thyroid hormones?

Levothyroxine replacement

«Impairment in psychological well-being

sLower resting energy expenditure

eLower serum T3:T4 ratio

*L_ower serum TSH

*Substantial risk of having suppressed serum TSH levels
*Higher body mass index

*Higher LDL, lower HDL

Saravanal P et al. Clin Endocrinol 2002; 57: 577 Gulld D et al. PIOs One 2011; 6: e22552
Azizi F et al. Int J Endocrinol Metab 2019; 17: e95385 Jonklass J et al. Europ Thyroid J 2021; 10: 10
McAninch EA et al. J Clin Endocrinol Metab 2018; 103: 4533



‘*Long-term antithyroid drug therapy for both Graves’
disease and toxic adenoma / toxic multinodular goiter is

preferred by most patients.

**This preference may reflect publications during the last
decade that suggest serious side effects from ATD occur

predominately during the first 6-9 months of therapy.

Or It may reflect patient preference to avoid radioiodine or

permanent hypothyroidism.

Ross DS. Meet the Professor Session, 901" ATA Congress, 2021



Save thyroid, do not ablate

low dose MMI treatment may be prescribed effectively, even
throughout the patients’ life for those with Graves’
hyperthyroidism who do not desire ablation treatment. Low
cost, safe and effective drugs are prescribed as lifelong
therapy for some specific diseases, such as epilepsy,
Inflammatory bowel disease and hypothyroidism and MMI
may be added to the list of lifelong drugs for control of

Graves’ hyperthyroidism.

Azizi F et al. BMC Endocrine Disorders 2021; 21: 16
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