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Mayor Topics

• Brief Review of Thyroid Hormones Synthesis/Actions

• Thyroid Hormone Related Cholesterol Synthesis Alterations

• Associated important direct systemic effects

• Treatment: Beyond Levothyroxine replacement



Hypothyroidism Prevalence

• USA

• OH: 0.1-2.0%

• SCH: 4-10%

• Women 8x >> Men

• Dyslipidemia + 
HypoThyroidsm

• Up to 14%

• While Overt HypoT

• >90% have
dyslipidemia

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



Hypothyroidsm and Dyslipidemia

• Coronary Artery Disease and Hypothyroidsm Relationship
described 1967

• No TSH or free T4 available

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

• Of those above 20% males and ~50% women had CLT 

• CLT 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
• Type IIa (hypercholesterolemia) 

– 56 %

• Type IIb (hypercholesterolemia and 
hypertriglyceridemia) – 34 %

• Type IV (hypertriglyceridemia) –
1.5 %

• No abnormality – 8.5 %

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/Endogenous Pathways



Effects of Thyroid Hormone at the Hepatocyte

• Lipolysis → Increase FFA

• Stimulates De novo lipogenesis

• Regulates SREBP1C, LXRs, 
ChREBP

• Enhances glucose conversion 
to FFA to Tg’s and B oxidation 
of Tg’s

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



Inhibition of SREBP by T3 defficiency

NET EFFECT IS INHIBITION OF SREBP1 → DECREASED INTRAHEPATIC CHOLESTEROL 

SYNTHESIS AND DECREASED LDL-R EXPRESION



Reverse Cholesterol Transport Pathway

• Process by which HDL takes
cholesterol back to liver

• TH induces SRBP1, apo-A1 and
SRBEP2 expression

• Upregulates 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

• Decreases C7aOH enzyme
activity →

• Decrease Bile Acids secretion from
liver →

• Increased Intrahepatic fatty 
infiltration

• Decreases SRB1 →
• HDL non functional in RCT 

pathway

• Increased HDL3 subfraction

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



Apo B100 and Thyroid Hormone

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

• Variable response due to 
other factors in humans

• Not entirely clear how is 
hepatic FFA’s 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

Lipophagy –
process of delivery 
of triacylglycerols 
to lysosomes for 
degradation and 

hydrolysis to FFA’s

Thyroid hormone by 
means of THRB, 

increases available 
autophagosomes
and lysosomes for 

this process

TH induces 
mitochondrial FF’s

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? 

• Decrease activity of various lipases:

• CEPT (cholesterol ester transfer protein)

• VLDL+HLD → IDL

• Heptic Lipase

• Regulates hydrolysis of HDL2 to HDL3

• Lipoprotein Lipase

• 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 





AGE, LIPID METABOLISM, AND THE THYROID

• As age advances, decline in thyroid function test may be 
apparent

• Physiological vs pathologycal
• Degree of TSH elevation, TPOAB titers

• Thyroid disfunction has been associated with metabolic
syndrome and increased CVD risk

Meng Zhao, 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



AGE, LIPID METABOLISM, AND THE THYROID

Tognini S, Thyroid. 2012: Age and gender substantially influence the relationship between thyroid status and the lipoprotein profile: results from a large cross-sectional study



AGE, LIPID METABOLISM, AND THE THYROID

Tognini S, Thyroid. 2012: Age and gender substantially influence the relationship between thyroid status and the lipoprotein profile: results from a large cross-sectional study



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



Systemic complications of altered lipid
metabolism



Non-Alcoholic Fatty Liver Disease

• Global epidemic with an incidence of ~30%

• Considered to be part of Metabolic Syndrome

• Subtle progress from hepatosteatosis to NASH

• If left untreated may lead to cirhosis and/or hepatocellulr
carcinoma

• NAFLD is the most common cause for liver transplantation in 
the USA

• Higher NAFLD prevalence associated with low T4 states







NAFLD and Thyroid Hormone possible pathways

Abnormal lipid
metabolism

Increased TSH might
promote lipogenesis in 

the liver

Decreased TH 
concentration and

signaling

Decreased expression 
and activity of 

intrahepatic DIO1



Metabolic syndrome



Metabolic Syndrome and Thyroid Hormone

ODD ratio of 2.3 if TSH >10

•At the MJ Health Screening

database was noted:

•94,434 patients

•MetS were at 21 % excess risk of

developing SCH

•After 4.2 years, an increased

risk of SCH was associated with

high serum triglycerides

Chia-Hsuin Chang, 2017: Metabolic syndrome is associated with an increased incidence of subclinical hypothyroidism – A Cohort Study



Increased Cardiovascular Risk and Thyroid Hormone Defficiency

• Increased prevalence of NAFLD

• Increased prevalence of MetS

• Atherogenic Dyslipidemia
• High LDL-C & TG’s, low HDL, High

Non-HDL-C

• Increased RLP-TG

• Increased homocysteine levels











TREATMENT: BEYOND LT4 REPLACEMENT



• TH have proven to
reduce TC, LDL-C, 
TG’s when replaced

• Although not proven
to lower CVD risk as 
statins





• United Kindome General 
Practitioner Research
data base

• TSH 5-10 mIU/L and 
normal thyroxine

• 2 groups
• A: 40-70 y/o

• B: >70 y/o

Conclussion:

Younger individuals had
fever IHD events in the
tx arm

P: 0.2

P: 0.56

Young:

68/1634 vs

97/1459 events

tx vs no tx

Old:

104/819 vs

88/823 events

tx vs no tx

Salman Razvi, 2012: Levothyroxine Treatment of Subclinical

Hypothyroidism, Fatal and Nonfatal Cardiovascular Events, and

Mortality





• Section 4.4.4.2
• Group: Young adults (20 to 39 years of age)

“Secondary causes of elevated cholesterol—hypothyroidism (TSH), 
obstructive liver disease (liver panel), renal disease and nephrosis
(creatinine and urine analysis) as well as dietary and medication 
history—should be addressed appropriately” 

• Coexisting factors that may potentiate Statin induced sidde effects:
• DM, vitamin D deficiency, renal/liver disease, drug-drug interactions, female

• Undiagnosed Hypothyroidism



TH induced cholesterol reduction

Mayo Clinic 1993

268 patients with primary hypoT and 27 with secondary hypothyrodism

Treatment with Lt4 significantly reduced TC and LDL



• Ahterogenic Particles
Decrease as Well

• 27 patients with PTC who
underwent TT + RAIU

• Time 1 at the day of sx

• Time 2 before RAI tx (overt
hypo)

• Time 3, 12 weeks on LT4 tx







• 48 woman from Poland

• Subclinical hypo treated and not treated

• Atorvastatin 20 mg daily x 12 weeks





Thyromimetics/Analogs

• GC-1 (Sobetirome)
• Selectie THR-B1 agonist – same clinical activity as T3

• Stimulates steps of the reverse cholesterol transport

• Prevents and reverses hepatosteatosis in rat fed a diet
that induced NASH

• Reduced liver weight, serum triglycerides

• Decreased lipoperoxidation and liver injury, efect noted
by reduced ALT/AST

• Phase I study in humans

• 2 weeks treatment reduced LDL-C by up to 41%



• Eprotirome
• THR-B specific analoge

• Placebo vs Eprotirome
at a dose of 25, 50, or 
100 μg daily to statin

• LDL mean reduction 
from baseline, 7%, 22%, 
28%, and 32%



Future Area of Research



Take Home Message

• Thyroid hormone defficiency on lipid metabolism may cause:

• Increased TC, LDL-C; +/- HDL/TG’s

• Decrease LDL-R quantity/activity, LCAT/CEPT, LPL/HL activity

• Decrease bile acids flow

• Thyroid hormone replacement will

• Improve TC, LDL-C, +/- TG

• More important improves RLP-C, RLP-TG’s



Muchas Gracias por su Atención!


