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Overview of Thyroid Hormone Action
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Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090
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Overview of Thyroid Hormone Action – cellular level

Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090
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Resistance to Thyroid Hormone occurs at various levels in pathway of TH action

Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090
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Defective TH signalling
RTH Beta

Defective TH signalling
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Tissue specific expression of TH receptors  and  
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Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090



Resistance to Thyroid Hormone (RTH) 1



Diagnosis of RTH
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Hallmark TFT pattern:
High FT4
High FT3
Normal range TSH

Possible causes of this TFT pattern
1. Assay Interference (drugs, abnormal binding 

proteins, antibodies, displacement)
2. TSH secreting pituitary tumor
3. Resistance to Thyroid Hormone 

R
ed

u
ce

d
 F

ee
d

ba
ck



Investigate for assay interference

No assay interferenceAssay interference
present

TSH within reference range/elevated, AND: Raised  
(free) T4 & T3

RTH TSH-secreting tumor

Present (90%)
Affected 

family 
members

None

No lesion 
(incidentaloma in 10%)

Pituitary 
imaging

Obvious lesion

Mutation in 90%
THRB 

sequencing
No mutation 

Normal SHBG Elevated 

Normal -subunit May be elevated 

No response 
Trial of

long-acting 
SRL analogue 

Normalises T4 and T3 
levels

Exaggerated
TSH response 

to TRH
Blunted

Causes:
RTH

TSH-secreting pituitary tumor

Adapted from:  Moran C et al. Approach to patient. J Clin Endocrinol Metab  2024 PMID 37988295

Algorithm to work up raised T4 & T3, non suppressed TSH



No assay interference

TSH within reference range/elevated, AND: Raised  
(free) T4 & T3

RTH TSH-secreting tumor

Present (90%)
Affected 

family 
members

None

No lesion 
(incidentaloma in 10%)

Pituitary 
imaging

Obvious lesion

Mutation in 90%
THRB 

sequencing
No mutation 

Normal SHBG Elevated 

Normal -subunit May be elevated 

No response 
Trial of

long-acting 
SRL analogue 

Normalises T4 and T3 
levels

Exaggerated
TSH response 

to TRH
Blunted

Causes:
RTH

TSH-secreting pituitary tumor

Adapted from:  Moran C et al. Approach to patient. J Clin Endocrinol Metab  2024 PMID 37988295

Case – using the Algorithm

Roche 

TSH mU/L 5.2

0.27-4.2

FT4 pmol/L 33.9

12-22

FT3 pmol/L 9.5

3.1-6.8

Excluded Assay Interference

Parental TFTs normal

MRI pituitary reported normal

THRB – no mutation

SHBG 128nmol/L (10-180)

SU 1.52mU/L (<1)

TSH x 2 rise at 20 mins

FT4 fell from 41 to 16 pmol/L after 1 injection

Diagnosis: Occult Thyrotropinoma (TSHoma)

On review, microadenoma present

Successful surgery 



Resistance to Thyroid Hormone (RTH) 1



• Described 1967
• Frequency 1 in 19,000
• Mutation in THRB gene (Chr 3)
• Defective signaling through BETA form of TR

•  Missense mutations >>> frameshift, premature stop
•  Heterozygous>>>> Homozygous
• Mutations affect T3 Binding Domain 
• Autosomal Dominant (90%)/de novo

• Age at diagnosis variable
• Phenotype very variable

T3 Binding DomainDNA

Structure and expression pattern of Thyroid Hormone Receptor  

Liver, Kidney

Hypothalamus, Pituitary, 
cochlea, retina

TR

N-terminal 
domain

Refetoff, J Clin Endocrinol Metab 1967. PMID 4163616
Moran, Clin Endocrinol (Oxf) 2022. PMID 35999191

Moran, et al. DeGroot’s Endocrinology, 8th Edition. 2022

T3

TR

Resistance to Thyroid Hormone (RTH) 1



RTH resistance in HPT axis and liver 1
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Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090
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0

>80 patients with THRB mutations

Height FT4, FT3 elevation is very variable

RTH: Biochemistry reflects resistance to TH action in HPT axis
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RTH 

Thyrotoxic
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RTH Hepatic resistance to TH action 1

Chatterjee K, Moran C, unpublished

Matched for BMI, Age, Gender

Moran, J Clin Endocrinol Metab, 2021.  PMID 33524107 

SHBG concentrations LDL levels



Moran, J Clin Endocrinol Metab, 2021.  PMID 33524107 Matched for BMI, Age, Gender

Features of RTH: Dyslipidemia, ectopic fat and elevated HOMA-IR

RTH 
n27

RTH 
n59

LDL Cholesterol Intrahepatic Lipid HOMA-IR

1



RTH ”thyrotoxic” features in some tissues  1
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Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090



RTH: Growth, Bone Mineral Density1

RTH 
(n=58)

No RTH 
(n=57)

Age (yrs, mean) 7.7 6.9

Short stature 
(<5th centile)

16% 7%

Hgt centile 34th 51st 

Delayed Bone age 29% 5%

Low body weight 32% 7%

Brucker-Davis et al. Ann Intern Med. 1995

Childhood



Hypo 
(n20) 

p= 0.0001

p= 0.0009

Kahaly, J Clin Endocrinol Metab. 2002 PMID 117886
Mitchell, Clin Invest. 2010 PMID 20237409
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RTH: Retained cardiac and skeletal muscle sensitivity1

Heart Rate Resting Energy Expenditure

(n144) (n70) (n17)



1 Increased Mortality RTH𝛽

Linked Record Cohort Study
- Aled Rees & Buchi Okosieme, Cardiff 

Welsh cohort

55 patients RTH

2,750 age and sex matched controls

Okosieme, Lancet Diabetes Endocrinology 2023. PMID 37475119

HR 2.84

All-Cause Mortality



Increased Cardiovascular Risk in RTH𝛽

1Okosieme, Lancet Diabetes Endocrinology 2023
2Campi, Eur J Endocrinol 2024

Heart Failure Atrial Fibrillation MACE*

HR 6.35 HR 10.56 HR 3.49

Median age at first event 56 vs 67 years
Findings replicated in another cohort of RTH𝛽 patients2, Irene Campi & Luca Persani, Milan, Italy

Represents a major health burden for our patients
Will influence discussions re: monitoring & treatment

*MACE: Major Adverse Cardiovascular Events
CV death, acute MI, HF, CVA

1



RTH Summary: Mixed Thyroid Status 1
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Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090

Raised Metabolic Rate (A&C)
Failure to Thrive (C)

Delayed bone age (C)
Short stature (C)
Low BMD (A)

Also:
ENT infections (C)
Hearing impairment (A&C)

ADHD (A&C) 
Poor attention, concentration (A&C)
Reduced IQ(A&C) 
Anxiety (A&C) 
Hyperkinetic behaviour (A&C)

Palpitations (A&C) 
Arrhythmia (A&C), more likely in adults
Cardiac Failure (A&C), more likely in adults

A indicates a feature seen in adults
C indicates a feature seen in children 

High FT4
High FT3
Normal TSH

Goitre

Dyslipidaemia
Hepatic fat
Non raised SHBG 



RTH: Monitoring1

Method/Test Frequency 

Clinical

Symptoms (cardiovascular, ADHD, anxiety, ENT infections, 
fracture history)

Exam (weight, height, BMI, BP, goitre, cardiovascular, kyphosis)
Growth, school performance, hearing, behaviour

Annual

Biochemical 
TSH, FT4, FT3, TPO

Fasting glucose, lipid profile, HBA1c 
Annual

Radiological
DXA

Bone age
U/S thyroid

Every 2-5 years 
Every 1-3 years

As indicated

Cardiovascular 
ECG

Holter (and in children if symptoms)
Echocardiogram (and in children if symptoms)

Annual 
Every 1-2 years
Every 2-3 years

Others

Audiogram
ADHD testing

Cardiology consultation request
Offer first degree relative screening 

If indicated
If indicated 
If indicated 
If desired

Moran C, personal practice 

Both Children and adults
Adults only 
Children only
(plus additional testing if severe mutation)

Persani, et al. 2024 ETA Guidelines on diagnosis and management of Genetic Disorders of 
Thyroid Hormone Transport, Metabolism and Action. Eur Thyroid J, 2024. PMID 38963712



Difficult; variable resistance means it is impossible to achieve euthyroidism in all tissues

No randomised controlled trials 

Recommendations1 based on case reports, case series, expert opinion 

RTH: Treatment Options1

Consensus opinion1 that
• Thyroidectomy and RAI should be avoided, unless life threatening features of RTH

Most children/adults do not require 
specific TH lowering treatments

Persani, et al. 2024 ETA Guidelines on diagnosis and management of Genetic Disorders of 
Thyroid Hormone Transport, Metabolism and Action. Eur Thyroid J, 2024. PMID 38963712
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TSH

Liver

Palpitations
Arrhythmia

Heart

𝛼>𝛽
𝛽>𝛼

𝛽>𝛼

High FT4
High FT3
Normal range TSH Goitre

70%

Beta blockers

Very elevated TSH levels
! Pituitary Hyperplasia
! Goitrogenesis
! Overcome “block” on gland to cause worsening TT

Methimazole/RAI/Surgery 

RTH: Traditional Treatment options available are not ideal 

Figure adapted from Moran C. 
Best Pract Res Clin Endocrinol  Metab. 2015. PMID 26303090

1



T4T3

TRH

TSH

𝛼>𝛽

𝛽>𝛼

𝛽>𝛼

Bracco, J Clin Endocrinol Metab 1993
Takeda, J Clin Endocr Metab 1995
Messier, Mol Cell Endocrinol 2001

Groenweg, J Endocrinol 2017
Moran, J Endocr Soc 2017

Groenweg, Lancet Diabetes Endocrinol 2019
Liao, Meima, Visser, Erasmus MC, ETA Oral Abstract 2024

TRIAC*

RTH: Treatment is challenging 

Triac  
• naturally occurring TH analogue, available in tablet form
• preferentially activates TR weak peripheral effects 
• reduces TSH, thus reduces T4 and T3 
• activates some mutant TR 

• safe and effective in another form of RTH (MCT8 deficiency)
• described in case series of RTH

Persani, et al. 2024 ETA Guidelines on diagnosis and management of 
Genetic Disorders of Thyroid Hormone Transport, Metabolism and Action. Eur Thyroid J, 2024

*Also called:
Tiratricol
Triiodothyroacetic acid

1



RTH: Literature Summary of Triac Use 1

Multiple References, available on request 
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RTH: Literature Summary of Triac Use 1
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Resistance to Thyroid Hormone (RTH) 2



Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090
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Resistance to Thyroid Hormone (RTH) 

• Described 2012
• Defective signaling through ALPHA form of TR
• Mutation in THRA (Chr 17)

• Frequency unknown; >90 patients known worldwide
• >30 different heterozygous mutations
• frameshift, premature stop, missense
• Mutations affect T3 Binding Domain 
• Autosomal Dominant/de novo

• Most often diagnosed in childhood
• Severity of the phenotype is highly variable
• Almost certainly highly underdiagnosed

DNA

T3 Binding DomainDNA

Structure and expression of Thyroid Hormone Receptor 

Brain, heart, skeletal muscle, bone

TR

N-terminal 
domain

Moran, et al. DeGroot’s Endocrinology, 8th Edition, 2022

T3

TR

2



RTH Tissue-specific resistance 2
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Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090



RTH Cases

Bochukova, N Engl J Med. 
2012 PMID 22168587
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Moran, J Clin Endocr Metab. 
2013 PMID 23940126
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Moran, Lancet Diabetes Endocrinol. 2014 PMID 24969835 

Moran, Thyroid. 2017. PMID 28471274 
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2

Common presenting features:
Developmental delay, short stature, constipation (many have macrocephaly)
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Van Mullem, N Engl J Med. 2012. 
PMID 22494134
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Bochukova, N Engl J Med. 2012. PMID 22168587
Van Mullem, N Engl J Med. 2012. PMID 22494134

Tylki-Szymanska, J Med Genetics. 2015. PMID 25670821

+9 SDS

+5 SDS

2 RTH Cases

E403X

2 2 15 2.5

E403K

182 2 7

C392X

18

P398R

5 5

6 641.5

52 5

182 2 7

18

Common facial  features

Demir, J Clin Endocrinol Metab. 2016 PMID 27144938

C380fs

R384H

A263S



Krieger, Proc Natl Acad Sci USA. 2019. PMID 31628250

• Delayed developmental milestones

• Reduced IQ

RTH Neurological features & Imaging2

9yrs

Widespread increased diffusivity 
(abnormally low restriction of water diffusion)

Adult

1 yr 6 yr 18 yr

Progressive Cerebellar involution

Microencephaly Abnormal tractography

• Slow, dysarthric speech

• Slow initiation of movement, ataxic gait

• Fine & Gross Motor incoordination 
(Dyspraxia)

• Seizures

• ADHD

E403X

E403X



Also Delayed Bone age;  
at 6.3 yrs, bone age 2.9 yrs Bochukova, N Engl J Med. 2012, PMID 22168587

RTH Skeletal features2

Poor Growth Sub-ischial leg lengthE403X



RTH Summary of Features

Muscle

Bone

CNS

T4T3

Hypothalamus

Pituitary
thyrotrophs

Thyroid
gland

TRH

TSH

𝛼>𝛽

𝛼>𝛽

𝛼>𝛽

𝛼>𝛽
𝛽 >𝛼

𝛽 >𝛼

Sensitive pathway

Resistant pathway

Bone

CNS

Skeletal Dysplasia (C)
High BMD (A)
Increased Head circumference

Developmental Delay
Dyspraxia
Reduced IQ
Seizures
Dysarthria

Also:
Anaemia

Constipation
Facial features
Macroglossia
Raised CK

Low Metabolic Rate/REE
Obesity

Adapted from: Moran C. Best Pract Res Clin Endocrinol Metab. 2015. PMID 26303090

2

A indicates a feature seen in adults
C indicates a feature seen in children 



RTH Diagnosis 
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n27, confirmed RTH due to pathogenic THRA mutation, cases referred

Reference
Interval

FT3 FT4 TSH

Moran, Lyons, Chatterjee, unpublished data

Diagnosis - identification of pathogenic mutation in THRA 
Suspect if clinical features. At present, often identified after whole exome sequencing



https://www.youtube.com/watch?v=OONvM0CX03I

L400Tfs*7 
UK

RTH Diagnosis 2

L400Tfs*7 
Australia

Images shown with permission



WES/WGS 

?Probability Score

RTH𝛼 Diagnosis: The future?

Clinical features 
Conventional markers 
  ➞TFTs, rT3, CK, Hgb
Face 2 gene ?
Radiology features ?
New biomarkers ?

THRA sequencing

Consider alternate
diagnosis

Known pathogenic variant

Variant of uncertain 
significance (VUS)

Gene “panel”

Known pathogenic variant

Variant of uncertain 
significance (VUS)

Diagnosis confirmed Work up of VUS

2



RTH𝛼: Determining pathogenicity of THRA variants
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Structural modelling & 
Comparison with known pathological TR variants

Standard techniques
Minor allele frequency 
Type of mutation (Fs, Ter, vs single Aa change)
Prediction tools
Segregation with phenotype within families

Cell based assays

Expression of 
TH 
target genes 
ex vivo

M Agostini, Chatterjee, Cambridge
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Summary: Syndromes of Resistance to Thyroid Hormone

Disorder RTHβ RTHα
MCT8

transporter defect

Selenoprotein

deficiency

Frequency 1 in 19,000 Unknown* 1 in 70,000 <20 cases worldwide

FT4 Raised Normal/low Normal /Low Raised

FT3 Raised Raised Raised Normal/low

TSH Normal Normal Normal Normal

rT3 Raised Low Low Raised

SHBG Normal Raised Raised Normal

Clinical 

Features

Goitre, tachycardia, 
Dyslipidaemia, low BMD, 

may be asymptomatic

Growth retardation, 
constipation, 

developmental delay, 

Increased HC, anaemia, 
Raised CK, Dyspraxia, 

obesity

Mental &

psychomotor retardation 

(most are male), 
hypermetabolic

Growth retardation, 

hearing loss, male 
infertility, muscle 

weakness, 
photosensitivity

Treatment

Nil 

Beta blockers

TRIAC

In extremis – surgery/RAI

MDT care

Thyroxine

MDT care

TRIAC

PTU and LT4 

MDT care

?T3

?Antioxidants

* Estimated to be similar to RTH
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Resources 
Monogenic Thyroid Disorders
Moran C, Schoenmakers N, Visser WE, Schoenmakers E, Agostini M, 
Chatterjee VKK. 
Clinical Endocrinology, 2022 
 
Approach to the patient: Hyperthyroxinaemia, nonsuppressed TSH
Moran C, Schoenmakers N, Halsall D, Lyons G, Oddy S, Gurnell M, Chatterjee VKK
JCEM, 2024

2024 ETA Guidelines on diagnosis and management of genetic 
disorders of thyroid hormone transport, metabolism and action. 
Persani L, Rodien P, Moran C, Visser WE, Groenweg S, Peeters R, 
Refetoff S, Gurnell M, Beck-Peccoz P, Chatterjee K. 2024 

Patient resources on Rare Thyroid diseases
Freely accessible by all 
RTH, TSHoma, MCT8 deficiency 
Videos, Webinars, Patient Information Leaflets

https://www.btf-thyroid.org/rare-thyroid-disorders

carla.moran@ucd.ie

mailto:carla.moran@ucd.ie
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