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Thyroid Function Tests
(Interpretation Challenges)

M Reza Bakhtiari, DCLS, PhD
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Challenging TFTs 

1. Discordant Results vs. Clinical Picture

2. Inharmonious Results

Definition:
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Challenging TFTs Results
(A Systematic Approach)

Revisit Clinical Context & Medications

Screen for Laboratory Artifacts

Consider Rare Cases
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Clinical Considerations



12/84

Goiters

1. Eu-thyroid Goiter

2. Hypo-thyroid Goiter

3. Hyper-thyroid (Toxic) Goiter
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Thyroid Scan
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Symptoms & Signs of Thyroid Disease
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Arq Bras Endocrinol Metab vol.57 no.3 São Paulo Apr. 2013

http://dx.doi.org/10.1590/S0004-27302013000300006

Symptoms & Signs of Hyperthyroidism



16/84

Proper Test Utilization

1. T3, T4

2. T3, T4, TSH

3. T3, T4, T3UP, FTI

4. TSH, Free T4

5. TSH, Free T4, Free T3

6. Anti TPO, Tg, Anti tg

• T4, T3U

• TSH, Free T4

• Anti TPO

• T3


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T3 (FT3) Indications

Clin Biochem Rev Vol 24 November 2003

Indications for Measurement
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T4

Low Normal High

T3

Low

•Severe hypothyroidism.

•TBG deficiency. #

•Severe nonthyroidal illness.

•Euthyroid hypothyroxinemia

•NTI

•Medications.

•Fetus.

•Restricted nutrition.

•Hyperthyroidism with severe NTI

•Amiodarone.

Normal

•Iodine deficiency.

•T3 treatment.

•Hypothyroidism.

•T4 treatment.

•Euthyroid hyper- thyroxinemia.

•Hyperthyroidism with

nonthyroidal illness.

•T4 binding autoantibodies.

High

•Iodine deficiency

•T3 treatment

•Antithyroid drugs

•T3 toxicosis

•T3 binding Auto Abs

•Hyperthyroidism.

•Excess T4 ingestion

•Hormone resistance.

•TBG excess #

* Excludes short term changes related to initiation or cessation of therapy

# Effect on total hormone concentration; free hormone concentration remains normal.

http://www.thyroidmanager.org/chapter/clinical-strategies-in-the-testing-of-thyroid-function/

Relationship Between T4 and T3
(Various Disorders)*
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HPT axis physiology

Sensitive Sensor:

• Log-linear relationship between TSH and FT4

• Patient Specific Set Point
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ASSESSMENT of CLINICAL SIGNIFICANCE of RESULTS
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• Inter individual Variation:   High 32%

• Intra individual Variation:   Moderate 20%

– Serial determination in a person: ∆ 0.75 mIU/L

• A wide population-based RI

TSH Biological Variations



22/84

TSH Diurnal Rhythm

Be Careful in Serial Evaluations
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TSH Reference Interval

J Clin Endocrinol Metab 90: 5483–5488, 2005)

1.Age

2.Gender

3.BMI

4.Ethnicity

5.Smoking Status

6.I2 Intake

7.Subclinical States

8.Various Isoforms
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Pregnancy Induced TFTs Changes 
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TSH (mIU/L): 

1st Trimester: 0.1 – 2.5 0.2 - 3.9

2nd Trimester: 0.2 – 3.0 0.5 - 4.1

3rd Trimester: 0.3 – 3.0 0.6 - 4.1

TT4 & TT3:

Adult RI * 1.5

TFTs Reference Intervals in Pregnancy 

American Thyroid A. Iran Endocrine Society
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Changes of TFTs after Birth

THYROID FUNCTION TESTING, Springer, 2010
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Age Specific RI: for >70 years up to 6.0

Aging and TSH Reference Interval
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TFTs Reference Intervals
(infants, children and adults)

THYROID FUNCTION TESTING, Springer, 2010
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Non Thyroidal Illness (NTI)
(Euthyroid Sick Syndrome)

Some Examples

• Gastrointestinal diseases

• Pulmonary diseases

• Cardiovascular diseases

• Renal diseases

• Infiltrative and metabolic disorders

• Inflammatory conditions

• Myocardial infarction

• Starvation

• Sepsis

• Burns

• Trauma

• Surgery

• Malignancy

• Bone marrow transplantation
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Mechanisms of TFTs changes in NTI

Journal of Endocrinology (2010) 205, 1–13
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Concept of Steady State Conditions & Treatment

Laboratory support for the diagnosis and monitoring of thyroid disease. Thyroid 2003; 13:1-126. 
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Thyroiditis
(TFTs Time Course)
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Medications
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Thyroxin Replacement Therapy
(Poor compliance to LT4)

Intermittent hormone ingestion may result in 

normal or even elevated Thyroid Hormone levels, 

but fails to normalize TSH.

Clinical Endocrinology (2011) 74, 673–678
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CME Vol 31, No 11 (2013)

Drug Effects on TFTs
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Guideline Based Approach
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Guidelines based Evaluation for Suspected Hypothyroidism

Signs & Symptoms of Hypothyroidism
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Guidelines based Evaluation for Suspected Hyperthyroidism

Signs & Symptoms of Hyperthyroidism
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FT4 & TSH Possible Results

+

1

6

2 3

4

7 Hyper

Hypo

8 9
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Common

Chronic autoimmune thyroiditis

Post radioiodine Therapy

Post thyroidectomy

Hypothyroid phase of transient thyroiditis

Less Common (anti-TPO negative, no radioiodine or surgery)

Post external-beam irradiation to the neck

Drugs: amiodarone, lithium, interferons, interleukin-2

Iodine deficiency

Iodine excess-iodide goitre in Japan (water purification units)

Goitrogens

Amyloid goitre (large, firm goitre with systemic amyloidosis)

Riedel's thyroiditis†

Rare:

Congenital—thyroid tissue absent

Thyroid dysgenesis possibly associated with TSH-receptor, PAX-8, and TTF2 mutations

Congenital—thyroid tissue present

Iodine transport defects—low radioiodine uptake or saliva iodine

Iodine organification defect

Congenital-high radioiodine uptake, positive perchlorate discharge

Thyroglobulin synthetic defect—low thyroglobulin concentration

TSH-receptor defects

Resistance to TSH with other (unspecified) defects
THE LANCET • Vol 357 • February 24, 2001

FT4 (↓) & TSH (↑)

Hypo
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Global Iodine Availability
(Natural availability and I2 consumed as food additives)
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Common

Primary hyperthyroidism:

Graves' disease

Multinodular goiter

Toxic nodule

Relatively common-with low radioiodine uptake

Transient thyroiditis:

Postpartum

Silent (lymphocytic)

Postviral (granulomatous, subacute, De Quervain's)

Rare—with a low radioiodine uptake

Thyroxine ingestion

Ectopic thyroid tissue or struma ovarii

Iodine induced

Amiodarone therapy

Rare—with a positive pregnancy test

Gestational thyrotoxicosis with hyperemesis gravidarum

Hydatidiform mole

Familial gestational hyperthyroidism

Rare-familial or resistant to treatment

Activating germline TSH-receptor mutation
THE LANCET • Vol 357 • February 24, 2001

FT4 (↑) & TSH (↓)

Hyper
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Subclinical Thyroid States
(Zones 2 & 8)

Subclinical hypothyroidism

Subclinical hyperthyroidism
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FT4 (↔) and TSH (↑)
(Zone 2)

Common

• Subclinical Hypothyroidism

Rare

• Heterophile (interfering) antibody

• Macro-TSH

• Poor compliance with thyroxine

• Malabsorption of thyroxine

• Drugs (e.g. amiodarone, Li, sertraline, 

cholestyramine)

• NTI recovery phase

Congenital 

• TSH-receptor defects

• Resistance to TSH associated with other (unspecified) defects

• Biologically inactive TSH

• Pendred’s syndrome—some cases (associated with sensineural deafness and goitre)

THE LANCET • Vol 357 • February 24, 2001

Subclinical hypothyroidism

Subclinical hyperthyroidism



45/84

Hypothyroidism Stages

1. Subclinical Hypothyroidism TSH↑ T4↔ T3 ↔

2. Mild Hypothyroidism TSH↑↑ T4↓ T3 ↔

3. Overt Hypothyroidism TSH↑↑↑ T4↓↓ T3↓

Castillo V, Rodriguez MS, Lalia J. Estimulación con TRH y evaluación de la respuesta de la TSH en perros. Su importancia en el diagnóstico de la enfermedad tiroidea subclínica 
(hipotiroidismo subclínico y tiroiditis autoinmune eutiroidea). Revista Científica 2001; 11: 35-40.
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Epidemiology of dysfunction in the Whickham survey 
(#2779 adults for 20 years)

RatioMen %Women %

3.30.93Tg antibodies Prevalence

3.82.710.3TPO antibodies

2.72.87.5
Subclinical 

hypothyroidism

180.11.8Hypothyroidism

6.80.06/y0.41/yHypothyroidismIncidence

•Tunbridge WMG, Evered DC, Hall R, et al.: The spectrum of thyroid disease in the community: the Whickham Survey. Clin Endocrinol 1977; 7: 481-493.

•Vanderpump MPJ, Tunbridge WMG, French JM, et al.: The incidence of thyroid disorders in the community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol 
1995; 43: 55-68.
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FT4 (→) and TSH (↓)
(Zone 8)

Common

• Subclinical hyperthyroidism

• T3 Thyrotoxicosis 

Rare

• Recent treatment for hyperthyroidism

• Drugs (e.g. steroids, dopamine)

• NTI

THE LANCET • Vol 357 • February 24, 2001

Subclinical hypothyroidism

Subclinical hyperthyroidism
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Importance of Subclinical Thyroid Dysfunction 

Clin Biochem Rev Vol 24 November 2003

Subclinical Thyrotoxicosis (↓TSH, ↔ FT4, FT3 )

Progression to overt thyrotoxicosis

Exposure to iodine may precipitate severe thyrotoxicosis

Threefold increased risk of atrial fibrillation after 10 years

Osteoporosis risk is increased

Subclinical Hypothyroidism (Mild thyroid failure) (↑TSH, ↔ FT4)

Non specific symptoms may improve with treatment

Progression to overt hypothyroidism (~ 5% per year)

Adverse effect on foetal brain development in pregnancy

Adverse effects on vascular compliance

Independent risk factor for atherosclerotic disease?

Beneficial effect of treatment on lipids?

Increased prevalence of depressive illness?

Subclinical hypothyroidism

Subclinical hyperthyroidism
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FT4 & TSH
(3-6 & 4-7 Zones)

+

1

6

2 3

4

7 Hyper

Hypo

8 9
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FT4 (↑) and TSH (↑ ↔)
(Zones 3, 6)

Rare (with discordant FT4 versus FT3)

• Interfering Abs to thyroid hormones 

• FDH=Familial dysalbuminaemic hyperthyroxinaemia

• Drugs (e.g. amiodarone, heparin)

Rare-other

• Intermittent T4 therapy / T4 overdose

• NTI (including acute psychiatric disorders)

• Neonatal period

• TSH-secreting pituitary adenoma (Hyper)

• Resistance to thyroid hormone

• Disorders of thyroid hormone        

transport or metabolism

THE LANCET • Vol 357 • February 24, 2001
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Resistance to thyroid hormone (RTH) vs 

TSH-secreting pituitary tumor (TSHoma)

1. Best Practice & Research Clinical Endocrinology & Metabolism 23, 5, 2009, 597–606
2. Clinical Endocrine Oncology. John Wiley & Sons, Jan 26, 2009 
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FT4(↓) and  TSH (→ ↓* )
(Zones 4, 7)

Common

• NTI

• Recent treatment for hyperthyroidism 

(TSH remains suppressed)

• Rare

• Central hypothyroidism

• Isolated TSH / TRH deficiency

THE LANCET • Vol 357 • February 24, 2001
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Challenging TFTs Results
(A Systematic Approach)

Revisit Clinical Context & Medications

Screen for Laboratory Artifacts

Consider Rare Cases
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Outlines

1. TSH Molecular Structure

2. TSH Assay Standardization / Harmonization

3. TSH Assay Sensitivity

4. Assay Interferences
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TSH Molecular Structure
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Thyroid Stimulating Hormone
(Characteristics)

 A heterodimeric glycosylated peptide 

(92+118)

 28- to 30- kDa

 Synthesized & secreted from thyrotrophs of 

the anterior pituitary

 Turnover: 40-150 mU/day

 Half Life: 1 hour (Variable)

 Major role:  Regulates the growth and 

function of thyroid gland

Grossmann, M., Weintraub, B.D.& Szkudlinski, M.W.. Novel insights into the molecular mechanisms of human thyrotropin action: 
structural, physiological, and therapeutic implications for the glycoprotein hormone family. Endocr Rev , 18 , 476-501. (1997)
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Thyroid Stimulating Hormone
(Glycobiology)

https://www.aacc.org/publications/cln/articles/2013/may/tsh-harmonization. Last seen: 4/23/2016
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TSH Assay Standardization / Harmonization
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Assay Standardization 

Goal: Measurement results be comparable between laboratories and methods, 

over time, with common reference ranges. 

Definition: Calibration traceable to International System of Units using an RMP 

(to cause to conform with a standard) 

Requirements:

• Full Metrological Traceability

Reference Measurement Procedure (RMP)

Certified Standard Reference Material (CRM)

Traceability Concept

• Commutability

• Broad Range Coverage

The Joint Committee for Traceability in Laboratory Medicine (JCTLM)-http://www.bipm.org/
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Assay Standardization
(Full Metrological Traceability)

60

Certified Reference Materials 
(CRMs)

Reference Measurement Procedures 
(RMPs)

e.g.

• Gravimetry

• IDMS
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Assay Standardization
(Commutability)
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• Goal: Measurement results be comparable between laboratories and methods, 

over time, with common reference intervals. (Very challenging for TSH)

• Definition: Calibration traceable to International System of Units using an RMP 

(to cause to conform with a standard) 

• Requirements:

• Full Metrological Traceability

 Reference Measurement Procedure (RMP): Not available for TSH

 Certified Standard Reference Material (CRM): Not available for TSH 

 Traceability: No

• Commutability: No

• Broad Range Coverage: ?

Thyroid Stimulating Hormone

(Assay Standardization)

The Joint Committee for Traceability in Laboratory Medicine (JCTLM)-http://www.bipm.org/
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Not feasible yet.

So, what to do?

Please Think about TSH Harmonization !?

TSH Standardization 
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• Goal: Measurement results be close to each other. 

(Standardization: Measurement results be comparable between laboratories and methods, over time 
with common reference intervals.)

• Definition: To bring into an agreement, (to reach to a consensus) 

• Requirements:

 Applying Statistical Methods (All-Procedure Trimmed Mean=APTM)

 Recalibration of Methods / Kits against consensus values

 Manufactures contribution

TSH Harmonization

(Standardization Not Available)

Aldo Clerico , et.al., Clin Chem Lab Med; 53(3): 377–382, 2015
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65

TSH Harmonization Steps
(IFCC C-STFT)

https://www.aacc.org/publications/cln/articles/2013/may/tsh-harmonization. Last seen: 4/23/2016
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66

Linda M. Thienpont, et.al., Eur Thyroid J; 3:109–116 ,2014

TSH Harmonization
(A Progress Report of the IFCC Committee for Standardization of Thyroid Function Tests)
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67
Linda M. Thienpont, et.al., Eur Thyroid J; 3:109–116 ,2014

TSH Harmonization
(A Progress Report of the IFCC Committee for Standardization of Thyroid Function Tests)
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68

Linda M. Thienpont, et.al., Eur Thyroid J; 3:109–116 ,2014

Before Recalibration After Recalibration

TSH Harmonization
(A Progress Report of the IFCC Committee for Standardization of Thyroid Function Tests)
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TSH Assay Sensitivity
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TSH  Assay Generations

http://www.healthcare.siemens.com.. Last seen: 4/23/2016
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http://www.healthcare.siemens.com.. Last seen: 4/23/2016

TSH Assays Evolving Performance Characteristics
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TSH Assay Interferences



73/84

TSH Assay Interference
(HAAs & Immunometric methods)

http://scantibodies.com/hbr.html
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Thyroid Stimulating Hormone

(Assay Interference)

Best Pract Res Clin Endocrinol Metab. Dec 2013; 27(6): 745–762
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TSH Assay Interference 

(Heterophilic Antibody Sources)

• Exposure to animals (e.g. animal technicians, veterinarians, animal handlers)

• Alternate animal contact therapy (e.g. thymic cells, sheep cells, embryonic cells)

• Exposure to animal products (e.g. food preparation)

• Special diets (e.g. cheese) 

• Deliberate immunization (e.g. therapies, vaccinations, certain imaging treatments)

• Blood transfusions

• Autoimmune diseases, e.g Graves’ Disease

• Dialysis

• Patent medicines (OKT3)

• Maternal transfer

• Cardiac Myopathy

• G.I. Disease (E. Coli)

• Rheumatoid factors can also act as heterophilic antibodies

http://scantibodies.com/hbr.html
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Heterophilic Antibodies
(Existence confirmation)

1. Discordant TSH results in an assay that utilizes different antibody 
pairs, or incubation times;

2. Altered TSH result following immunosubtraction [using polyethylene 
glycol (PEG) or protein G/A]; 

3. Nonlinear TSH measurement following sample dilution

Clinical Endocrinology (2011) 74, 673–678
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1. Read TSH

2. PEG Solution: 25% PEG 6000 in DW

3. Serum:PEG Sol. 1:1 V/V

4. Mix

5. Centrifuge 3000 X for 5 min.

6. Read Sup TSH

• Recovery= 2xTSH (after absorption)/TSH (before absorption)

• A Recovery < 40 % suggests the influence of high molecular weight  

proteins, such as immunoglobulins in the specimen

Falsely elevated TSH due to macro TSH, Hiroyuki Sakai, et.al, Endocrine 

Journal 2009, 56(3), 435-440

PEG Test for TSH
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Biotin Interference

Inge Bülow Pedersen Peter Laurberg, Biochemical Hyperthyroidism in

a Newborn Baby Caused by Assay Interaction from Biotin Intake. Eur Thyroid J 2016;5:212–215
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Biotin Interference

Inge Bülow Pedersen Peter Laurberg, Biochemical Hyperthyroidism in

a Newborn Baby Caused by Assay Interaction from Biotin Intake. Eur Thyroid J 2016;5:212–215
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TSH Assay Interference
(Cross Reactivity )
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Assays for Thyroid Free Hormones
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http://www.medscape.org/viewarticle/546270

Free T4/T3 Assays
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Thyroid Hormone Auto Antibodies

(THAAb)

• Prevalence: up to 40% in autoimmune thyroid diseases; 

• Not necessarily lead to assay interference. (titer, specificity, affinity)

• Single-antibody technique: ↓ hormone concentrations

• Double antibody technique: apparent concentration of hormone will be 
spuriously high. 

• 4 major approaches can assist in evaluation of assay interference: 

(a) measure TSH by a sensitive immunometric method; 

(b) measure THs after Ig depletion; 

(c) use a comparative method

(d) test for the presence of THAAb against the hormone or analog tracer used in 
the assay reagents.

Clinical Endocrinology (2011) 74, 673–678



84/84

FT4 / FT3 Displacement

• Heparin Effect: 

.

• Altered serum binding proteins

Clin Biochem Rev Vol 24 November 2003
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Altered Binding Proteins 

• Quantitative (TBG excess)

1. Pregnancy, estrogens (OCPs, 

HRT, tamoxifen)

2. hepatic disorders

3. hereditary TBG excess

• Qualitative

1. familial dysalbuminaemic 

hyperthyroxinaemia (FDH) 

2. transthyretin-associated 

hyperthyroxinaemia (TTR-AH)]

Clinical Endocrinology (2011) 74, 673–678
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TBG Variations
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Challenging TFTs Results
(A Systematic Approach)

Revisit Clinical Context & Medications

Screen for Laboratory Artifacts

Consider Rare Cases
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Resistance to thyroid hormone (RTH) vs 

TSH-secreting pituitary tumor (TSHoma)

1. Best Practice & Research Clinical Endocrinology & Metabolism 23, 5, 2009, 597–606
2. Clinical Endocrine Oncology. John Wiley & Sons, Jan 26, 2009 
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Conclusions
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A Systematic Approach to Challenging TFTs Results

Best Pract Res Clin Endocrinol Metab. Dec 2013; 27(6): 745–762
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Thank you for your Attention

Bakhtiari.09@gmail.com
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