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Introduction CHDB- UL

Hypothalamus

General aspects on TSH

v/ First-line test e
v Different “generations” (functional sensitivity: FS) \\
. st e

gland

* Third generation assay: FS at 0,01 to 0,02 mUI/L

Circulatory
system

1004 oo ee,:o

Conjugated
T4 and T3

TSH (muUll)

- Stimulatory pathway

== Inhibitory pathway

0.01 1

T, (pmol/l)

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

General aspects on TSH

v’ Low intraindividual variation (17,8%)
v Heterogeneity of the molecule (Glycosylation state and different isoforms)--> Difficulties for

standardization

Anterior Pituitary Lobe

Thyrotropin or thyroid- Glycoprotein, Thyroid gland Stimulation of thyroid hormone formation
stimulating hormone (TSH) heterodimer® (e, and secretion
92aa; B, 112aa)

v’ Interpretation against relevant reference interval!
v’ Controversy for the appropriate upper limit (4 to 5 mU/L)

https://biologicalvariation.eu/
DuanJ et al, Nature. 2022 Sep;609(7928):854-859
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TSH reference Intervals: initial concept

v'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)

v’ Statistical treatment of reference values

Partition reference values
Inspect distribution

Detect/handle outliers
Select statistical method
MNon-parametric estimates
Gaussian distribution?
Parametric estimates

Define transforming function
(and its parameter valug)

Transformed distrib. Gaussian?

Parametric estimates
(transformed)

- Back-fransform estimates

Jonklaas J,Thyroid. 2024 Aug;34(8):957-959

Tietz Textbook of Laboratory Medicine (2023), Section |, Establishment and Use of Reference Intervals
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TSH reference Intervals: complexity
v'TSH [] can vary significantly depending on the RI "chosen"
* Adoption of Rl from manufacturer (verification of Rl with the CLSI C28-A3c)
» Establishment of their own RI=> strategies for selection of reference individuals:
* Direct (DRI) or indirect (IRI) sampling?

IRI

» Collection of existing historical
laboratory data (>2 millions of
data from 2008 ans 2022 from a
dutch population)

Information on sex, age

DRI

> Quantification of TSH on 125
dutch reference individuals
» Calculation parametrically or

non-parametrically (2.5th
percentile and 97.5th

percentile) If multiple results are obtained

for a patient within the same
year--> exclusion of the patient
Statistical assessment (Hofmann
method, TML, TMC,...)

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

- 4.0
. . pe . E
n 1] -
v TSH [] can vary significantly depending on the Rl "chosen 5 3
=2 3.0
T 25
2 20
1.5
101 __EEeeees CLL R LR F LKL IR I I Fo=g=a-=
S O R SR
2008 2010 2012 2014 2016 2018 2020 2022
Tabde 2: Comparison of the indiret and direct TSH Rl with the manufactur er-suggested TSH Rls. Years
Direct method 2023} Inedlrect maethod {2023} Manufacturer-suggested
19-68 years 18-100 years 18-60 years
LIEL {30 % CI) UEL {90 % CI) Median LEL Median UEL EBRLRL ER URL Med lan LEL Median LIRL ER LEL ER URL LEL ULE ERLEL ER UEL
(ramge] | range ] {ramge | e get)
Roche (obas (n=d) 0.9 06e0-095] 4794 41-6.485)) 066{0.65-0457) 502 (4856542 0.1 0225 065 {04A3-071) 4.3 (464-504) 137 0053 02y 420 | 45140 i.574
A0 Adinity (n=3] Ay {0L43-0.77) 397 @382-571) 055{0.47-056) 4.59(434-5.10) 0,151 0528 056(049-057] 406 (394-432) i1.134 0.113 035" 494 0.402 1,219
Skemens Atelica (ned) 0.76 (0.60-0.89) 476 440-694) 084(0.65-047) 5.09(506-558) 0,098 0323 066 {04A2-067) 4.0 (452-5105) 10434 0058 055 478 044 .a@2a
Bedkman Dad (n=2) 071 {0.60-0483) 4467 E27-671) 064{0.61-064 533{516-549) 0,069 0653 06400461-067] 4384 (461-5.06] iaad 0168 038 533 0427 653

*Abbatt prowides a TSH A based on the central 99 % intervall instead of the regular central 95 % interval. The Abbott TSH R] based on the central 95 % intervalwould be 047 -367 plW mL. Blas ratios for these RLs
are1L.251{LRL) and 0377 (URL). BRyy = %‘h BR g = '-“;_"-:“h 5Dy = 4, minimal BR-<0 375, desirable BR<0.250, optimal BR<0.125. LRL, lower reference limit; URL, upper reference limit; BR, blas raso.

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




Establishment of reference values LH@JLB

TSH reference Intervals: complexity
v TSH [] can vary significantly depending on the Rl "chosen”
* RIfrom manufacturer for TSH and FT4 (Abbott: TSH: 0.35-4.94 plU/mL, FT4: 9.01-19.5 pmol/L)

are too wide
* Impact on diagnoses: if adoption of IRI (TSH: 0.57-4.06 ulU/mL, FT4: 10.5-16.2 pmol/L)> T

percentage of overt hypothyroidism from 0,8 to 3,3%

6.0- Abbott RI

TSH (ulU/mL)

0.0d— . . . r r : .
2008 2010 2012 2014 2016 2018 2020 2022
Years

Dirks et al, Clin Chem Lab Med 2024; 62(7): 1352-1361
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TSH reference Intervals: complexity
v/ TSH [] can vary significantly depending on the assay kit used

TSH Kit Variability in Subclincial Hypothyroidism Management E n M

Table 1. Estimation of Medical Decision Points Considering Differences between Roche and Other TSH Kits
S— Medical decision point value (95% CI) Linear correlation analysis with Roche

TSH 0.6 mIU/L TSH 6.8 mIU/L TSH 10.0 mIU/L R Slope Intercept
Abbott 0.46 (0.46t00.47) 5.2(52t053) | 7.7(7.6t07.8) 0.997 0.75 (0.74 t0 0.75) 0.11 (0.06 t0 0.19)
Beckman-CLIA 0.58 (0.57t00.58) 6.5(6.4106.6) | 9.7(9.6t09.9) 0.993 0.94 (0.92 to 0.96) 0.083 (~0.044 to0 0.21)
Siemens 0.61 (0.61t00.62) 6.9(6.9t07.0) [10.2(10.2t010.3) 0.999 1.03 (1.02 to 1.04) —0.06 (-0.13 to 0.00)
Beckman-RIA 0.65 (0.64t00.66) 7.4(7.2t07.5) ]10.8(10.6to 10.9) 0.992 1.06 (1.04 to 1.08) 0.09 (—0.06 to 0.24)
Brahms 0.50 (0.49t00.51) 5.7(5.6105.8) | 8.3(8.1t084) 0.992 0.86 (0.84 t0 0.87) —0.08 (—0.20 to 0.04)
Riakey 0.47 (0.46t00.47) 5.3 (52t05.4) | 7.9(7.7t08.0) 0.994 0.88 (0.86 t0 0.89) —0.39 (—0.50 to —0.29)
Izotop 0.53(0.52t00.54) 6.0(5.8t06.1) | 8.9(8.8t08.9) 0.999 0.89 (0.88 to 0.90) 0.06 (0.01 t0 0.12)
TSH. thyroid stimulating hormone: CI. confidence interval: CLIA. chemiluminescence immunoassay:; RIA. radioimmunoassay.

Wong Sang Yo, Endocrinol. Metab 2024;139:188-89
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Genetic factors
v Inter-individual variation >> Intra-individual variation
v/ TSH concentration more dependent upon a polygenic score than on FT4 concentrations

Thyroid stimulating hormone (TSH)

Analytical Performance Specification  RCV Calculation

Matrix BV Estimate median CV lower CI limit higher CI limit
estimate

Serum/plasma 2 17.8 12.0 29.3

Serum/plasma s 36.0 23.e 48.4

https://biologicalvariation.eu/
Kus A et al, Thyroid. 2024 Aug;34(8):969-979. doi: 10.1089/thy.2024.0045.
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Age
v’ Evolution after birth
* Importance of performing neonatal screening on DBS taken at least 3 days after birth

g Sl e
- [Lo1] 100535 / 411406

Relative concentration

Days after birth

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




Modifyers of TSH concentration @ _ &

UNIVERSITAIR LABORATORIUM BRUSSEL

Aging process

v TSH distribution by age groups in the United States, NHANES IIl (1988 —1994)

e 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 mUl/L)

TABLE 3. Mean and median TSH concentration with 97.5 centile (milliinternational units per liter) by age group in disease-free and
reference populations, NHANES IIT (1988-1994)

Ase groups (yr) Sa.r_nple Mean SE Geometric SE geometric Median 95% c_on._ﬁdence 97.5 95% qonfldence
£€ groups tyr size mean mean mean limits centile limits
A. Disease-free population”
Total 16,533 1.97° 0.05 1.50 0.02 1.49 1.46-1.50 5.52 5.24-32.93
12-19 2,431 1.71 0.08 1.39 0.03 1.37 1.31-1.51 4.20 3.82-6.51
20-29 3,186 1.54 0.04 1.27 0.02 1.28 1.25-1.36 4.02 3.76-6.77
30-39 2,981 1.75 0.11 1.36 0.03 1.35 1.31-1.44 4.57 4.04-9.62
40-49 2,290 209 0.12 1.60 0.04 1.50 1.46-1.57 5.75 499-21.14
50-59 1,564 221 0.13 1.67 0.03 1.60 1.57-1.70 5.73 5.28-19.62
60-69 1,834 234 0.08 1.83 0.04 1.79 1.71-1.95 7.48 6.21-11.89
T0-79 1,333 3.10 0.24 2.03 0.05 1.98 1.87-2.09 9.80 8.58-25.93
80+ 924  2.85 0.14 2.02 0.09 2.08 1.92-2.28 9.36 7.71-19.75
B. Reference population®
Total 13,344  1.64° 0.02 1.40 0.02 1.39 1.39-1.47 4.12 3.96-6.23
12-19 2,172 1.59 0.04 1.36 0.03 1.35 1.28-1.49 4[] 3.69-4.80
20-29 2,564 143  0.03 1.24 0.02 1.26 1.19-1.29 3.26-4.71
30-39 2,482 150 0.04 1.30 0.03 1.29 1.29-1.41 69 3.40-4.33
40-49 1,882 1.64 0.04 1.44 0.03 1.40 1.35-1.52 3.82 3.49-4.83
50-59 1,145 1.74 0.03 1.52 0.03 1.50 1.46-1.63 4.03 3.68-4.94
60-69 1,430 191 0.05 1.65 0.04 1.67 1.60-1.79 4.33 4.02-5.45
T0-79 1,001 2.16 0.06 1.75 0.04 1.76 1.68-1.85 5.24-8.60
80+ 668  2.44 0.12 1.86 0.08 1.90 1.74-2.13 7.49 6.17-10.85

Surks M, J Clin Endocrinol Metab. 2007 Dec;92(12):4575-82
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v TSH distribution by age groups in the United States. A, Disease-free population. B, Reference

population, NHANES Il (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?

* \ e A ge 20-29
\s —B- Age 50-59
\A = A = Age 80+

b 02 03 04 06 08 14 21 31 47 741 107 161 242 365 551

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

B

Percent

30

25 4

20 -

15 4

10 -

01 02 03 04 06 09 14 21 31 47 71 107 16.1 242 36.5 55.1

\t —— Age 20-29
\ —l= Age 50-59
= A = Age 80+

Upper TSH Concentration in Bin
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Gender/Ethnicity
v/ Slightly higher TSH levels underlined for women - Effect less important compared to age
v'Higher levels of TSH [] in non-Hispanic white vs non-Hispanic black or Mexican
American subjects Mean goryms THH fonl)/Rker)

Total Males Females

Mean s Mean s Mean ==

Total Population
All
White, non-Hispanic
Black, non-Hispanie
Mexican Americans

0.02 |1-4ﬁ 0.02  1.49 0.02
0.02 1151 0.02 155 0.03
002 | 1.20 0,03 1.15 0.02
0,03 | 1.43 0,03 1.43 0.04

Rohk

[
Lo =]

Dhisease-free population®

All 1.50 0,02 1.47 0.02 167 0.02
White, non-Hispanic 1.57 002 152 0.02 162 0.03
Black, non-Hispanic 1.18 0,02 1.21 0.03 1.16 0.02
Mexican Americans 1.43 0,03 1.43 0.03  1.43 0.03
Population with risk factors®
All 1.71 0,05 1.84 0.09 1.67 0.06
White, non-Hispanic 1.95 0056 193 0.12  1.70 0.06
Black, non-Hispanie 1.12 0.8 097 023 1.156 0.06
Mexican Americans 1.794 0,11 181 021 1.72 013

Reference population®

All 140 002 1.41 002 138 0.02
White, non-Hispanic 145 002 145 002 145 0.03
Black, non-Hispanie 1.18 002 1.22 002 1.14 002

Hollowell JG et al, JCEM 2002 87(2):489-499 Mexicsn Amerirzmg 159 0.02 140 002 1.52 0
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Obesity

v’ Many hormonal changes!!!

v/ 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])

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

TABLE 2 Reference intervals (2.5th to 97.5th percentiles) for TSH according to BMI categores in 3,928 individuals free of
thyroid disease F. Multivariate model
p for trend < 0.001

Underweight Mormal weight Overweight Obesity Meorbid obesity

p2.5 0.57 0.57 0.60 0.51 0.69

(0.24-0.88)" (0.50-0.71) (0.49-0.66) 0.41-0.59) {0.47-0.88}"
Median Lior 2.00 2.01 2.12 2.47 :
(1.72-2.29) (1.92-2.07) (1.94-2.07) (2.03-2.20) (2.19-2.63) 031
pg?.ﬁ | = [~ = = (= g o5
(4.16-D.71) 4 He-b. 1] [0 11-0.81) 2. Ad] [0.05-0. M)
0.27
Data are quantile and approximate 95% C1 unless indicatad. 0.25

“BExact confidence level = B7.558490% (imit capped at min/max). ) )
PExact confidence leval =92.036948% §imit capped at minimax). Underweight Normal Overweight Obesity Morbid

weight obesity

T3/T4 ratio
[=]
@

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

v 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

v’ Positive correlation between BMI and TSH and between BMI and FT3
» [TSH]: adaptative mechanism to increase energy expenditure?
» Role of adipokines?
* [FT4] <> with [FT3] 1: 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
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Smoking
v’ Dataset from sixth Korean National Health and Nutrition Examination Survey in 2014 and
2015 (n: 4249 participants)
v'Reduced TSH levels in smokers vs. nonsmokers—=> TSH [] correlated negatively with cotinine
levels

Males Females

; = 0.0071
Free T4 Free T4 S s

(ngldL)
i
i
—_
—
—_— !
h
Free T4 (ng/dL)
s - I - i -
: i T I T 3
B ]
B —_—
B »—t—|
o
[ e
———

Thyroid Stimulating Hermene (miIUIL)
. ™ “

Kim SJ et al, Scientific Reports 2019
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Hypothalamus

Circadian rhythm
v TRH mRNA: peak at 2:00 am
v TSH: peak at 2:00 to 4:00 am, nadir at 4:00 to 8: 00 pm
v T3: phase delay of 1,5h compared with those of TSH

v T4: weaker circadian amplitude

E

24 12 24 12

PItUItaf Gland

AVaNG
24 12 24 12
¢

Thyroid

3

3

24 12 24 12

T4

24 12 24 12
Philippe J et al, J Biol Rhythms. 2015 Apr;30(2):76-83 a

|



Modifyers of TSH concentration @ __ &

UNIVERSITAIR LABORATORIUM BRUSSEL

Circadian rhythm

v'Investigation of the TSH circadian variability in patients with hypothyroidism
e 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

TABLE 1 TSH Values (mU/L) in Patients with SH in the Morning and in the Afternoon
14 .
12 p = 0.0001 Clock n Median Min Max Lower quartile Upper quartile
10 8.00-9.00 a.m. 20 5.83 4.1 14.53 4.54 7.3
= . 2.00-4.00 p.m. 20 3.79 1.2 8.90 2.99 5.17
E 8
T
e o6 - TABLE 4 TSH Values (mU/L) in Patients Taking L-thyroxine
L) P, N e —
, . Clock n Median Min Max Lower quartile Upper quartile
_________ —_— 8.00-9.00 a.m. 22 3.27 0.33 15.25 1.42 5.15
° T T 2.00-4.00 p.m. 22 2.18 0.25 5.80 1.03 3.37

Clock, (h)

Sviridonova MA et al, Endocr Res. 2013;38(1):24-31 n
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Circadian rhythm
v/ Standardization of the sampling time

v’ Mathematical model to calculate a time dependent TSH cutoff value
» Corrected TSH cut-off (mIU/L)=0.40 + 0.24*cos(rn/12) *(h - 6)-> clinical consequences

@D

TSH (mIULL)

Delanghe J, Horm Mol Biol Clin Investig. 2024
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v'Laboratory references range for “normal” TSH> complexity!!!
v'Multiple demographic, genetic and laboratory characteristic impact the TSH []

v'Reference intervals in the diagnosis of thyroid dysfunction: treating patients not

n u l b e rS Main cause of aberrant TSH result:
| Influences TSH secretion ‘ Interferes with the TSH test

| Interferes with absorption of levothyroxine |

Obesity
(especially morbid obesity) Metformin®

Pregnancy
Female gender Black ethnicity

Can increase or decrease ) b
Calcium, iron, or the TSH test result Alemtuzuma

L1 . Dopamine agonists
Lithium ‘ P B ‘
m T ——— Diurnal or | Glucocorticoids |
circannual variation Rexinoids
Heterophile Abs -
Autoantibodies ‘ Endocrine disruptors | Interferona

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

Lower TSH result

Higher TSH result

« THANK YOU FOR YOUR ATTENTION
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