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Introduction

General aspects on TSH
✓First-line test 

✓Different “generations” (functional sensitivity: FS)
• Third generation assay: FS at 0,01 to 0,02 mUI/L 

https://www.uptodate.com/contents/laboratory-assessment-of-thyroid-function
Hoermann et al, Eur J Endocrinol 2010
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https://www.uptodate.com/contents/laboratory-assessment-of-thyroid-function


Introduction

General aspects on TSH
✓Low intraindividual variation (17,8%)

✓Heterogeneity of the molecule (Glycosylation state and different isoforms)--> Difficulties for 
standardization

✓ Interpretation against relevant reference interval!

✓Controversy for the appropriate upper limit (4 to 5 mU/L)

https://biologicalvariation.eu/
Duan J et al, Nature. 2022 Sep;609(7928):854-859 4

https://biologicalvariation.eu/


Establishment of reference values

TSH reference Intervals: initial concept
✓ Including a sample of healthy individuals (no thyroid disease, no abnormality in the thyroid 

gland, absence of thyroid antibody, no interfering medication or thyroid hormone)

✓Statistical treatment of reference values

Jonklaas J,Thyroid. 2024 Aug;34(8):957-959
Tietz Textbook of Laboratory Medicine (2023), Section I, Establishment and Use of Reference Intervals 5



Establishment of reference values

TSH reference Intervals: complexity
✓TSH [] can vary significantly depending on the RI "chosen"

• Adoption of RI from manufacturer (verification of RI with the CLSI C28-A3c)

• Establishment of their own RI→ strategies for selection of reference individuals: 

• Direct (DRI) or indirect (IRI) sampling?

Dirks et al, Clin Chem Lab Med 2024; 62(7): 1352-1361
6

DRI
➢ Quantification of TSH on 125 

dutch reference individuals
➢ Calculation parametrically or 

non-parametrically (2.5th 
percentile and 97.5th 
percentile)

IRI
➢ Collection of existing historical 

laboratory data (>2 millions of 
data from 2008 ans 2022 from a 
dutch population)

➢ Information on sex, age
➢ If multiple results  are obtained 

for a patient within the same 
year--> exclusion of the patient

➢ Statistical assessment (Hofmann 
method, TML, TMC,…)
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Establishment of reference values

TSH reference Intervals: complexity
✓ TSH [] can vary significantly depending on the RI "chosen“

• RI from manufacturer for TSH and FT4 (Abbott: TSH: 0.35–4.94 µIU/mL, FT4: 9.01–19.5 pmol/L) 
are too wide

• Impact on diagnoses: if adoption of IRI (TSH: 0.57–4.06 µIU/mL, FT4: 10.5–16.2 pmol/L)→ ↑ 
percentage of overt hypothyroidism from 0,8 to 3,3%

Dirks et al, Clin Chem Lab Med 2024; 62(7): 1352-1361 8



Establishment of reference values

TSH reference Intervals: complexity
✓TSH [] can vary significantly depending on the assay kit used

Wong Sang Yo, Endocrinol. Metab 2024;139:188-89 9



Modifications of TSH concentrations

Genetic factors 
✓ Inter-individual variation >> Intra-individual variation

✓TSH concentration more dependent upon a polygenic score than on FT4 concentrations

https://biologicalvariation.eu/
Kus A et al, Thyroid. 2024 Aug;34(8):969-979. doi: 10.1089/thy.2024.0045.
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Modifyers of TSH concentration

Age
✓Evolution after birth

• Importance of performing neonatal screening on DBS taken at least 3 days after birth

Tietz Textbook of Laboratory Medicine (2023), Section III, Thyroid disorders 11



Modifyers of TSH concentration

Aging process
✓TSH distribution by age groups in the United States,  NHANES III (1988 –1994)

• A, Disease-free population 

• B, Reference population (P97,5 for the 20-29 group: 3,56 mUI/L, P97,5 for the +80 group: 7,49 mUI/L)

Surks MI, J Clin Endocrinol Metab. 2007 Dec;92(12):4575-82 12



Modifyers of TSH concentration

Aging process
✓TSH distribution by age groups in the United States. A, Disease-free population. B, Reference 

population, NHANES III (1988 –1994)
• Progressive shift in the peak relative frequencies toward higher TSH concentration

• Impact of medications? Changes in the post-translational processing of TSH with decreased biologic activity?

Surks MI, J Clin Endocrinol Metab. 2007 Dec;92(12):4575-82 13



Modifyers of TSH concentration

Gender/Ethnicity
✓Slightly higher TSH levels underlined for women - Effect less important compared to age

✓Higher levels of TSH [] in non-Hispanic white vs non-Hispanic black or Mexican

American subjects 

Hollowell JG et al, JCEM 2002 87(2):489–499 14
Hollowell JG et al, JCEM 2002 87(2):489–499



Modifyers of TSH concentration

Obesity
✓Many hormonal changes!!!

✓Spanish study including 3,928 individuals free of thyroid disease (without previous thyroid 
disease, no interfering medications, TSH <10 mUI/mL and negative antibodies [TPO Abs])

✓ Increased BMI associated with increased TSH values and increased FT3/FT4 ratio

 

Valdés S et al, Obesity (Silver Spring). 2017 Apr;25(4):788-793 15



Modifyers of TSH concentration

Obesity
✓ Impact on thyroid hormones after bariatric surgery

• Results of a meta-analysis (24 articles): 

➢ Significant changes on TSH and FT3 levels

➢ No significant change on FT4 concentrations 

✓Positive correlation between BMI and TSH and between BMI and FT3
• [TSH]↑: adaptative mechanism to increase energy expenditure?

➢ Role of adipokines?

• [FT4]  with [FT3] ↑: increased turnover rate of thyroxine?

Guan B et al, Obes surg 2017
Valdés S et al, Obesity (Silver Spring). 2017 Apr;25(4):788-793
Mele C et al, Front Endocrinol (Lausanne). 2022;13:1029376

16



Modifyers of TSH concentration

Smoking
✓Dataset from sixth Korean National Health and Nutrition Examination Survey in 2014 and 

2015 (n: 4249 participants)

✓Reduced TSH levels in smokers vs. nonsmokers→ TSH [] correlated negatively with cotinine 
levels

Kim SJ et al, Scientific Reports 2019 17



Modifyers of TSH concentration

Circadian rhythm
✓TRH mRNA: peak at 2:00 am

✓TSH: peak at 2:00 to 4:00 am, nadir at 4:00 to 8: 00 pm

✓T3: phase delay of 1,5h compared with those of TSH

✓T4: weaker circadian amplitude

Philippe J et al, J Biol Rhythms. 2015 Apr;30(2):76-83 18



Modifyers of TSH concentration

Circadian rhythm

✓Investigation of the TSH circadian variability in patients with hypothyroidism
• Circadian rhythm maintained in patients with subclinical hypothyroidism (SH, n: 22) and 

in those taking L-thyroxine replacement therapy (n:16)
• In SH: decreased concentrations of TSH and FT3 (8-9:00 am vs 2-4:00 pm), absence of 

circadian rhythm for FT4 

Sviridonova MA et al, Endocr Res. 2013;38(1):24-31 19



Modifyers of TSH concentration

Circadian rhythm
✓Standardization of the sampling time

✓Mathematical model to calculate a time dependent TSH cutoff value 
• Corrected TSH cut-off (mIU/L)=0.40 + 0.24*cos(π/12) *(h − 6)→ clinical consequences

Delanghe J, Horm Mol Biol Clin Investig. 2024 20



Summary

✓Laboratory references range for “normal” TSH→ complexity!!!

✓Multiple demographic, genetic and laboratory characteristic impact the TSH []

✓Reference intervals in the diagnosis of thyroid dysfunction: treating patients not 
numbers

Razvi S, J Thyroid Res. 2019 Sep 22;2019:4106816. 21
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