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ABSTRACT 
Background: Reference ranges of thyroid-stimulating hormones are needed for diagnosing and monitoring 
children's thyroid disorders based on age and sex. 
 Aims: The main objective of this study is to establish thyroid-stimulating hormone reference ranges for 
healthy children below five years old in Nineveh province, Iraq, based on age and sex.  
Methods: A cross-sectional study was conducted on one hundred sixty-six healthy children (84 males, 82 
females, aged from 2 days to 5 years), and their blood samples were collected at Ibn Al-Atheer and AL-
Khansaa Teaching Hospital at Nineveh, Iraq, from October 2023 - March 2024. They were divided into three 
groups: G1=0–1 months, G2= 1–12 months, and G3=1–5 years. Serum TSH was measured using the 
enzyme-linked fluorescent assay method (ELFA) by Biomerieux Mini Vidas.  
Result: Because of the non-normally distributed data of TSH, reference values were determined using the 
2.5% and 97.5 % percentiles. Highly significant difference (p<0.02) among mean TSH(µIU/ml)   of G 
1(5.57±7.86), G 2 (2.67±1.80) and G 3 (2.64±1.72) for males and highly significant difference (p<0.001) 
among mean TSH G 1(6.01±5.94), G 2 (2.18±1.82) and G 3 (2.91±1.71)for females. 
Conclusions: Higher TSH values are encountered in the G1 with no sex difference of mean TSH, yet the 
2.5th%-97.5th%  percentile for males is evidently higher than that of females of similar age groups.  
 
Keywords: Reference ranges, pediatric, iodine deficiency, Mini Vidas. 

 

  الخامسة سه دون الأطفال لذي الذرقية للغذة المحفز لهرمىن المرجعية القيمة

 العراق ويىىي، محافظة في

 
 ***شبكش حكًذ أحًذ ،** يحًذ ػلاوٌ حبصو ،* يحًىد طلال أعًبء

 ، انُىس جبيؼخ وانطجُخ، انصحُخ انزقُُبد كهُخ** ، انًىصم جبيؼخ ، انطت كهُخ انحُبرُخ، انكًُُبء قغى*

 انؼشاق - انًىصم َُُىي، جبيؼخ انطت، كهُخ انطت، فشع***

 

 الخلاصة

هُبك حبجخ إنً َطبقبد يشجؼُخ نههشيىٌ انًحفض نهغذح انذسقُخ  فٍ رشخُص ويشاقجخ اػزلال انغذح انذسقُخ نذي الأطفبل  الخلفية:

 ثُبء ػهً اػًبسهى وجُغهى.

ٌ انهذف انشئُغٍ يٍ هزِ انذساعخ هى إَشبء َطبقبد يشجؼُخ  نههشيىٌ انًحفض نهغذح انذسقُخ  نذي الأطفبل الأصحبء دو الأهذاف:

 .عٍ انخبيغخ فٍ يحبفظخ َُُىي، انؼشاق، ثُبءً ػهً انؼًش وانجُظ
أَثً، رزشاوح أػًبسهى ثٍُ  48ركشا و  48أجشَذ دساعخ يغزؼشضخ ػهً يبئخ وعزخ وعزٍُ طفم أصحبء ) المىاد والأساليب:

انؼشاق يٍ شهش رششٍَ الأول  عُىاد(، ورى جًغ ػُُبد ديهى فٍ يغزشفً اثٍ الأثُش وانخُغبء انزؼهًٍُ فٍ َُُىي، 5َىيٍُ إنً 

شهشا، و  18-1=  8شهش، انًجًىػخ  1-2=  1. رى رقغًُهى إنً ثلاثخ  يجبيُغ: انًجًىػخ 8288إنً شهش آراس  8282

عُىاد. رى قُبط انهشيىٌ انًحفض نهغذح فٍ يصم انذو ثبعزخذاو طشَقخ انفحص انفهىسٌ انًشرجط ثبلإَضَى  5-1= 2انًجًىػخ 

(ELFAثىاعطخ جهب )  ص يٍُُ فُذاطBiomerieux Mini Vidas. 
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ثغجت انجُبَبد غُش انًىصػخ ثشكم طجُؼٍ نههشيىٌ انًحفض نهغذح ، رى رحذَذ انقُى انًشجؼُخ ثبعزخذاو انُغت انًئىَخ الىتيجة: 

يم(    ( ثٍُ يؼذل انهشيىٌ انًحفض نهغذح)يُكشو وحذح دونُخ /2.28%. هُبك فشق احصبئٍ را قًُخ يؼُىَخ)ة > 5..5 -% 8.5

( نهزكىس و فشق احصبئٍ را قًُخ 8..1±8.78) 2( وانًجًىػخ 1.42±.8.7) 8( ,انًجًىػخ 47..±.5.5) 1فٍ انًجًىػخ 

( 1.48±8.14) 8(, انًجًىػخ 5.58±7.21) 1فٍ انًجًىػخ   ( ثٍُ يزىعط يؼذل انهشيىٌ انًحفض نهغذح2.21يؼُىَخ )ة > 

 ( نلإَبس.1..1±8.51) 2وانًجًىػخ 

فشق احصبئٍ فٍ يؼذلاد هزا  ذ.و لا َىج 1رى اعزُزبج قُى ػهُب نهشيىٌ انًحفض نهغذح انذسقُخ فٍ انًجًىػخ  ت:الاستىتاجا

 .نهزكىس اػهً يٍ اقشاَهى يٍ الاَبس  %5..5-% 8.5انهشيىٌ ثٍُ انجُغٍُ. وقذ اظهشد انُغجخ انًئىَخ 

 
 .يٍُُ فُذاط ،َقص انُىد ،طت الأطفبل ،انُطبقبد انًشجؼُخ الكلمات المفتاحية:

 

INTRODUCTION 
stablishing reference ranges (RRs) in 
pediatric clinical practice is challenging due 

to continuous physiological changes during 
childhood, and accurate pediatric reference values 
are crucial for accurately interpreting clinical 
laboratory results, especially for immunochemical 
analytes 

1,2
. Clinical laboratory tests are essential 

for diagnosing, monitoring, and treating many 
disorders. However, inadequate reference values 
for local populations limit the interpretation of the 
test results 

3,4
.  

Thyroid function is essential for growth and 
development in children. Small differences in 
thyroid hormones(THs) balance might cause 
growth and energy consumption problems and 
metabolic abnormalities 

5
.  

Serum TSH levels are the most accurate way to 
diagnose primary hyperthyroidism and 
hypothyroidism 

6,7
. 

Elevated serum TSH levels around the upper limit 
of normal reference ranges indicate subclinical 
hypothyroidism (SH). The SH  is defined by an 
increased TSH level over the upper limit of the 
reference interval, with normal free thyroxin (FT4) 
levels within the population RRs 

8
 since TSH varies 

throughout countries or ethnic groups 
9
.  

Most children with SH are commonly 
asymptomatic, and there is no known association 
with growth impairment or bone abnormality 

10
.  

 

MATERIAL AND METHODS 

Study Design 
This study is a cross-sectional study. Serum 

samples from one hundred sixty-six healthy 
children, 84 male and 82 female, their ages 
ranging from 2 days - to 5 years, were collected at 
Ibn Al-Atheer and AL-Khansaa Teaching Hospitals 
from October 2023–April 2024 after obtaining 
ethical approval from the committee of ethics at 
Nineveh Health Directorate, Nineveh, Iraq, with 
verbal vocal and written consent of their parents, 
after clinical excluding of any thyroid problems by a 
pediatrician. 

The enrolled children should have a normal 
thyroid function assessment and no family or 
personal history of thyroid disorders. Pituitary 
alterations such as gigantism, panhypopituitarism, 
diabetes insipidus, etc.  
Premature babies, gestation below 37 weeks, 

babies who are obese or undersized. Maternal 
history of thyroid disease or drugs that may affect 
thyroid function, such as (anticonvulsants, 
amiodarone, etc.).  
 

Blood Samples Collection 
General information, including name, age, 

residence, and mobile number, was recorded 
according to the questionnaire. Subjects were 
classified into three groups: G1= 0-1 months, 
G2=1-12 months, and G3=1-5 years. 
Approximately 4 mL of venous blood was drawn 
and centrifuged for 10 min at 3000 rpm.  
The supernatant serum was transferred to an 

Eppendorf tube, which was frozen at -20 °C  until 
the time of analysis in the Biochemistry 
Department, College of Medicine, Mosul University 
laboratory. Serum TSH was measured by enzyme-
linked fluorescent immunoassay (ELFA) using a kit 
provided by Biomerieux (France). The detection 
limit of the kit is 0.05 μIU/ml with RR (0.24-5.4 
µIU/ml). 
 

Statistical Analysis 
All data are analyzed in a computer using IBM 

SPSS for Windows version 26.0 (SPSS software, 
Chicago, ILL). After analyzing the data of TSH, it 
shows that they were not normally distributed; 
thus, the Z-test, Mann–Whitney, and Kruskal -
Wallis tests were used to show the difference 
whenever needed. P values ≤ 0.01were 
considered significant 

11
. 

 
 
 
 
 
 

E 
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RESULTS 
Table (1) shows no significant difference between 

the number of males and females for G1, G 2 and 
G3. Similarly, the mean age of males and females 
did not significantly differ for all groups. Table (2) 
shows TSH parameters for the gender of G 1, G2, 
and G 3 .  
Highly significant difference (p<0.02) among 

mean TSH of G 1(5.57±7.86), G 2 (2.67±1.80) and 
G 3 (2.64±1.72) for males and  (p<0.001) among 
mean TSH  of G 1(6.01±5.94), G 2 (2.18±1.82) and 
G 3 (2.91±1.71)for females. There was no 
significant difference in mean TSH between males 
and females for each age group: G 1  (p 
value=0.8), G 2 (p value=0.1), and group 3 (p 
value=0.4). The  G 1 had a considerably higher 
(2.5th% - 97.5th% ) percentile for each sex than 
the other age groups. TSH levels declined with 
age. 
 

Table (1) Gender distribution according to age 
groups. 

G 3 G 2 G 1 Parameters 

38 (52.3%) 21(47.7%) 
23 

(50.0%) 
Male 

No.(%) 38 (50.0%) 
23 

(50.0%) 
23 

(50.0%) 
Female 

76 (100.0%) 
44 

(100.0%) 
46 

(100.0%) 
Total 

0.9 0.9 0.9 P-value*
 

34.97±11.23 3.35±2.76 0.28±0.17 Male 

Mean 
age 
±SD 

(month) 

35.36±13.34 3.57±2.37 0.27±0.22 Female 

35.17±12.25 3.56±2.55 0.27±0.20 Total 

0.9 0.9 0.9 P-value**
 

20-60 2-10 0.13-0.63 Male 

Range 
(month) 

13-60 1-11 0.07-0.70 Female 

13-60 1-11 0.07-0.70 Total 

P-value* by Z-test. P-value** by Mann–Whitney 
test. 
 

Table (2) Different parameters of TSH (µIU/ml) of 
both genders for age groups 

P-
value* 

G 3 G 2 G 1 TSH Parameters 

0.02 
2.64±1.

72 
2.67±1.8

0 
5.57±7.8

6 
Male 

Mean 
TSH 

(μIU/ml) 
±SD 

0.001 
2.91±1.

71 
2.18±1.8

2 
6.01±5.9

4 
Female 

0.001 
2.77±1.

71 
2.45±1.7

6 
5.79±6.8

9 
Total 

 

0.4 0.1 0.8 P-value ** 

2.07 1.90 3.02 Male 

Median 2.48 1.41 4.03 Female 

2.40 1.80 3.82 Total 

0.25-
6.96 

0.80-6.30 
1.12-
38.17 

Male 

Range 
0.47-
7.61 

0.57-5.85 
0.95-
25.41 

Female 

0.25-
7.61 

0.57-6.30 
0.95-
38.17 

Total 

0.82-
6.88 

0.81-6.30 
1.12-
33.56 

Male 

2.5th % -
97.5th % 
percentile 

0.53-
6.84 

0.58-5.84 
0.97-
24.01 

Female 

0.57-
6.81 

0.67-6.24 
1.06-
22.97 

Total 

2.07-
3.21 

1.89-3.45 
2.17-
8.97 

Male 

95% CI 
for mean 

2.35-3. 
47 

1.43-3.00 
3.44-
8.58 

Female 

2.38-
3.17 

1.92-2.99 
3.74-
7.84 

Total 

P-value * by Kruskal -Wallis test. P-value** by 
Mann–Whitney test. 
 

DISCUSSION 
This study represents the first pediatrics study 

conducted in Nineveh province, a well-known 
region with iodine deficiency 

12
. Inadequate iodine 

in the diet is a communal issue. Iodine deficiency 
affects various sectors of the community, 
especially pregnant women since iodine is a major 
microelement in synthesizing THs. 

13
. Children 

under five were included in this study because they 
are the most sensitive group that showed an 
alteration in TSH levels, which can affect growth 
and, more specifically, brain development 

14
.  

Several studies have established thyroid function 
RRs in the pediatric population from 2012 until 
now. The Canadian Laboratory Initiative on 
Pediatric Reference Intervals (CALIPER) study has 
established age-sex specific RIs for THs using 
major analytical platforms, including Beckman 
Coulter Automated chemiluminescence 
immunoassay (CLIA), Abbott Architect 
i2000(CLIA), Ortho Vitros(CLIA), Roche cobas 
electrochemiluminescence immunoassay (ECLIA)  
and Siemens Atellica(CLIA)  

4,15–19
. 
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There is a significant heterogeneity of TSH RRs 
between studies due to differences in ethnicity, 
child age, anthropometric characteristics, and 
iodine status 

20,21
.  

There is no significant difference in mean TSH 
between males and females of each age group, as 
shown in Table (2). This was in agreement with 
Kapelari et al. 

22
, Bohn et al. 

4
, and Hübner et al. 

23
 

within our age groups. TSH levels declined with 
age, especially during the first year of life, which 
was in agreement with CALIPER studies 

4,15–19,24–

28
, J. Kratzsch et al. 

20
, Verburg FA et al. 

29
, A.Lem 

et al.
30

, Najam et al. 
31

, M. Mutlu et al.
32

, Naafs et 
al.

33
,  Hübner et al 

23
 and Elmlinger et al

34
.  

In this study, the range for TSH (µIU/ml)  for boys 
exhibited much more fluctuation and variability 
than for girls in the first year. The range for 
TSH(µIU/ml)  of the boys ranged from (1.12-38.17) 
for the first month and decreased to (0.80-6.30) for 
the first year of age, while for girls, TSH(µIU/ml)   
range between (0.95-25.4) to (0.57-5.85)  for the 
first month and the first year respectively. This 
variability can be attributed to slower neural 
maturation in boys or undefined biological or 
environmental/cultural factors 

35,36
. This result was 

in agreement with Legakis et al. 
37

, who enrolled 
2916 full-term healthy infants from birth - 24months 
of age in Athens, Greece, between 2015 and 2017. 
Samples were analyzed by using 
electrochemiluminescence immunoassay. 
Kapelari et al , 2008  conducted a study in 

Innsbruck, Austria. They enrolled 2194  subjects 
aged 1day-18 years. The automated immunoassay 
system analyzed samples (Advia, Centaur) 

22
. The 

(2.5th -97.5th)% percentile TSH(µIU/ml)  for 22 
subjects aged  0 – 1 months was (0.70-18.10), the  
(2.5th -97.5th)% percentile TSH(µIU/ml)   for 24 
subjects aged 1-12 months were (1.12-8.21). 
Apparently, these results differed from that 
reported in this study, the differences explained by 
iodine status  (iodine sufficient population), 
instrument used, and small sample size   
 

CONCLUSION 
We concluded that there was no sex difference in 

TSH levels in the three age groups. Higher mean 
values of TSH are noted mainly in the (0-1 month) 
age group. The mean TSH values decrease as the 
age increases. The 2.5th%-97.5th%  percentile of 
males is higher than that of the similar age groups 
for females. 
 

Acknowledgment 
Authors appreciate the support of the University 

of Mosul/ College of Medicine, Department of 
Biochemistry,  
 

REFERENCES 
1. Soldin SJ, Cheng LL, Lam LY, Werner A, Le AD, 

Soldin OP. Comparison of FT4 with log TSH on 
the Abbott Architect ci8200: Pediatric reference 
intervals for free thyroxine and thyroid-
stimulating hormone. Clin Chim Acta. 2010 
Feb;411(3–4):250–2. 
https://linkinghub.elsevier.com/retrieve/pii/S0009
898109006056,doi :10.1016/j.cca.2009.11.016 

2. Wong JSL, Selveindran NM, Mohamed RZ, Zain 
FM, Anas SS, Hong JYH. Reference intervals for 
thyroid-stimulating hormone (TSH) and free 
thyroxine (FT4) in infants' day 14–30 of life and a 
comparison with other studies. J Pediatr 
Endocrinol Metab. 2020 Sep 25;33(9):1125–32. 
https://www.degruyter.com/document/doi/10.151
5/jpem-2020-0148/html,doi :10.1515/jpem-2020-
0148 

3. Bokulić A, Zec I, Marijančević D, Goreta S, 
Požgaj Šepec M, La Grasta Sabolić L. 
Establishing paediatric reference intervals for 
thyroid function tests in Croatian population on 
the Abbott Architect i2000. Biochem medica. 
2021 Oct 15;31(3):439–46. 
https://www.biochemia-
medica.com/en/journal/31/3/10.11613/BM.2021.
030702,doi :10.11613/BM.2021.030702 

4. Bohn MK, Higgins V, Asgari S, Leung F, 
Hoffman B, Macri J, et al. Paediatric reference 
intervals for 17 Roche cobas 8000 e602 
immunoassays in the CALIPER cohort of healthy 
children and adolescents. Clin Chem Lab Med. 

2019;57(12):1968–79. ,doi :10.1515/cclm-2019-0707 

5. Taylor PN, Razvi S, Pearce SH, Dayan CM. 
Clinical review: A review of the clinical 
consequences of variation in thyroid function 
within the reference range. J Clin Endocrinol 
Metab. 2013 Sep;98(9):3562–71. 
https://academic.oup.com/jcem/article-
lookup/doi/10.1210/jc.2013-1315 

6. Ladenson PW, Singer PA, Ain KB, Bagchi N, 
Bigos ST, Levy EG, et al. American thyroid 
association guidelines for detection of thyroid 
dysfunction. Arch Intern Med. 
2000;160(11):1573–
5. ,doi :10.1001/archinte.160.11.1573 

7. Chapman AK, Farmer ZJ, Mastrandrea LD, 
Matlock KA. Neonatal thyroid function and 
disorders. Clin Obstet Gynecol. 2019;62(2):373–87. 

https://www.ingentaconnect.com/content/wk/cob
g/2019/00000062/00000002/art00020,doi :10.10
97/GRF.0000000000000434 

8. Metwalley KA, Farghaly HS. Subclinical 
hypothyroidism in children: updates for 
pediatricians. Ann Pediatr Endocrinol Metab. 
2021 Jun 30;26(2):80–5. http://e-
apem.org/journal/view.php?doi=10.6065/apem.2
040242.121,doi :10.6065/apem.2040242.121 



The Reference Value Of Thyroid Stimulating ..                                                                        Asmaa Talal Mahmood 

Ann Coll Med Mosul June 2025 Vol. 47 No.1                                                                                                                  11 

9. Pérez-Campos Mayoral L, Hernández-Huerta 
MT, Mayoral-Andrade G, Pérez-Campos 
Mayoral E, Zenteno E, Martínez-Cruz R, et al. 
TSH Levels in Subclinical Hypothyroidism in the 
97.5th Percentile of the Population. Int J 
Endocrinol. 
2020;2020(1):2698627. ,doi :10.1155/2020/2698
627 

10.Lazarus J, Brown RS, Daumerie C, 
Hubalewska-Dydejczyk A, Negro R, Vaidya B. 
2014 European thyroid association guidelines for 
the management of subclinical hypothyroidism in 
pregnancy and in children. Eur Thyroid J. 
2014;3(2):76–
94. ,doi :https://doi.org/10.1159/000362597 

11.Berry KJ, Johnston JE. Two-Sample Tests. In: 
Statistical Methods: Connections, Equivalencies, 
and Relationships. Springer; 2023. p. 91–169.  

12.Marrwa M.Naif, Hazim A.Allawi, Sura 
Khairialdeen Mohialdeen. Trimester-Specific 
Free Thyroid Hormones Levels among Pregnant 
Women in Nineveh Governorate,Iraq. Iraqi J 
Pharm Sci P-ISSN 1683 - 3597 E-ISSN 2521 - 
3512). 2024 Jul 3;33(2):79–85. 
https://bijps.uobaghdad.edu.iq/index.php/bijps/art
icle/view/2283,doi :10.31351/vol33iss2pp79-85 

13.Portulano C, Paroder-Belenitsky M, Carrasco N. 
The Na+/I− Symporter (NIS): Mechanism and 
Medical Impact. Endocr Rev. 2014 Feb 
1;35(1):106–49.  

 https://doi.org/10.1210/er.2012-
1036,doi :10.1210/er.2012-1036 

14.Schiera G, Di Liegro CM, Di Liegro I. 
Involvement of thyroid hormones in brain 
development and cancer. Cancers (Basel). 
2021;13(11).  

 https://www.mdpi.com/2072-
6694/13/11/2693,doi :10.3390/cancers13112693 

15.Karbasy K, Lin DCCC, Stoianov A, Chan MK, 

Bevilacqua V, Chen Y, et al. Pediatric reference 

value distributions and covariate-stratified 

reference intervals for 29 endocrine and special 

chemistry biomarkers on the Beckman Coulter 

Immunoassay Systems: a CALIPER study of 

healthy community children. Clin Chem Lab 

Med. 2016 Apr 1;54(4):643–57. 

https://www.degruyter.com/document/doi/10.151

5/cclm-2015-0558/html,doi :10.1515/cclm-2015-

0558 

16.Colantonio DA, Kyriakopoulou L, Chan MK, 
Daly CH, Brinc D, Venner AA, et al. Closing the 
gaps in pediatric laboratory reference intervals: A 
caliper database of 40 biochemical markers in a 
healthy and multiethnic population of children. 
Clin Chem. 2012;58(5):854–
68. ,doi :10.1373/clinchem.2011.177741 

17.Bailey D, Colantonio D, Kyriakopoulou L, 
Cohen AH, Chan MK, Armbruster D, et al. 
Marked biological variance in endocrine and 
biochemical markers in childhood: establishment 
of pediatric reference intervals using healthy 
community children from the CALIPER cohort. 
Clin Chem. 2013 Sep 1;59(9):1393–403. 
https://academic.oup.com/clinchem/article/59/9/1
393/5621904,doi :10.1373/clinchem.2013.204222 

18.Higgins V, Fung AWS, Chan MK, Macri J, Adeli 
K. Pediatric reference intervals for 29 Ortho 
VITROS 5600 immunoassays using the 
CALIPER cohort of healthy children and 
adolescents. Clin Chem Lab Med. 2018 Jan 
26;56(2):327–40. 
https://www.degruyter.com/document/doi/10.1515/ccl
m-2017-0349/html,doi :10.1515/cclm-2017-0349 

19.Bohn MK, Horn P, League D, Steele P, Hall A, 
Adeli K. Pediatric reference intervals for 
endocrine markers and fertility hormones in 
healthy children and adolescents on the 
Siemens Healthineers Atellica immunoassay 
system. Vol. 59, Clinical Chemistry and 
Laboratory Medicine. 2021. p. 1421–
30. ,doi :10.1515/cclm-2021-0050 

20.Kratzsch J, Schubert G, Pulzer F, Pfaeffle R, 
Koerner A, Dietz A, et al. Reference intervals for 
TSH and thyroid hormones are mainly affected 
by age, body mass index and number of blood 
leucocytes, but hardly by gender and thyroid 
autoantibodies during the first decades of life. 
Clin Biochem. 2008 Sep;41(13):1091–8. 
https://linkinghub.elsevier.com/retrieve/pii/S0009
912008001604,doi :10.1016/j.clinbiochem.2008.
04.007 

21.Boucai L, Surks MI. Reference limits of serum 
TSH and free T4 are significantly influenced by 
race and age in an urban outpatient medical 
practice. Clin Endocrinol (Oxf). 2009 May 
1;70(5):788–93. https://doi.org/10.1111/j.1365-
2265.2008.03390.x,doi :10.1111/j.1365-
2265.2008.03390.x 

22.Kapelari K, Kirchlechner C, Högler W, 
Schweitzer K, Virgolini I, Moncayo R. Pediatric 
reference intervals for thyroid hormone levels 
from birth to adulthood: a retrospective study. 
BMC Endocr Disord. 2008 Dec 27;8(1):15. 
https://doi.org/10.1186/1472-6823-8-
15,doi :10.1186/1472-6823-8-15 

23.Hübner U, Englisch C, Werkmann H, Butz H, 
Georg T, Zabransky S, et al. Continuous Age-
Dependent Reference Ranges for Thyroid 
Hormones in Neonates, Infants, Children and 
Adolescents Established Using the ADVIA(r) 
Centaur(tm) Analyzer. Clin Chem Lab Med. 2002 
Jan 29;40(10):1040–7. 
https://doi.org/10.1515/CCLM.2002.182,doi :10.1
515/CCLM.2002.182 



Asmaa Talal Mahmood                                                                        The Reference Value Of Thyroid Stimulating ..  

12                                                                                                                  Ann Coll Med Mosul June 2025 Vol. 47 No.1 

24.Zrinski Topić R, Leniček Krleža J. Verification of 
the Canadian Laboratory Initiative on Paediatric 
Reference Intervals (CALIPER) reference values 
in Croatian children and adolescents. Biochem 
medica. 2020;30(2):307–14.  

25.Chan MK, Adeli K. Paediatric reference 
intervals for 14 chemistries and immunoassays 
on the Roche Cobas 6000 system—A CALIPER 
(Canadian Laboratory Initiative on Pediatric 
Reference Range Database) pilot study. Clin 
Biochem. 2008;14(41):1278–9.  

26.Adeli K, Higgins V, Trajcevski K, White-Al 
Habeeb N. The Canadian laboratory initiative on 
pediatric reference intervals: A CALIPER white 
paper. Crit Rev Clin Lab Sci. 2017 Sep 
18;54(6):358–413. 
https://www.tandfonline.com/doi/full/10.1080/104
08363.2017.1379945,doi :10.1080/10408363.20
17.1379945 

27.Kulasingam V, Jung BP, Blasutig IM, Baradaran 
S, Chan MK, Aytekin M, et al. Pediatric reference 
intervals for 28 chemistries and immunoassays 
on the Roche cobas® 6000 analyzer—A 
CALIPER pilot study. Clin Biochem. 2010;43(13–
14):1045–50.  

28.Jung B, Adeli K. Clinical laboratory reference 
intervals in pediatrics: The CALIPER initiative. 
Vol. 42, Clinical Biochemistry. 2009. p. 1589–
95. ,doi :10.1016/j.clinbiochem.2009.06.025 

29.Verburg FA, Kirchgässner C, Hebestreit H, 
Steigerwald U, Lentjes EGWM, Ergezinger K, et 
al. Reference ranges for analytes of thyroid 
function in children. Horm Metab Res. 2011 Jun 
11;43(6):422–6. http://www.thieme-
connect.de/DOI/DOI?10.1055/s-0031-
1275326,doi :10.1055/s-0031-1275326 

30.Lem AJ, De Rijke YB, Van Toor H, De Ridder 
MAJ, Visser TJ, Hokken-Koelega ACS. Serum 
thyroid hormone levels in healthy children from 
birth to adulthood and in short children born 
small for gestational age. J Clin Endocrinol 
Metab. 2012 Sep 1;97(9):3170–8. 
https://doi.org/10.1210/jc.2012-
1759,doi :10.1210/jc.2012-1759 

31.Najam Y, Khan M, Ilahi F, Alam A. Distribution 
of T4 TSH values in children--the Shifa 
experience. J Pak Med Assoc. 2003 
Jan;53(1):26–8. 
http://europepmc.org/abstract/MED/12666849 

32.Mutlu M, Karagüzel G, AlİyazicioĞlu Y, 
EyüpoĞlu İ, Ökten A, Aslan Y. Reference 
intervals for thyrotropin and thyroid hormones 
and ultrasonographic thyroid volume during the 
neonatal period. J Matern Neonatal Med. 2012 
Feb 17;25(2):120–4. 
http://www.tandfonline.com/doi/full/10.3109/1476
7058.2011.561894,doi :10.3109/14767058.2011.
561894 

33.Naafs JC, Heinen CA, Zwaveling-Soonawala N, 
van der Schoor SRD, van Tellingen V, Heijboer 
AC, et al. Age-Specific Reference Intervals for 
Plasma Free Thyroxine and Thyrotropin in  Term 
Neonates During the First Two Weeks of Life. 
Thyroid. 2020 Aug;30(8):1106–
11. ,doi :10.1089/thy.2019.0779 

34.Elmlinger MW, Kühnel W, Lambrecht HG, 
Ranke MB. Reference intervals from birth to 
adulthood for serum thyroxine (T4), 
triiodothyronine (T3), free T3, free T4, thyroxine 
binding globulin (TBG) and thyrotropin (TSH). 
Clin Chem Lab Med. 2001 Oct 23;39(10):973–9. 
https://doi.org/10.1515/CCLM.2001.158,doi :10.1
515/CCLM.2001.158 

35.de Onis M, Garza C, Onyango AW, Rolland-
Cachera MF. Les standards de croissance de 
l’Organisation mondiale de la santé pour les 
nourrissons et les jeunes enfants. Arch Pédiatrie. 
2009 Jan;16(1):47–53. 
https://linkinghub.elsevier.com/retrieve/pii/S0929
693X08005101,doi :10.1016/j.arcped.2008.10.01
0 

36.Korada M, Pearce MS, Avis E, Turner S, 
Cheetham T. TSH levels in relation to gestation, 
birth weight and sex. Horm Res. 
2009;72(2):120–3. ,doi :10.1159/000232165 

37.Legakis I, Adamopoulos D, Stamatiou I, 
Gryparis A, Chrousos GP. Divergent Patterns of 
Thyrotropin and Other Thyroidal Parameters in 
Relationship with the Sex of Healthy Neonates 
and Infants Less than Two Years Old: A 
Longitudinal Study. Thyroid. 2019 Jul 
14;29(7):920–7. 
https://doi.org/10.1089/thy.2018.0134,doi :10.10
89/thy.2018.0134 

 
 
 
 
 
 
 
 
 
 


