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Establish Serum Thyroid Hormones Based on Biological Variation Data
Personalized Reference Intervals
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ZHANG Yan ( Department of Clinical Laboratory, Traditional Chinese Medicine Hospital of Pidu District,
Chengdu 611730, China )

Abstract: Objective To establish personalized reference interval ( prRI) of the serum thyroid-stimulating hormone ( TSH)

triiodothyronine (T3), thyroxine (T4), free triiodothyronine (FT3) and free thyroxine (FT4), based on the biological variation
( BV) estimate and the uncertainty of subject homeostatic set point ( HSP ) . Methods Blood samples were collected from 31
healthy subjects at 6 time points (00:00, 04:00, 08:00, 12:00, 16:00, 20:00 ) .The serum levels of TSH, T3, T4, FT3 and
FT4 concentrations were determined in duplicate on an Abbott i2000SR analyzer, outliers and homogeneity of variance analysis,
followed by CV-ANOVA analysis of the trend-corrected data (if related).The BV confidence interval (95%CI) and reference
change values (RCV), individual index (II) and prRI were calculated for serum thyroid hormones , and compared with the
population-based reference interval (popRI) to verify the utility of prRI. Results Serum thyroid hormone levels were higher and
in men than women, statistically significant (#=3.081~7.549, all P <0.01). The TSH had a high CV}, relatively large of RCV and
[I=1.0, for a wide prRI range. The RCV of T3, T4, FT3 and FT4 were relatively small, IIs measurements were all < 0.6,
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and the prRI distribution range of most subjects tested was only a part of the popRI.The reference interval index (Rii) for T3, T4,

FT3 and FT4 were 0.80, 0.61, 1.10 and 0.47, respectively, comparable to II values. The proportion of prRI falling within popRI
was 98.92%, 90.54%, 98.92% and 95.41%, recpecitiverly. Accorded with the industry verification standards of the Ministry of
Health. Conclusion In addition to TSH, T3, T4, FT3 and FT4 prRI based on short-term BV can provide accurate evaluation of

laboratory results that can effectively support clinical decisions regarding thyroid disease and be valuable for “personalized”

diagnosis in health assessment.Including both popRIs and prRIs in laboratory reports can help clinicians evaluate laboratory test

results and provide personalized reference intervals for health assessments.

Keywords: thyroid hormone; biological variation(BV); reference change value(RCV); individual index (II); personalized

reference interval (prRI); population reference interval (popRI); reference interval index (Rii)
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BMI (kg/m’) 233 (229 ~ 256) 211 (187 ~ 232) 23.1 (210 ~ 243) 3.081 0.004
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3 FURBSM =AY prRI, popRI, Rii & IT
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w 110.1 85.94 ~ 134.26
'S 98.83 7301 ~ 124.65
FI3  (pmolll.) 29 5.18 348 ~ 6.88 1.10 263 ~ 571 0.60
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5 139 11.64 ~ 16.16
i 13.15 10.67 ~ 15.63

24 AR5 ¥R prRIeE WE 1, NEEWEL
BARALENR prRI, DL T4 R fil. 31 filfdslE sz i %
T4 SRR prRIEHE A =AM R, A

LL=85.94nmol/L

R prRIZE AL AT 50 RV ST B Y 55
UL/LL , WAREHRIEEN]ES IrAMA.

UL=134.26nmol/L

I ““I[I Il

[ LL=73.01nmol/L

| UL=124.65nmol/L F

= e e e e e e = = NN NN RN N NN O W

=SNWHNNNROO=2NWHUNINNROVO=NWHUNDNROO-

il

o

N
D

T4

O
Y

M: BE; Fo bk; LL: prRIAYFRR; UL: prRIAY FRR .

B 1

25 prRIZGE DL 4, PG A MM T3,
T4, FT3 Fil FT4 Rl Ecti 1 A o ue AR . AR 4
WS /T 402-2012 2Rk U1 PO i 78 H R A5 2 00
{H prRI ¥ 7F popRI Z N Y L B34 K T 90%, 154
S X (A RHIEER
3 iTig

S0 2 7% X [R) 3 H S R 95% fHE S ARG
SER MR . S AR5 SR B2

14 iRt (F) 0 17 BIEEEM M) B 6 XEZEEME T4 5% (KFEL)

AR EEER, (HRIXE R Z NI
LU o NP AL &% 3 UL ES o e I e N =g
USRS S AR HEAL A 73T S A [l i A
2e L A R AR HERR RS, I AR Y
AR, P E BB E N H O ESE X
] U2, IR A MR A S X
A S HRYT 0 AR SCHE R RER L, BT
HSP FIMA CV,, S280 2 CV, ST I AR BRI R



152 BLACHG IR B2 27 25

$38% S5 2023495 J Mod Lab Med, Vol. 38, No. 5, Spet. 2023

(49 prRI, Al ARAZ A i I 412 ARk figp Foe G

AR
F4 T3, T4, FTI3FAFT4 SEXEFE R
mE 45 prRI EH (n) 55 (n) f58% (%)
™ 4% 203~ 455 366 4 98.92
B 258~ 436 189 15 92.65
I 141 ~ 473 165 1 99.40
T4 2 7833~ 13175 335 35 90.54
B 8594 ~ 13426 185 19 90.69
I 7301 ~ 12465 150 16 90.36
FT3 2% 348 ~ 688 366 4 98.92
B 416 ~ 676 204 0 100.00
261 ~ 705 165 1 99.40
FT4 4% 1122 ~1590 353 17 9541
B1164 ~ 1616 190 14 93.14
& 1067 ~ 1563 166 0 100.00

FIEsE ™ &8, 31 624 1 BMI ¥ 7E ks
WSS, 5 ERIE BMI 25548 50140 X,
TSH ¥ & Bl BMI (8 mmisg . 5 v R IR R
KEmTaotk, Z2RAGT5E L, M FIRIRR
R BV MBI T 007 o AR | MR FEASISCSE R ] |
Hiy DX R Z A U OV AT L, 2K
HARNTBFIAMAEZH] 1 BV (95%C1) B A
TSH SZ BB T AR MR U™, X HAth HFOIR
MREEER, MERNAESES, OV BB KT EFLM 4L
WEERYE ™, Hs THALF RIS ZE o, i CV
fHIHEHEL. TSH () RCV Inc%/ Dec%RCV Ak,
RO TSH AYAFLBIRT, 25 RATREFES % XM N .
At R I 25119 RCV Inc%/ Dec% FHXTEL /N, 15t
WA 25 50 % A R R A T RE LA T IR .

FF 8= BV AT HE 87 19 prRI 5 HAl 52
UK vk B S ) prRUAFE—E R, 5
popRI WAEFEZE S, T3, T4 Fl FT4 prRI 25 popRI
By—B43, FT3 prRI T popRI, TSH 7 & # =)
CV,, prRI X [8]7E [ BH 2 98 T popRI U 1917k bR
e R AR B HESE 0B R 48 TSH % X Ja] P, 11 42 1)
K VAL popRI R H MM FE bR, 4 11>1.4 B, popRI
X285 R BEAR A F. 24 11<0.6 B, popRI X ¥
AW R B U R S R, AR e R BR M BT, CARO-
BENE % P Ay, X FAR A M g ) (11 >
1.4) , fEGZET AR popRI TR JEfe Bt 1Y o
M 11<0.6, FUAA W AAARYE, NE R RS
R Z A 22 7 A5 KT RCV R FIWiG 7 385 R 5
AT S S X B AT A A R . TSH 11=1.0,
o T OCHR PV R, X RE SN AREAS S 24h PN JE
W BV A%, 1M TSHAKKMEEH, T3, T4,
FT3 f1 FT4 IIs < 0.60, S5, K 2BV #5545

JFAE . FrLL, TSH KGNSS R popRI ff R A id
B, 1 T3, T4, FT3 Fl FT4 3K il RCV 8 prRI f#
FERIMZE R A 55

XET Y, SARFIAREE o A1 B KB )5

2 NHIERY . k1 TR, T4 SRS prRI

Bl A ASHTE], A prRI AR b AR 5

PP, B T4 W E (E A A R FEEE 1 B

BUAZ SR, ATRES A 25 5 m] LT 8K /popRI

DCTRIE N 5 [RIRE, AT REIE & Ayl & 25 51 T UG T

SVA /popRI IX AL 2 4. Fr L, % i 5 4G 0 45

RIRALLAUZ AR o AT LLEABAT]

HER S A Y prRIFEAT RS, A5 W ALY

popRI B B A& prRI HE47 Heds . WARAUARPE popRI 2

PRI A R, BRI 25 SR BE A I 18] AR T

A AR REA RBOTAL, 7T e F S RITH Y

([P~
il i RRis 45 1Is [ %, T3, T4, FT3 #l FT4

RRis 41T popRI 1) ITs. XF A 99 A B HEA T 500IE,

NHEMLIIE 77 popRI Z AN LI/ T 10%, i

BH T3, T4, FT3 Fl FT4 Y prRI i JH A 9206 =

AR
AWFFAFE—E R R, WAFEARD, H

Y 24h N BV RS prRI, A #HETH. K

W BV BOWFFERI LR . AT S50 2 k24 it AR,

ft s i A HUR BRI . KM BV Bl , Rk

&y prRI 7E Ml PR 552 B v St I 4> P AR ARG D &4

BRIV
Lf LT, HET HURMREER A BY 2L

prRI, X HUAR g T BE e e AN A DR AT (B, 2

R 5256 % i 45 v [F] B 6045 popRIs Fl prRIs, # Bl

R S A AR, IR R AR DT A

HEAEALR IR . T B L AR R AT 22

St AN TR 51 ) prRI i R A6 0 25 SR o] e S A

Sk

[1] VANDERPUMP M P J. Epidemiology of thyroid
disorders: a comprehensive guide for the clinician[M].
Heidelberg: Springer International Publishing, 2019:75-
85.

[2] FRASER C G. Inherent biological variation and
reference values[J]. Clin Chem Lab Med, 2004,
42(7),:758-764. )

[3] RICOS C, DOMENECH M V, PERICH C. Analytical
quality specifications for common reference
intervals[J]. Clin Chem Lab Med, 2004, 42(7):858-862.

(4] BRECH , KR, A, 55 . W ARSI HAEY)
FASRIBTTE [J]. AR IR, 2012, 35(10):
926-931.

CHEN Zhengjun, ZHANG Chen, SONG Binbin, et al.
Biological variation in 32 clinical laboratory routine



BACKL 0 B2 27 24 35

5538 4

%55 20234E9 A J Mod Lab Med, Vol. 38, No. 5, Sept. 2023 153

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tests[J]. Chinese Journal of Laboratory Medicine, 2012,
35(10): 926-931.

T, X2, R, 55 A SE S %
DX ] #4457 S B E [J]. I RA 38 2% , 2017, 352):
107-110.

YUE Bo, LIU Manjiao, TANG Dahai, et al.
Establishment and verification of personalized reference
interval of blood cells[J]. Chinese Journal of Clinical
Laboratory Science, 2017, 35(2): 107-110.

RICOS C, CAVA F, GARCIA - LARIO J V, et al.
The reference change value: a proposal to interpret
laboratory reports in serial testing based on biological
variation[J]. Scandinavian Journal of Clinical and
Laboratory Investigation, 2004, 64(3): 175-184.
LACHER D A, HUGHES J P, CARROLL M D.
Estimate of biological variation of laboratory analytes
based on the third national health and nutrition
examination survey[J]. Clin Chem, 2005, 51(2):450-
452.

ZHANG Yan, HE Dahai, JIANG Shunning, et al.
Biological variation of thyroid function biomarkers
over 24 hours[J]. Clinica Chimica Acta, 2021, 523:
519-524.

MICHAEL-TITUS A, DOURMAP N, CALINE H, et
al. Role of endogenous enkephalins in locomotion and
nociception studied with peptidase inhibitors in two
inbred strains of mice (C57BL/6J AND DBA/2J)[J].
Neuropharmacology, 1989, 28(2): 117-122.
AARSAND A K, RORAAS T, FERNANDEZ-CALLE
P, et al. The biological variation data critical appraisal
checklist: a standard for evaluating studies on biological
variation[J]. Clinical Chemistry, 2018, 64(3): 501-514.
e NRALFIE TUAERS . IR RS =R H 2%
XTI AE [S]. AEAT : A ERRE R i | 2013,
Ministry of Health the People’s Republic of
China. Define and determine the reference intervals in
clinical laboratory [S]. Beijing: China Standards Press,
2013.

HOROWITZ G L. Reference intervals: practical
aspects[J]. EJIFCC, 2008, 19(2): 95-105.

LEOW M K, GOEDE S L. The homeostatic set point
of the hypothalamus-pituitary-thyroid axis--maximum
curvature theory for personalized euthyroid targets[J].
Theor Biol Med Model, 2014, 11:35.

OZCURUMEZ M K, HAECKEL R. Biological
variables influencing the estimation of reference
limits[J]. Scandinavian Journal of Clinical and
Laboratory Investigation, 2018, 78(5): 337-345.
HAECKEL R, WOSNIOK W, STREICHERT T.
Review of potentials and limitations of indirect
approaches for estimating reference limits/intervals
of quantitative procedures in laboratory medicine[J].
Journal of Laboratory Medicine, 2022, 45(2):35-53.
BRABANT G, PRANK K, RANFT U, et al.
Physiological regulation of circadian and pulsatile
thyrotropin secretion in normal man and woman[J].
The Journal of Clinical Endocrinology and Metabolism,
1990, 70(2): 403-409.

ZHANG Yan, WANG Huali, ZHOU Chaogiong, et al.
Intraday changes and clinical applications of thyroid

(18]

[19]

[20]

(21]

(22]

(23]

function biomarkers in healthy subjects [J]. Lab Med,
2023, 54(3):282-286.

RARSL, ZEWOT , 585, 45 . RIIH AR AR RGO
NHEAE FFOIR MR ICER 0 8 A ) 7 R 1 OB T 5
[J]. BUACHG G 222 2% | 2022, 37(4): 154-158.

SONG Linli, CHU Shufang, YUAN Rui, et al. Study on
the biorhythm of thyroid-stimulating hormone secretion
in Shenzhen population with non-thyroid disease using
big data[J]. Journal of Modern Laboratory Medicine,
2022, 37(4): 154-158.

AARSAND A K, FERNANDEZ-CALLE P, WEBSTER
C, et al.The EFLM Biological Variation Database[EO].
https://biologicalvariation.eu/ [time of access].

JEIFIHT , XM, MREIR , 45 . BRPGA 5 )1 X AR A
2 LT HRARCR K2 IX 0] B ST 2 i R H
[J]. BUARAE B PR 24247 | 2022, 37(5): 164-167.
ZHOU Lili, LIU Dong, LIN Hongqing, et al.
Establishment and clinical application of reference
intervals of serum thyroid hormone level of pregnant
women in tongchuan[J]. Journal of Modern Laboratory
Medicine, 2022, 37(5): 164-167.

ik, AR, R, A5 L A8 AN B AL B A
A2 S s A B ORI S RE SR b S B % 1) 2%
ARARAE [J]. BUUA R PR 242405 |, 2022, 37(5): 186-189.
ZHANG Yan, WANG Huali, WU Feng, et al.
Estimation of the inter-laboratory reference change
of thyroid function indicators between laboratories
with external quality assessment data and biological
variation data[J]. Journal of Modern Laboratory
Medicine, 2022, 37(5): 186-189.

i, REWOT , ROOW, A BT RBE A A =R
P HUIR BRICR A2 W0 2 7% IXTR) B H S AR A< s g AR
S ], AR R BRI A (HEFRR ), 2021, 15(7):
491-496.

YUAN Rui, CHU Shufang, YU Wenhui, et al.
Establishment of biological reference intervals for third
generation thyrotropin assay based on big data and
assessment of effects of age and climate variation on
thyrotropin[J]. Chinese Journal of Clinicians(Electronic
Edition), 2021, 15(7): 491-496.

Kepf, EOLEE, L, 55 T IREGEERS
S AR R S X [7]. PR NS | 2020,
59(2): 129-133.

ZHU Xuetong, WANG Kaijin, ZHOU Qi, et al.
Establishing reference intervals of thyroid hormone
based on a laboratory information system[J]. Chinese
Journal of Internal Medicine, 2020, 59(2): 129-133.
XIBESC, PRAESE , RO, 45 . Rk Sy il
Hu X7 B HUIR B 2R A2 R BRIR 225 X ] ). 1
IR Z4E | 2020, 38(5): 380-383.

LIU Xiaowen, SHEN Junfei, WU Wenhao, et al.
The reference interval of free thyroxine and thyroid-
stimulating hormone in Shanghai was established by
indirect[J]. Chinese Journal of Clinical Laboratory
Science, 2020, 38(5): 380-383.

e N RILFINE E R AR 02y . IR IR IR
PG B6 0 H 2% X H) 45 10 #8454 = Al AR
JRER . HORIRER . W =R IR R R .
HURR IR R A HRBRICR [S]. Jbat: th bR RAE
2022.



154

BURK R R 2 e 5 38 &

$s5W 202349 A

J Mod Lab Med, Vol. 38, No. 5, Spet. 2023

National Health Commission of People’s Republic
of China. Reference intervals for common clinical

thyroid function assay[J]. International Journal of
Laboratory Medicine, 2015, 36(4): 506-507.

biochemistry tests-Part 10: Serum triiodothyronine, [29] MAIRESSE A, WAUTHIER L, COURCELLES L,
thyroxine, free triiodothyronine, free thyroxine and thy- et al. Biological variation and analytical goals of four
roid stimulating hormone[S]. Beijing: China Standards thyroid function biomarkers in healthy European
Press, 2022. volunteers[J]. Clinical Endocrinology, 2021, 94(5):
[26] WANG Shuo, ZHAO Min, SU Zihan, et al. Annual 845-850.
biological variation and personalized reference intervals [30] ANDERSEN S, PEDERSEN K M, BRUUN N H, et
of clinical chemistry and hematology analytes[J]. al. Narrow individual variations in serum T(4) and
Clinical Chemistry and Laboratory Medicine, 2022, T(3) in normal subjects: a clue to the understanding of
60(4): 606-617. subclinical thyroid disease[J]. The Journal of Clinical
[27] COSKUN A, SANDBERG S, UNSAL I, et al. Endocrinology and Metabolism, 2002, 87(3): 1068-
Personalized reference intervals in laboratory medicine: 1072.
a new model based on Within-Subject biological [31] CAROBENE A, BANFI G, LOCATELLI M, et al.
variation[J]. Clinical Chemistry, 2021, 67(2): 374-384. Personalized reference intervals: From the statistical
[28] Z=/NE%, SR, wE . HURIRIDRER I 275 25 4k significance to the clinical usefulness[J]. Clin Chim
{8 KT RTE A (7] B BRAG 50 R 2 2476, 2015, Acta, 2022, 524:203-204.
36(4): 506-507. KB 2023-02-14
LI Xiaoling, ZHANG Mei, HUANG Hengjian. EEBHA: 2023-03-24
Reference change values and quality standards for
(EEE114T) omic analyses of the mc regulator ALYREF reveal its
[6] NAGY Z, SENEVIRATNE J A, KANIKEVICH M, et essential roles in hepatocellular carcinoma [J]. Frontiers
al. An ALYREF-MYCN coactivator complex drives in Oncology, 2021, 11(5): 633415.
neuroblastoma tumorigenesis through effects on USP3 [15] ZHANG Qiaofeng, LIU Furong, CHEN Wei, et
and MYCN stability[J]. Nature Communications, 2021, al. The role of RNA m(5)C modification in cancer
12(1): 1881. metastasis[J]. International Journal of Biological
[77 KLEC C, KNUTSEN E, SCHWARZENBACHER Sciences, 2021, 17(13): 3369-3380.
D, et al. ALYREF, a novel factor involved in breast [16] TEHURE, K&, ¥, 5. HIF-1 o /ALYREF/PKM2
carcinogenesis, acts through transcriptional and post- {555 Tl e F e e A T e R AR i A= P RO (070, 9
transcriptional mechanisms selectively regulating the GiE , 2022, 41(3): 125-141.
short NEAT1 isoform[J]. Cellular and Molecular Life WANG Jingzi, ZHU Wei, HAN lie, et al. HIF-1 «/the
Sciences, 2022, 79(7): 391. role of ALYREF/PKM2 signal axis in glycolysis and
[8] SIEGELR L, MILLER K D, FUCHS H E, et al. Cancer tumorigenesis of bladder cancer[J]. Chinese Journal of
statistics, 2022[J]. CA-A Cancer Journal for Clinicians, Cancer, 2022, 41(3): 125-141.
2022, 72(1): 7-33. [17] LIU Jingxing, XIAO Shuyuan, CHEN lJing, et al. A
[9] BB, 2356, MRS, & . SRS TRk comprehensive analysis for expression, diagnosis,
SRS AE 6% eS8 12 W v A R S [0]. BRACAG 06 2 22 4% and prognosis of mC regulator in breast cancer and its
A%, 2019, 34(6): 135-137. ncRNA-mRNA regulatory mechanism[J]. Frontiers in
CHEN lJiankang, PENG Daorong, CHEN Huiyu, et al. Genetics, 2022, 13: 822721.
Significance of urine bladder tumor antigen level in [18] DU Jiannan, LI Yuan, SU Yuting, et al. LncRNA
the diagnosis of bladder cancer[J]. Journal of Modern Pnky positively regulates neural stem cell migration
Laboratory Medicine, 2019, 34(6): 135-137. by modulating mRNA splicing and export of target
[10] LIANG Lin, LI Wentao, LI Xin, et al. “Reverse genes[J]. Cellular and Molecular Neurobiology, 2023,
Warburg Effect” of cancer-associated fibroblasts 43(3): 1199-1218.
(Review)[J]. International Journal of Oncology, 2022, [19] WANG Ning, CHEN Rixin, DENG Minhua, et al. m5c-
60(6): 67. dependent cross-regulation between nuclear reader
[11] WANG Jingzi, ZHU Wei, HAN lJie, et al. The role ALYREF and writer NSUN2 promotes urothelial
of the HIF-1 a /ALYREF/PKM2 axis in glycolysis bladder cancer malignancy through facilitating RABL6/
and tumorigenesis of bladder cancerr[J]. Cancer TK1 mRNAs splicing and stabilization[J]. Cell Death
Commun(Lond), 2021, 41(7):560-575. Dis, 2023, 14(2): 139.
[12] XIA Yong, WANG Xing, LIU Yan, et al. PKM2 is [20] YU Wenjun, ZHANG Congcong, WANG Yikun, et al.

essential for bladder cancer growth and maintenance[J].
Cancer Research, 2022, 82(4): 571-585.

[13] WANG Dongliang, ZHAO Chaoshuai, XU Fei, et al.

Cisplatin-resistant NSCLC cells induced by hypoxia
transmit resistance to sensitive cells through exosomal
PKM2[J]. Theranostics, 2021, 11(6): 2860-2875.

[14] XUE Chen, ZHAO Yalei, LI Ganglei, et al. Multi-

YAP 5-methylcytosine modification increases its mRNA
stability and promotes the transcription of exosome
secretion-related genes in lung adenocarcinomal[J].
Cancer Gene Therapy, 2023, 30(1): 149-162.
WFm B HE: 2023-03-12
fEEIBHE: 2023-04-19



