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Mayor Topics

A Brief Review of Thyroid Hormones Synthesig Actions
A Thyroid Hormone Related Cholesterol SynthesisAlterations
A Associatedimportant direct systemic effects

A Treatment : Beyond Levothyroxine replacement



Hypothyroidism Prevalence

A USA
A OH: 0.1-2.0%
A SCH: 410%
A Women 8x >> Men

A Dyslipidemia +
HypoThyroidsm

A Upto 14%

Prevalence of hypothyroidism (3)
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Fig. 2 | Map of overt hypothyroidism prevalence (selective populations used when representative data not “
available). World map showing global prevalence of hypothyroidism based on epidemiological samples. If multiple A Wh I I e Ove rt H yp OT
studies have been done on the prevalence of hypothyroidism from one country, the median value was calculated. The

deeper the shade of blue, the higher the prevalence of hyperthyroidism. Countries in white represent no data available.
This figure was created using Tableau software version 10.3. > 9 O (yOh ave

Taylor et al, 2018: Global epidemiology of hyperthyroidism and hypothyroidism



Hypothyroidsm and Dyslipidemia

A Coronary Artery Diseaseand Hypothyroidsm Relationship
described 1967

A No TSHor free T4 available

A 194 subjects died of MI, of whom 1/3 males and half women
had obesity, DM and HBP

A Of those above 20% malesand ~50%women had CLT

A CLTalso noted on those with MI and no obesity, hbp or
diabetes

CLT: Chronic Lymphocytic Thyroiditis
O'Brien T, Mayo Clin Proc. 1993, Hyperlipidemia in patients with primary and secondary hypothyroidism



Phenothype of Dyslipidemia in Hypothyroidsm

Frederickson Classification
A Type lla (hypercholesterolemia)
856 %

A Type IIb (hypercholesterolemia and
hypertriglyceridemia ) 834 %

A Type IV (hypertriglyceridemia ) &
1.5%

A No abnormality 8.5 %
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Left: Brent, MD., The Molecular Basis of Thyroid Hormone Action
Right: O'Brien T, Mayo Clin Proc. 1993, Hyperlipidemia in patients with primary and secondary hypothyroidism
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Genomic Actions
- T3 interacts with its nuclear receptors to regulate gene activity

« T3 binds to a specific nuclear thyroid hormone receptor (TR), which
in turns bind to DNA at specific sequences called thyroid hormone
response elements (TREs )

- T3 has a 15-fold higher binding affinity for TRs than T4

* There are tissue-specific preferences in expression of the various TRs
(difference expression in hypothalamus vs kidney, liver, brain and

TR
isoforms

Predominant
Distribution

Heart, skeletal
muscles, brain

Brain, liver,

Hypothalamus,
pituitary,
retinal cone
photoreceptors,
cochlea

Proposed role

Cardiac stimulation with increase in
metabolic rate due to increase in heart
rate and force of contraction

Normal brain development

Increased LDL and cholesterol clearance
Increase in basal metabolic rate
Negative feedback for TSH secretion




Thyroid Hormone Activity

Thyroid hormone-mediated changes in cardiac output

Tissue thermogenesis Systemic vascular resistance
~ Hyper / Hypo (1500-1700 dyn/sec/cm™
Cholesterol synthesis 15 to 20 58 Hyper / Hypo
T Cholesterol reabsorption from plasma PEsEent Percent 700 t0 1200 2100 to 2700
T Conversion cholesterol to bile acids
T Fat oxidation/synthesis
T Gluconeogenesis

/ Diastolic blood pressure
/ Hyper / Hypo

N/ oot
Changes in .
pulmonary T3

Pl pressure

1 TSH production B \4 s

T Growth hormone Changes in Renin-Angiotensin-
¥ preload 3 Aldosterone axis

Protein catabolism ; :

Glucose utilization Cardiac output <——— Cardiac <— Afterload

Fat oxidation (4 to & Limin) chronotropy and inotropy Hyper / Hypo
Hyper / Hypo (72 to 84 beats/min) T
=z i Hyper / Hypo

= - HR 88 to 130 HR 60 to 80
I Growth and maturation -
Resorption : oid hormone on cardiovascular hemodynamics. T3 affe issue thermogenesis,

vascular resistance, blood volume, cardiac contractility, heart rate, and cardiac output
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T4: thyroxine.
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OVERVIEW OF CHOLESTEROL SYNTHESIS




Main Cholesterol Particles

Chylomicrons, B-48 (A-I, C-11, C-1II, and E) Delivers TG & Chol (intestinal

Chylo-remnants or exog. path)

VLDL, IDL B-100 (C-11, C-11I, E) Delivers TG & Chol
(endogenous path)

Delivers Chol (endogenous

path)

B-100, apo (a) Delivers Chol (endogenous
path)
A-L A-IT (C-11, C-1I1, E) RCT; Anti-athero;



Exogenous$ EndogenousPathways

Dietary fat, cholesterol

rerol _"_'__'*J'-n-mdn.q#
APO BIE r»:v:xr-v I i Prosgiolgid (PL)

REMMNANT et B Proton
INTESTINE SR S el //_‘ L . Geratic Daorder
Type Il B L ki
Hyperbpidamia % Ve

“Eg sy = Elevated
L ’ APO()™™) ota)
ABCGS,

| @ Cholestoryl esher (GE)

B10Q

|

APC{a)

LP(a)

E é
'MTGL FamWZl Detective

. f ApoB100,
HDL levels Hy pobeetnlip opd aleinemia

The Matabolic
Syndrome

i1

ABCA1 CO36 APQ BIE receptor

tranzpoter
I The Famillal

Tangksr Diseass Maotabolic Syndrome  Hypercholesterolemia

PERIPHERAL TISSUES




Effects of Thyroid Hormone at the Hepatocyte

A Lipolysis A Increase FFA
A Stimulates De novo lipogenesis

A Regulates SREBP1C, LXRs,
ChREBP

A Enhances glucose conversion
to FFAto T g arsl B oxidation
of Tgos

Rohit A. Sinha 2018: Direct effects of thyroid hormones on hepatic lipid metabolism



Inhibition of SREBP by Talefficiency
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Reverse Cholesterol Transport Pathway

A Processby which HDLtakes
cholesterol back to liver

Acetyl-CoA

FFA
°°$ « Hmger

&% | A TH induces SRBP1apo-Al and

Hepatocyte

T Cholesterol (VLDL) W SRBEPEXpI’eSSIOn

T miR181d

T Bile acid

A Upregulates ABCGS8/5for
Increased bile acid secretion
out of liver

Rohit A. Sinha 2018: Direct effects of thyroid hormones on hepatic lipid metabolism



Reverse Cholesterol Transport Pathway:
Lack of Thyroid Hormone

A DecreasesC7aOHenzyme

activity A
A DecreaseBile Acids secretion from
(Reeicad liver A
FFA =
b | — A Increased Intrahepatic fatty
s infiltration
T Cholesterol (VLDL)
s Cdx2 T miR181d W CYp7a1
I\-\\ - T Bile acid x
/i ix A DecreasesSRBI1A
B LDLR

A HDL non functional in RCT
pathway

A Increased HDL3 subfraction

Rohit A. Sinha 2018: Direct effects of thyroid hormones on hepatic lipid metabolism




Apo B100 and Thyroid Hormone

A Thyroid Hormone reduce
apolipoprotein B100,
which decreases VLDL and
LDL in rats

A Variable response due to
other factors in humans

A Not entirely clear how is
fEemnEe e FFAOS upt ake |
humans under TH
defficiency

Rohit A. Sinha 2018: Direct effects of thyroid hormones on hepatic lipid metabolism
Leonidas H. Duntas, 2018: A Renewed Focus on the Association Between Thyroid Hormones and Lipid Metabolism



Intrahepatic Fatty Acids Metabolism

Lipophagy & Thyroid hormone by
process of delivery means of THRB,

) . : TH induces
of triacylglycerols Increases available

mitochondrial F F 0
oxidation

to lysosomes for autophagosomes
degradation and and lysosomesfor
hydr ol ysi this process

Rohit A. Sinha 2018: Direct effects of thyroid hormones on hepatic lipid metabolism
Leonidas H. Duntas, 2018: A Renewed Focus on the Association Between Thyroid Hormones and Lipid Metabolism



Why LDL-C is not extremly high?

A Decrease activity of various lipases:

A CEPT (cholesterol ester transfer protein)
A VLDL+HLDA IDL
A Heptic Lipase
A Regulates hydrolysis of HDL2 to HDL3
A Lipoprotein Lipase
A Catabolizes serum triglycerides

Rohit A. Sinha 2018: Direct effects of thyroid hormones on hepatic lipid metabolism
Leonidas H. Duntas, 2018: A Renewed Focus on the Association Between Thyroid Hormones and Lipid Metabolism



T4 The way thyroid hormones
l@ modulate lipid metabolism by
e variety of ways-hypothyroidism

IDL
CETP | T4 = QTP

HDL
T4 TE-Q e 4 | e 6 EE

VLDL

HDL; CETP =
LOL @ Ox-LDL
LDL I
Receptor
L v

Peripheral tissue Macrophage

Liberopoulos EN. Hormones 2002, 1{14): 218-223



AGE, LIPID METABOLISM, AND THE THYROID

A Asage advances decline in thyroid function test may be
apparent

A Physiological vs pathologycal
A Degree of TSHelevation, TPOABtiters

A Thyroid disfunction has been associated with metabolic
syndrome and increased CVDrisk

Meng Zhao, 2015: Subclinical Hypothyroidism Might Worsen the Effects of Aging on Serum Lipid Profiles: A
Population-Based CaseControl Study



AGE, LIPID METABOLISM, AND THE THYROID




