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   Abstract 

  Background:  Establishment of reliable reference intervals 
remains valuable for confi rming validity and advancing 
standardization across methods and populations. Moreover, 
knowledge of the measurement uncertainty (U) and of the 
reference change value (RCV) has important applications in 
clinical chemistry. 
  Methods:  Starting from the information available in the lab-
oratory data base (29,901 subjects) an initial selection was 
carried out by eliminating all subjects with a clinical or labo-
ratory pathological report; data from 7581 0- to 20-year-old 
subjects (53.87 %  girls) remained in the study. These subjects, 
divided into nine age groups, were used to defi ne reference 
distribution percentiles (2.5th, 50th and 97.5th) of serum thy-
rotropin (TSH), triiodothyronine (T3), thyroxine (T4), and 
free T4 (fT4), as well as U and RCV of these assays. 
  Results:  In early infancy, T4 and fT4 values were higher than 
in the older age groups. Serum T4 95th percentile reference 
value, useful for the diagnosis of hyperthyroidism, was 142.9 in 
20-year-old boys and 230.4 nmol/L in early infants and serum T3 
95th percentile was 2.6 and 3.5 nmol/L, respectively, while fT4 
2.5th percentile reference value, useful for the diagnosis of hypo-
thyroidism, was 9.6 and 13.0 pmol/L, respectively. Serum TSH 
97.5th percentile showed less age variation, 4.38 – 4.88 mIU/L. 
Performance of the four assays resulted in approximately 20 %  
Us, refl ecting simple and complex imprecision, trueness, ana-
lytical and functional sensitivity. RCV of serum TSH (58.6 % ) 
was larger than for thyroid hormones (28.3 %  – 34.7 % ), probably 
due to the high biological variation of this hormone. 
  Conclusions:  We have established reference interval for TSH 
and thyroid hormones, as well as Us for assessing reliability 
of measurements, and RCVs to alert users on the presence of 
clinical signifi cant changes.  

   Keywords:    Abbott AxSYM assays;   measurement uncer-
tainty;   pediatric reference interval;   reference change value; 
  serum thyroid hormones.     

  Introduction 

 Thyroid hormones infl uence almost all aspects of normal 
development during childhood and adolescence. Primary care 
pediatricians tend to evaluate thyroid function as a screen-
ing test in children and adolescents with various non-specifi c 
complaints. Overt abnormalities in thyroid function are com-
mon endocrine disorders affecting 5 %  – 10 %  of individuals 
over a lifespan  (1) . Clinical symptoms and signs are often 
non-specifi c, and the diagnosis and monitoring of therapy 
depends crucially on measurements of thyroid hormones 
[triiodothyronine (T3), total thyroxine (T4), free T4 (fT4) 
and thyrotropin (TSH)] in blood  (2) . 

 Reference intervals are necessary for understanding labo-
ratory results in individuals or in diagnosis-related groups. 
The different types of assays often lead to results that may 
vary considerably. Reference intervals are described in a few 
published studies but given the relatively frequent and impor-
tance of thyroid function testing, establishment of reliable 
reference intervals remains valuable for confi rming validity 
and advancing standardization across methods and popula-
tions  (3 – 6) . 

 The application of ISO/IEC 15189 (International 
Organization for Standardizations ’ s Technical Committee 
212) for accreditation of clinical laboratories requires the 
knowledge of the measurement uncertainty (U). U is the inter-
val of possible values among which the true value is placed 
with a high degree of probability; there is no agreement, 
whether it is more convenient to report results only as ranges 
or to include U, as additional data in analytical reports  (7) . 

 Reference change value (RCV) is a term that expresses 
the difference that has to be observed for a change of patient 
values, to be considered clinically important. RCV includes 
analytical variations, depending on assays, and biological 
variations. Data on the biological variations of analyte con-
centration have important uses in clinical chemistry, including 
judging the usefulness of conventional population-based ref-
erence ranges  (8) , assessing the true signifi cance of changes 
in results obtained for serial specimens from a single patient, 
and determining the standards of performance, or analyti-
cal goals, required to facilitate optimal patient care. Even 
though optimal analytical goals are desirable, they are seldom 
reached in clinical practice, and assay performances similar to 
ours are usually reported  (9) . 
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 In this study, we have established reference interval for 
serum thyroid hormones and TSH, as a function of age (0 – 20 
years), in a pediatric and adolescent population, and we have 
calculated U and RCV for these determinations as useful tools 
in the interpretation of results of thyroid function studies.  

  Materials and methods 

  Subject selection and blood sampling 

 The data base of the endocrinology laboratory of Garrahan Pediatric 
Hospital of Buenos Aires includes laboratory data, pharmaceutical 
and clinical information. The study was approved by the Hospital de 
Pediatria Garrahan Internal Review Board. Between 2003 and 2007, 
thyroid function (serum TSH, T3, T4, fT4), anti thyroid antibodies 
(in some cases anti thyrotropin receptor antibodies), was studied in 
29,901 children and adolescents of the two sexes, from birth to 20 
years of age, attending the outpatient clinic. Blood was drawn by ve-
nipuncture into serum tubes without additives. Serum was obtained 
by centrifugation at 2000  g  over 10 min, and assays were carried 
out within the day of sampling. In many patients, results of non-
thyroid hormones and routine laboratory determinations (hemogram, 
cholesterol, triglycerides, urea, creatinine and tests for hepatic func-
tion) were available. To eliminate abnormal values several selection/
exclusion criteria were applied. Initially, all subjects with any clinical 
diagnosis in hospital records, either at admission or during follow-up 
(51.2 % ), were excluded. Subjects with altered non-thyroid hormone 
laboratory records were also eliminated: abnormal routine laboratory 
determinations (11.07 % ) or other hormone assays (7.23 % ), as well 
as altered TSH-TRH tests or positive thyroid antibodies (3.59 % ). 
Serum thyroid hormone and serum TSH outlier results (1.556 % ) 
were detected by MedCal software, following the recommendation 
of the International Federation of Clinical Chemistry and Laboratory 
Medicine (IFCC)  (10) . The interquartile range (IQR) between the 
lower and upper quartiles of distribution (Q 1  and Q 3 ) was estimated 
(IQR   =   Q 3   –  Q 1 ) for the four determinations. Outliers were identifi ed as 
any data outside of: Q 1  – 1.5   ×   IQR and Q 3  + 1.5   ×   IQR. For serum TSH 
a logarithmic transformation of data was necessary (see Statistical 
analyses). Analyses were assessed including interaction terms, i.e., 
an outlier value in a single determination resulted in the elimination 
of all assays for that particular subject. Data from 7581 (25.354 % ) 
children (girls: 53.87 % ) remained in the study. Age grouping criteria 
was to choose shorter age intervals during the fi rst year of life and 
3-year intervals throughout the rest of prepuberty and adolescence. 
Age distribution and number of subjects were as follows: 1 week – 2.9 
months (mo): 241 (girls: 47.12 % ); 3 – 5.9 mo: 144 (girls: 48.12 % ); 
6 – 11.9 mo: 274 (girls: 49.17 % ); 1 – 2.9 years (y): 849 (girls: 49.85 % ); 

3 – 5.9 y: 977 (girls: 49.96 % ); 6 – 8.9 y: 1266 (girls: 54.60 % ); 9 – 11.9 
y: 1493 (girls: 55.29 % ); 12 – 14.9 y: 1256 (girls: 57.60 % ); and 15 –
 19.9 y: 1081 (girls: 56.87 % ).  

  Assay methods 

 Undiluted serum samples were assayed for T3, T4, fT4 and TSH using 
an automated assay system (Abbott AxSYM, Abbott Diagnostics, 
Abbott Park, IL, USA). T3, fT4 and TSH were assessed by micropar-
ticle enzyme immunoassay (MEIA) and T4 by fl uorescence polariza-
tion immunoassay (FPIA). 

 Assay performance was studied according to the Clinical and 
Laboratory Standard Institute (CLSI) evaluation protocols (EP): 
EP15 A2 (user demonstration of performance for precision and ac-
curacy), EP6 A2 (evaluation of the linearity of quantitative methods), 
and EP17 A2 (protocol for determination of analytical sensitivity 
and functional sensitivity). All verifi cations were acceptable, and are 
shown in Table  1  . 

 Total error (TE) of each assay was estimated as TE    =    bias  +  
1.65 times coeffi cient of variation (CV) % . All values were below 
Allowable Total Error (Table  2  ). Bias was calculated from an external 
quality control system (CEMIC, Progba, Buenos Aires, Argentina).  

  Quality assessment 

 The clinical endocrinology laboratory where the measurements 
were performed participates in a National Quality Award program 
(Argentina). Parameters were controlled and results were document-
ed and evaluated using a peer group internal quality control program 
(Unity, Bio-Rad Laboratories, Irvine, CA, USA), and an external 
quality control system (CEMIC). During evaluation of reference in-
tervals, the internal control was assessed by Westgard rules  (11) . Bias 
was estimated comparing with a mean of the external quality control 
program, and it was taken as our best estimate of trueness.  

  Measurement uncertainty and reference change value 

 Percentage U was estimated by the  “ Top Down ”  method as proposed 
by the Analytical Methods Committee  (7, 12) , where: 

  % U    =    measurement uncertainty (or expanded uncertainty)    =    
standard combined uncertainty (Uc) times k 

 k    =    2 for 95 %  confi dence interval, and Uc   =    (U 2  precision  +  U 2  
trueness)  ½   

 U precision    =     % CV; U trueness    =    [(peer group  % CV/
(n laboratories)½) 2   +  (bias 2 )]½    . 

 RCV was calculated according to Harris & Brown  (8, 13) : 
 RCV    =    2½     Z·[(CVa) 

2   +  (CVi) 
2 ]½ where Z: 1.96 for 95 %  confi dence 

interval. 

 Table 1      Assay performance.  

TSH T3 T4 fT4

Simple precision   3.43 – 5.05 %   3.46 – 8.22 %   2.46 – 5.14 %   2.63 – 5.19 % 
[intraassay (within run) CV] (0.25 – 6.00) mIU/L (1.1 – 3.1) nmol/L (77.2 – 154) nmol/L   (9.0 – 38.6) pmol/L
Complex precision [interassay (run to run) CV]   8.25 %   9.01 %   8.9 %   9.63 % 
Bias   5.73 %   3.75 %   2.85 %   3.76 % 
Linearity Up to 100 mIU/L Up to 7 nmol/L Up to 308.9 nmol/L Up to 51.5 pmol/L
Analytical sensitivity   0.02 mIU/L   0.1 nmol/L   8.23 nmol/L   1.3 pmol/L
Functional sensitivity   0.06 mIU/L   0.2 nmol/L   14.4 nmol/L   3.4 pmol/L

   To convert thyroid hormone values to metric units use the following factors. T3 nmol/L  ÷  1.538: T3 ng/mL; T4 nmol/L  ÷  12.87: T4  μ g/dL and 
fT4 pmol/L  ÷  12.87: fT4 ng/mL.   
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 RCV    =    2.77·[(CVa) 
2   +  (CVi) 

2 ]½ 
 CVa is the analytical coeffi cient of variation, and CVi the bio-

logical variability coeffi cient, obtained from Westgard web page 
( www.westgard.com ).  

  Statistical analyses 

 For patient inclusion, we eliminated the outlier ’ s results using 
MedCal software, if one result was an outlier, the patient was elimi-
nated from the database. Since, serum TSH has non-normal distri-
bution; logarithm transformation was used for normalization before 
outlier testing. 

 Percentiles and regression coeffi cients were calculated with the 
Statistic 9 program. In accordance with the IFCC  (14) , the range 
between the 2.5th and the 97.5th percentile was taken as the ref-
erence interval. The 50th percentile was taken as the center of 
distribution.   

  Results 

  Fiftieth percentile and reference interval 

 We analyzed a total of 7581 children, who were sub-grouped 
according to age (Table  3  , Figure  1  ). Since no signifi cant dif-
ference was found between the means and ranges of thyroid 
hormones and TSH concentrations in age-matched male and 
female subjects, data of the two sexes were combined for the 
calculation of percentiles. 

 In the neonatal period, the 2.5th, 50th and 97.5th percentile 
concentrations of serum T4, T3, fT4 and TSH showed some 
fl uctuations. T4 and fT4 values were higher than in the older 
age groups. As previously reported  (15) , TSH (p   <   0.001), T3 

 Table 2      Total error.  

TSH T3 T4 fT4

CV,  % , times 1.65    8.32 13.56    8.48    8.56
Bias,  %    5.73    3.75    2.85    3.76
Total error,  % 14.05 17.31 11.33 12.32
Allowable total error,  % 24.60 27.03 20.00 23.70

(p   <   0.0001), T4 (p   <   0.0001) and fT4 (p   <   0.001) decreased sig-
nifi cantly with chronological age. At the level of higher and 
lower limits, which are of particular clinical interest, some 
values showed marked variation with age. The 97.5th percen-
tile reference value of serum T4, useful for the diagnosis of 
hyperthyroidism, is 142.9 nmol/L (11.1  μ g/dL) in 20-year-old 
boys and 230.4 nmol/L (17.9  μ g/dL) in early infants, while 
the 2.5th percentile reference value of fT4, useful for the 
diagnosis of hypothyroidism, is 9.6 pmol/L (0.75 ng/dL) and 
13.0 pmol/L (1.01 ng/dL), respectively. 

 As shown in Table  4  , performance of the four assays 
resulted in Us of approximately 20 % , indicating that in terms 
of simple and complex imprecision, trueness, analytical and 
functional sensitivity these assays are suitable for measuring 
T4, T3, fT4 and TSH in children ’ s serum. 

 RCV of serum TSH (58.6 % ) was larger than for thyroid 
hormones (28.3 %  – 34.7 % ), probably due to the high biologi-
cal variation of this hormone (Table 3). As a conclusion from 
these data, the highest serum TSH value within the reference 
interval, which might be considered  “ non-elevated ”  after 
accounting for the analytical and biological variability (RCV), 
would be, for the different age groups, as follows: 1 w – 3 mo: 
2.57;    >   3 mo – 6 mo: 2.48;    >   6 mo – 12 mo: 2.53;    >   1 y – 3 y: 
2.55;    >   3 y – 6 y: 2.57;    >   6 y – 9 y: 2.78;    >   9 y – 12 y: 2.79;  
  >   12 y – 15 y: 2.72 and    >   15 y – 20 y: 2.86 mIU/L.   

  Discussion 

 Data on results of serum thyroid hormones and TSH in chil-
dren and adolescents are limited  (16, 17) . In the last years, 
studies based in computerized databases have demonstrated 
to be useful in the assessment of populations  (18 – 20) . The 
present study used data of 29,901 children and adolescents of 
the two sexes, from birth to 20 years of age, in whom thyroid 
function was studied. Patients with clinical and/or laboratory 
altered records were excluded, and patients with one outlier 
result of any serum thyroid hormone or TSH were eliminated 
from the database; data of 7581 children and adolescents 
remained in the study, and they were divided in age groups. 

 Table 3      Percentiles (2.5th, 50.0th, 97.5th) of serum TSH, T3, T4 and fT4 concentration per age group.   

Age, n TSH,  μ IU/L mIU/L T3, nmol/L T4, nmol/L fT4, pmol/L

2.5th 50th 97.5th 2.5th 50th 97.5th   2.5th   50th   97.5th   2.5th 50th 97.5th

  1 w – 3 m (241) 0.92   2.30   4.38 1.4   2.4   3.5 91.4 150.6 230.4 13.0 17.2 26.8
     >   3 m – 6 m (144) 0.79   2.24   4.23 1.6   2.7   3.7 96.5 146.7 216.2 11.6 16.3 23.3
     >   6 m – 12 m (274) 0.84   2.37   4.31 1.6   2.6   3.5 81.1 131.3 203.4 11.1 16.2 24.4
     >   1 y – 3 y (849) 0.97   2.46   4.35 1.5   2.6   3.5 86.2 132.6 186.6 11.4 16.3 24.8
     >   3 y – 6 y (977) 0.97   2.49   4.38 1.6   2.5   3.4 88.8 127.4 173.8 12.0 16.6 25.0
     >   6 y – 9 y (1266) 0.82   2.36   4.74 1.5   2.4   3.3 86.2 124.8 164.7 11.7 16.2 24.6
     >   9 y – 12 y (1493) 0.88   2.53   4.76 1.3   2.3   3.2 82.4 118.4 158.3 10.9 16.0 25.2
   >   12 y – 15 y (1256) 0.88   2.28   4.65 1.2   2.1   3.1 81.1 106.8 150.6 10.4 14.9 24.7
   >   15 y – 20 y (1081) 0.71   1.86   4.88 1.1   1.8   2.6 78.5 106.8 142.9   9.6 14.8 25.0

   m, months; w, week; y, years. To convert thyroid hormone values to metric units use the following factors: T3 nmol/L  ÷  1.538: T3 ng/mL; 
T4 nmol/L  ÷  12.87: T4  μ g/dL and fT4 pmol/L  ÷  12.87: fT4 ng/mL.   
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 Table 4      Evaluation of serum TSH, T3, T4 and fT4, U and RCV.  

TSH T3 T4 fT4

U (precision)   =    % CV a   8.25   9.01   8.97   9.63
Peer group  % CV   9.50 13.70   9.90 10.90
n 36 14 16 33
 %  Bias  – 5.51   0.82   1.42   3.24
 %  U (bias)   5.73   3.75   2.85   3.76
Combined U 10.05   9.76   9.41 10.34
 %  U 20.09 19.52 18.83 20.67
 %  CVi 19.30   8.70   4.90   7.60
 %  RCV 58.60 34.69 28.31 33.98

   Combined U, U(precision) combined with U(trueness); CV a , analyti-
cal coeffi cient of variation; CV i , biological coeffi cient of variation; 
n, number of laboratories participating in the Peer Group Program; 
peer group  % CV, peer group coeffi cient of variations;  % RCV, ref-
erence change value;  % U, measurement uncertainty (or expanded); 
U, uncertainty.   
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 Figure 1    Reference values as a function of age, (----) 2.5th and 97.5th, (—–) 50.0th percentiles.    

 As published by Ermlinger et al.  (3)  for the German popu-
lation, serum TSH, T4, fT4, and T3 in the fi rst years of life are 
higher than in the rest of prepuberty and during adolescence. 
Our values of TSH and T4 were somewhat higher at all ages 
tested, while those of fT4 and T3 were similar. These differ-
ences might be explained by population differences, stressing 
the need for using references values for each population. The 
method we used for sample selection might explain a higher 
age range of our results, but the high number of subjects 
contributes to the robustness of our study. The dissociation 
between serum T4 and fT4 profi les with advancing child age 
(steeper T4 decrease) might be secondary to differences in 
serum thyroxine binding globulin (TBG), which increases 
with age up to 5 years old. It is possible that this induces an 
increment in TBG-bound T4 keeping fT4 relatively stable 

during the rest of prepuberty. Decreases in both serum TBG 
 (3)  and T4 are observed during puberty, while fT4 remains 
moderately changed. 

 The serum concentration of thyroid hormones and TSH 
are important for the assessment of thyroid function and for 
differential diagnoses in non-thyroid complaints. There is 
strong evidence supporting the convenience that patient val-
ues and reference intervals should belong to the same popula-
tion under study  (19) . From the age of 1 year onwards, mean 
concentrations of thyroid hormones did not show signifi cant 
differences among age groups, until puberty, thereafter show-
ing a gradual decrease towards adult concentrations, both at 
the level of the highest (97.5th percentile) and lowest limits 
(2.5th percentile), which are of clinical interest; some values 
showed marked variation with age, and these limits are use-
ful for the diagnosis of hyperthyroidism or hypothyroidism, 
respectively. 

 The distribution of TSH serum values is not Gaussian  (21) , 
the 50th percentile varied between 1.86 and 2.53 mIU/mL and 
the tail end of the upper limit (97.5th percentile) between 4.23 
and 4.88 mIU/mL. This peculiar distribution of serum TSH 
has generated a long debate to defi ne normal values. Different 
authors have proposed higher limits for diagnosing thyroid 
disease  (18, 22, 23) . Our data does not support this proposal. 

 During the study, all the assays passed successfully evalu-
ation by a peer group internal quality control program and by 
an external quality control system. 

 U has two components, uncertainty relative precision and 
uncertainty relative trueness. Uncertainty relative precision 
is the reproducibility within the laboratory, and is usually 
expressed as the mean of the percentage coeffi cient of variation 
determined during at least 6 months. Our assays were success-
fully validated by the internal quality control program for more 
than 6 months; even though in this period, different operators, 
reagent lots and calibrations were used. Uncertainty relative 
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trueness is linked to reproducibility between laboratories. We 
used the bias obtained from the Peer Group Internal Quality 
Control program. Bias was added as a component of the peer 
group coeffi cient of variation of the participating laboratories. 

 Defi ning uncertainty is a requirement of the ISO/IEC 
15189, since this is essential information of every analytical 
platform. Uncertainty refl ects assay performance, the higher 
the uncertainty the poorer the assay. It also incorporates the 
concept that a reported value is not an absolute truth but a 
range of values. This is particularly important in the extremes 
of the reference distribution. There is not an agreement if it 
is necessary to inform results as a range or just to include the 
uncertainty as additional information in analytical reports. We 
consider our U was acceptable for the four assays, because 
it was obtained from assays with acceptable performance 
according to CLSI norms. 

 RCV is a term that expresses the difference that has to 
be observed, such as a change of patient values, to consider 
it clinically important. It is not only depending on analyti-
cal causes. To defi ne it, we used the equation described by 
Harris and Brown  (13)  which has two components, mean 
of analytical CV, obtained from an internal quality control, 
and coeffi cient of biological variability obtained from tables 
(Westgard home page: www.westgard.com). This is the fi rst 
time that results of thyroid hormones and TSH are presented 
with this type of controls, for this analytical platform. This 
is useful in the analytical laboratory, not only to check on 
possible reasons for analytical differences and to control for 
pre- or post-analytical errors, but also as an alert indicator to 
confi rm that a change is outside biological variations  (24) . 
Even though our results are only applicable to our analyti-
cal platform, variations are similar to that reported by other 
laboratories and they can be used as a general guide. In our 
assays, serum thyroid hormone  %  RCV was 34.69 % , 28.31 %  
and 33.98 %  for T3, T4, and fT4, respectively. The relatively 
high value of 58.60 %  for TSH  %  RCV is explained by the 
high biological variation of serum TSH (19.30 % ), and high-
lights the need to evaluate other thyroid hormones, and other 
parameters, when a TSH value is in the limits of the refer-
ence interval. 

 In conclusion, we have established reference interval for 
TSH, T3, T4, and fT4 in our population that will be useful 
for an appropriate interpretation of individual serum con-
centrations in children and adolescent patients with thyroid 
disorders and/or belonging to diagnosis-related groups. To 
consider U for thyroid hormones and TSH is useful in assess-
ing reliability of measurements of analytical procedures in 
the laboratory, and to know RCV is useful to alert laboratory 
professionals and physicians that a clinical signifi cant change 
has taken place in a particular patient test result.     
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