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Mayor Topics

ÅBrief Review of Thyroid Hormones Synthesis/ Actions

ÅThyroid Hormone Related Cholesterol SynthesisAlterations

ÅAssociated important direct systemic effects

ÅTreatment : Beyond Levothyroxine replacement



Hypothyroidism Prevalence

ÅUSA

ÅOH: 0.1-2.0%

ÅSCH: 4-10%

ÅWomen 8x >> Men

ÅDyslipidemia + 
HypoThyroidsm

ÅUp to 14%

ÅWhile Overt HypoT

Å>90% have
dyslipidemia

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



Hypothyroidsm and Dyslipidemia

ÅCoronaryArtery Diseaseand Hypothyroidsm Relationship
described 1967

ÅNo TSH or free T4 available

Å194 subjects died of MI, of whom 1/3 males and half women
had obesity, DM and HBP

ÅOf those above 20% males and ~50% women had CLT 

ÅCLT also 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
ÅType IIa (hypercholesterolemia) 
ð56 %

ÅType IIb (hypercholesterolemia and 
hypertriglyceridemia ) ð34 %

ÅType IV (hypertriglyceridemia ) ð
1.5 %

ÅNo abnormality ð8.5 %

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



Thyroid Hormone Activity



Thyroid Hormone Activity



OVERVIEW OF CHOLESTEROL SYNTHESIS



Main Cholesterol Particles



Exogenous/ EndogenousPathways



Effects of Thyroid Hormone at the Hepatocyte

ÅLipolysisĄ Increase FFA

ÅStimulates De novo lipogenesis

ÅRegulates SREBP1C, LXRs, 
ChREBP

ÅEnhances glucose conversion 
to FFA to Tgõsand B oxidation 
of Tgõs

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



Inhibition of SREBP by T3 defficiency

NET EFFECTIS INHIBITION OF SREBP1 Ą DECREASED INTRAHEPATICCHOLESTEROL 

SYNTHESIS AND DECREASED LDL-R EXPRESION



Reverse Cholesterol Transport Pathway

ÅProcessby which HDL takes
cholesterol back to liver

ÅTH induces SRBP1, apo-A1 and
SRBEP2 expression

ÅUpregulates ABCG8/5 for
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

ÅDecreasesC7aOH enzyme
activity Ą
ÅDecreaseBile Acids secretion from

liver Ą

Å Increased Intrahepatic fatty 
infiltration

ÅDecreasesSRB1 Ą
ÅHDL non functional in RCT 

pathway

Å Increased HDL3 subfraction

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



Apo B100 and Thyroid Hormone

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

ÅVariable response due to 
other factors in humans

ÅNot entirely clear how is 
hepatic FFAõs uptake in 
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

Lipophagyð
process of delivery 
of triacylglycerols 
to lysosomes for 
degradation and 
hydrolysis to FFAõs

Thyroid hormone by 
means of THRB, 

increases available 
autophagosomes

and lysosomesfor 
this process

TH induces 
mitochondrial FFõs

oxidation

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? 

ÅDecrease activity of various lipases:

ÅCEPT (cholesterol ester transfer protein)

ÅVLDL+HLD Ą IDL

ÅHeptic Lipase

ÅRegulates hydrolysis of HDL2 to HDL3

ÅLipoprotein Lipase

ÅCatabolizes 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 





AGE, LIPID METABOLISM, AND THE THYROID

ÅAs age advances, decline in thyroid function test may be 
apparent

ÅPhysiological vs pathologycal
ÅDegree of TSH elevation , TPOAB titers

ÅThyroid disfunction has been associated with metabolic
syndrome and increased CVD risk

MengZhao, 2015: Subclinical Hypothyroidism Might Worsen the Effects of Aging on Serum Lipid Profiles: A 

Population-Based Case-Control Study



AGE, LIPID METABOLISM, AND THE THYROID


