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 Background: The reference ranges(RRs) in pediatric age group is difficult because of the continual 
physiological changes that occur during childhood period of life. 

Aims: The main objective of this study is to establish the RRs  for  Thyroid Stimulating Hormone(TSH) and Free 
Thyroxin (FT4) for healthy infants below age of one year in Nineveh province, Iraq, based on their sex and age. 

Materials and Methods: A cross-sectional study was conducted on one hundred twenty-four healthy infants 
(62males,62 females, age range from 2 days to 1 year) .The blood samples were collected at Ibn Al-Atheer 
Teaching Hospital,   from  October 2023 to April  2024  after obtaining ethical approval from the committee of 
Ethics at Nineveh Health Directorate, Nineveh, Iraq with the consent of their parents . They were divided into 
three groups: G1=0–14 days,G2= 15–30 days, and G3=1–12 months .Serum TSH and FT4 were analyzed using 
enzyme linked fluorescent assay method by Mini Vidas . 

Results:  The RRs were established using  a non-parametric method of statistical analysis of TSH and FT4. The  
RRs were determined using the 2.5% and 97.5 % percentiles, median, range and 95% CI of mean.  The mean 
TSH (µIU/ml) values of females G1 =7.19±6.81, G 2 =2.16±1.58 and G 3 =2.23±1.39 (p<0.01)and that for 
males groups G1=6.50±7.51, G 2=3.09±1.52 and G 3 =2.72±1.72 ,(p<0.01). The mean FT4(pmol/L) values of 
females G1=25.01±5.44, G 2=21.00±2.46 and G 3 =18.70±3.42 , (p<0.0001) and that for males 
G1=22.75±5.40, G 2 = 18.66±3.09 and G 3=19.42±3.53 , (p<0.009) for males groups. 

Conclusions. Higher mean values of  FT4 and TSH are noted in the (0-14 days) age group for both sex. No sex 
difference of mean TSH and FT4 across the three age groups. The 2.5th%-97.5th%  percentile for TSH of males 
obviously higher than that of females for  similar age groups, while the reverse of Ft4 is found.  

INTRODUCTION 

             The present study represents the first  study performed on pediatric in Nineveh province, Iraq which is 
a well-known area of iodine deficiency (1). This study enrolled  infants under one years of age, since they were 
the most vulnerable group that showed an alteration in  FT4 and TSH levels, which can impair growth and more 
particularly brain development(2). Insufficient iodine in diet is a community problem. The pregnant women are 
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the main  sectors of community affected by iodine status, as iodine is a main microelement share in the 
production of thyroid hormones (3).  In the first trimester of pregnancy, fetal brain development is entirely 
dependent on maternal thyroid function(4). Severe iodine deficiency during pregnancy leads to insufficient 
thyroid hormones production and permanent brain damage manifested as cretinism, which is still prevalent 
globally (5). Several studies in the pediatric population have established  RRs for thyroid hormones . There is a 
significant heterogeneity between studies due to differences in child age, ethnicity, anthropometric 
characteristics, and iodine status (6,7). Age-specific RRs for clinical laboratories are important because the 
physiological development of a healthy child from birth to adolescence results in varying concentrations of 
thyroid hormones in their blood. The European Thyroid Association guidelines (ETA) recommended the use of 
age-related reference values for the management of thyroid disorders since this age group carries a vital sequelae 
when delayed in diagnosis (8).  

MATERIALS & METHODS 

1. Study design 
         A cross sectional study was conducted on one hundred twenty-four healthy infants (62males,62 females, 
age range from 2 days to 1 year) in Nineveh province at Ibn Al-Atheer Teaching Hospital from October 2023 
to April  2024  After getting verbal and written consent of their parents. The infants were categorized into three 
age groups (G 1:2–14 days, G2:15–30 days andG3: 1–12 months). 

           The enrolled infants should have normal thyroid function with no family of any thyroid disorders or 
medications that affect thyroid functions. Premature babies, gestation below 37 weeks and babies who is obese 
or undersized are excluded from this study.  

1. Samples collection: 

   Serum TSH and FT4 were measured using  the enzyme-linked fluorescent immunoassay (ELFA) by mini 
vidas (Biomerieux), .Approximately 4 mL of venous blood was drawn, centrifuged for 10 min at 3000 rpm. 
Serum samples were stored at -20 °C  until analyzed. The detection limit of TSH kit is 0.05 μIU/ml with RR 
(0.24-5.4 µIU/ml)and that for FT4 is (1pmol/L) with RR (9-20 pmol/I).  

Statistical Analysis 

             All data are analyzed in a computer using IBM SPSS for Windows version 26.0 (SPSS software, 
Chicago, ILL). The Kolmogorov-Smirnov test was performed to assess the distribution of serum TSH and FT4 
concentrations and their variance between groups of children, by age and sex. Because the non-normally 
distributed data , non-parametric Kruskal-Wallis test  and Mann–Whitney were performed to show the 
difference when ever needed. P values ≤ 0.05 were considered significant(9) . 

Results 

              Table (1) shows that  no significant difference  between the number of females and males for G1,G 2 
and G3. Similarly , no significant difference  between the mean age of males and females for all groups. Table 
(2) shows a highly significant difference (p<0.01) among mean TSH(µIU/ml)  of  G 1 (6.50±7.51), G 2 
(3.09±1.52) and G 3 (2.72±1.72) for males and  (p<0.01) among mean TSH of G 1 (7.19±6.81), G 2 (2.16±1.58) 
and G 3 (2.23±1.39)for females. No significant difference of mean TSH shown between males and females of 
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each age group. The  G 1 had a significantly higher (2.5th% - 97.5th% ) percentile  for each sex than the other 
age groups. The level of TSH decreases as age increases. 

            Table (3) shows a highly significant difference (p<0.009) among mean FT4(pmol/L)   of G 
1(22.75±5.40), G 2 (18.66±3.09) and G 3 (19.42±3.53) for males and  (p<0.0001) among mean FT4(pmol/L)   
of G 1(25.02±5.44), G 2 (21.00±2.45) and G 3 (19.03±3.46)for females. No significant difference of mean FT4 
shown between males and females of each age group. The  G 1 had a significantly higher (2.5th% - 97.5th% ) 
percentile  for each sex than other age groups moreover,  the (2.5th% - 97.5th% ) percentiles of females are 
higher than that of males for each age group. The level of FT4 decreases as age increases. 

Table (1) Gender distribution according to age groups 

G3 G 2 G 1 Parameters 

27 (43.5%) 10 (16.1%) 25 (38.5%) Male no.(%) 

33 (53.2% 13 (21.0%) 16 (25.0% Female 

60 (48.4%) 23 (18.5%) 41 (31.8%) Total 

0.4 0.7 0.3 P-value* 

5.40±4.15 0.80±0.21 0.19±0.12 Male Mean age ±SD 

(month) 
4.57±2.62 0.72±0.16 0.13±0.08 Female 

4.96±3.43 0.75±0.20 0.14±0.11 Total 

0.3 0.4 0.1 P-value** 

2-11 0.50-1.00 0.07-0.46 Male Range 

(month) 
1-11 0.53-1.00 0.07-0.33 Female 

1-11 0.50-1.00 0.07-0.46 Total 

P-value* by Z-test. 

P-value** by Mann–Whitney test. 

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

P-value* Group3 Group 2 Group 1 TSH Parameters 

0.01 2.72±1.72 3.09±1.52 6.50±7.51 Male Mean TSH (μIU/ml) ±SD 
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0.01 2.23±1.39 2.16±1.58 7.19±6.81 Female 

0.0001 2.45±1.55 2.57±1.59 6.77±7.16 Total 

 0.2 0.1 0.7 P-value** 

2.07 3.02 3.99 Male Median 

2.03 1.81 4.60 Female 

2.05 3.02 4.50 Total 

0.80-6.30 1.12-4.91 1.78-38.17 Male Range 

0.57-5.85 0.26-4.26 1.06-25.41 Female 

0.57-6.30 0.26-4.91 1.06-38.17 Total 

0.82-6.29 1.12-4.91 1.78-31.25 Male 2.5th % -97.5th % percentile 

0.61-5.78 0.26-4.26 1.06-20.52 Female 

0.80-6.00 0.26-4.91 1.06-24.71 Total 

2.04-3.40 2.00-4.17 3.40-9.60 Male 95% CI for mean 

1.74-2.73 1.21-3.12 3.56-10.82 Female 

2.05-2.85 1.88-3.25 4.51-9.03 Total 

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

 

Table (2) Different parameters of FT4 (pmol/L) of both gender for age groups 

P-value* Group3 Group 2 Group 1 FT4 Parameters 

0.009 19.42±3.53 18.66±3.09 22.75±5.40 Male Mean FT4 (pmol/L). ±SD 

0.0001 18.70±3.42 21.00±2.45 25.02±5.44 Female 

0.0001 19.03±3.46 19.98±2.93 23.64±5.46 Total 
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 0.4 0.06 0.1 P-value** 

20.39 19.38 23.07 Male Median 

17.71 19.80 25.24 Female 

18.52 19.80 24.15 Total 

12.95-25.51 13.91-22.68 13.57-34-87 Male Range 

13.43-27.25 18.28-24.60 14.20-36.80 Female 

12.95-27.25 13.91-24.60 13.57-36.80 Total 

13.06-25.28 13.91-22.64 13.68-34.85 Male 2.5th % -97.5th % percentile 

13.96-25.79 18.28-24.53 14.20-31.62 Female 

13.47-25.16 13.91-24.56 13.98-34.86 Total 

18.03-20.82 16.45-20.87 20.52-24.98 Male 95% CI for mean 

17.48-19.92 19.52-22.49 22.12-27.92 Female 

18.13-19.92 18.71-21.25 21.91-25.36 Total 

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

Discussion 

                    Primary hypothyroidism is identified as elevated serum TSH with low FT4 (10). TSH surge shortly 
after birth as a response to the detachment from the placenta and the change in thermal environment (11–14). 
Consequently, establishing the RRs for thyroid hormones during neonatal period of life is essential. The 
American Academy of Pediatrics (AAP) recommends  measuring serum TSH and free T4 as a screening work 
for early diagnosis and monitoring primary hypothyroidism (15).  

                      Thyroid function RRs in the pediatric population have been determined by several researches from  
a long time . In the 2012 up to this time the Canadian Laboratory Initiative on Pediatric Reference Intervals 
(CALIPER) has established age-sex specific RRs for thyroid hormones using different immunoassay methods 
(16–21) . Chemiluminescence immunoassay (CLIA) method is the principle in the ( Beckman Coulter, Abbott 
Architect i2000, Siemens Atellica and Ortho Vitros) and electrochemiluminescence immunoassay  (ECLIA) by 
Roche cobas. 

                        

                    The range for TSH (µIU/ml) in this study exhibited much more fluctuation in  males than females 
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specially in the  first month of life. The male range variable from (1.78-38.17 ) to (1.12-4.91) and that of  females 
from (1.06-25.41) to (0.26-4.26) Table( 2) . Such variation can be explained by the slower neural development 
occurring in males or to unknown biological or environmental factors (22,23). This result was in accordance 
with Omuse et al. 2023 who collected  TSH and FT4 data between March 2020 and June 2021 in  Aga Khan 
University Hospital, Nairobi for neonates aged 2-30 days . Samples were analyzed by using chemiluminescence  
immunoassay method  by Siemens Atellica® IM analyzer (24).They reported  median for TSH(µIU/ml) of 
males was 2.308 and for females was 1.976.  A similar conclusion  has been described in Western Australia, by 
Hadlow et al.(25).  They collected TSH and FT4 data between January 1, 2000–December 31, 2011. The median 
TSH was higher in males than in females though children below 1 year of age  

         A similar conclusions were stated by  Kapelari et al , 2008 who  conducted a study in Innsbruck, Austria  
showed that the level of thyroid hormones changed significantly during childhood, and the adult RRs are not 
universally applicable to children(26) , the reported (2.5th -97.5th)% percentile of TSH(µIU/ml)  for  0 – 1 
months were (0.70-18.10), 1-12 months were (1.12-8.21) and for 1-5 years were (0.80-6.26) . The reported 
(2.5th -97.5th)% percentile of  FT4(pmol/L) for  0-1 month,1-12 months and 1-5 years were (8.50-30.50), (9.17-
25.28)and(10.45-22.35) respectively.  

        As shown in Table (2 and 3)   no significant difference of mean TSH and FT4 of males and females  of 
each age group .This was in agreement with Wong et al(27) from  Electronic medical records from September 
2016 -March 2017 were retrospectively reviewed 633 infant's data of TSH and FT4  aged 14–30 days. TSH and 
FT4 were analyzed using immunoassay analyzer Dxl 800, Beckman Coulter. Mean FT4 (SD) for females was 
15.7(2.50) (pmol/L) and for males was 15.6(2.41) (pmol/L), Median TSH for males  4.60(µIU/ml) and for 
females was 4.67 (µIU/ml).    

Conclusions 

                     Higher mean values of  FT4 and TSH are noted in the (0-14 days) age group for both sex with a 
decline of  the  mean TSH and FT4 as the age increased . No sex mean difference of FT4 and TSH are seen  
across the three age groups. The 2.5th%-97.5th%  percentile for TSH of males obviously higher than that of 
females for similar age groups, while the 2.5th%-97.5th%  percentile of FT4 for females are higher than that of 
males for similar age groups. 
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