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Determination of pediatric reference levels of FT3, FT4 and
TSH measured with ECLusys kits
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Abstract. Reference ranges for serum thyroid hormones free triiodothyronine (FT3), free thyroxine (FT4) and thyroid
stimulating hormone (TSH) in children were set using the assay kits currently used in clinical settings. A total of 342
children (111 males and 231 females) who were negative for antithyroid antibodies (TgAb, TPOAb) and were found to
have no abnormalities on ultrasonographic examination of the thyroid gland were divided into 6 age groups: 4-6 years (45
children), 7-8 years (40), 9-10 years (53), 11-12 years (65), 13-14 years (83), and 15 years (56) for the study. FT3, FT4 and
TSH levels were determined by electrochemiluminescence immunoassay (ECLIA) (ECLusys FT3, FT4 and TSH).The
reference range for FT3 (pg/mL) was 2.91-4.70 for the age group of 4-6 years, 3.10-5.10 for the age group of 7-8 years,
3.10-4.87 for the age group of 9-10 years, 2.78-4.90 for the age group of 11-12 years, 2.77-4.59 for the age group of 13-14
years, and 2.50-4.64 for the age group of 15 years . The reference range for FT4 (ng/dL) was 1.12-1.67, 1.07-1.61, 0.96-
1.60, 1.02-1.52, 0.96-1.52, 0.95-1.53. The reference range for TSH (nU/mL) was 0.62-4.90, 0.53-5.16, 0.67-4.52, 0.62-
3.36, 0.54-2.78, 0.32-3.00. Serum FT3, FT4 and TSH levels in children differ from those in adults. It is, therefore, of
importance to perform evaluation of thyroid function in children using reference values appropriate for the chronological
ages, because misdiagnosis of hypothyroidism or inappropriate secretion of TSH (SITSH) and oversight of mild subclinical

hypothyroidism could occur if the diagnosis is made using reference values for adults.
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IT IS ESSENTIAL to establish reference ranges for
pediatric age groups to diagnose abnormalities of thy-
roid function in children. In Japan, reference ranges
for thyroid hormones free triiodothyronine (FT3) and
free thyroxine (FT4) as determined by radioimmunoas-
say (RIA) and reference ranges for thyroid stimulating
hormone (TSH) as determined by immunoradiometric
assay (IRMA) have been reported [1, 2], even though
they have been derived from assays of rather small sam-
ple sizes. Subsequently, a large-scale study was con-
ducted in 1996 by a Pediatric Reference Range Study
Group and reference ranges for pediatric age groups
were reported [3]. More than one and half decades
have elapsed since then, and reference ranges based
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on assays with currently used kits are being sought.
However, it is difficult, for various reasons, to set ref-
erence ranges for the thyroid hormones. This report
describes the setting of reference ranges for FT3, FT4
and TSH by us using samples collected from subjects
diagnosed as having currently normal thyroids.

Subjects and Methods

Subjects

Of the 3210 children and adolescents aged up to 15
years old who were initially examined at the Ito Hospital
between January 2003 and June 2012, 342 (111 males
and 231 females) fulfilling the following criteria were
enrolled in this study: absence of goiter palpable by a
physician with rich clinical experience in the diagno-
sis/management of thyroid disorders; no thyroid nod-
ules, including micronodules, and normal thyroid pat-
terns, free of abnormalities such as thyroid enlargement,
atrophy or abnormal echogenicity, as defined by the
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Japan Society of Ultrasonics in Medicine, on ultrasound
examination of the thyroid gland [4]; serologically
negative for antithyroid antibodies (TgAb, TPOAD).
Subjects with congenital anomalies of the thyroid gland
or with a current/past history of disorders of the thyroid
gland were excluded. The chief complaints at the ini-
tial visit consisted of: concern about thyroid disease in
143 subjects because of the presence of a thyroid disor-
der in a family member(s) in 70 subjects, and because of
information gained from mass media or acquaintances
despite the absence of a significant family history in 73
subjects; neck swelling pointed out by someone else,
or detected at the time of a physical checkup or exami-
nation at another institution in 123 subjects; symptoms
indicative of thyroid dysfunction in 51 subjects; refer-
ral from a previous clinic where the subject was found
to show thyroid function values deviating from the ref-
erence ranges for adults in 13 subjects; discomfort in
the neck in 4 subjects; symptom(s) of apparently other
source than the thyroid in 8 subjects. Of the 342 sub-
jects, 100 gave a family history of thyroid disorders in
the parents, including chronic thyroiditis (24 cases),
Basedow’s disease, including remitted disease (66
cases), nodular goiter (9 cases, including 2 malignant
cases), and diffuse simple goiter (1 case), while the par-
ents of the remaining 242 subjects had no thyroid disor-
ders. As for the age distribution, 9 subjects were 4 years
old, 16 were 5 years old, 20 were 6 years old, 18 were 7
years old, and 22 were 8 years old. As subjects aged 4 to
8 years were rather few, they were further divided into
two groups: the 4-6 years age group and the 7-8 years
age group. Thus, the study population was divided into
6 age groups: 4-6 years (45 children), 7-8 years (40),
9-10 years (53), 11-12 years (65), 13-14 years (83),
and 15 years (56). As for FT3, determination of which
has been carried out with the presently used assay sys-
tem since May 2004, the study population consisted of
children in the 4-6 years (44 children), 7-8 years (40),
9-10 years (52), 11-12 years (64), 13-14 years (79), and
15 years (55) age group. Scattergrams of the subjects
in the 6 age groups by the FT4 and TSH values were
drawn up, where outliers were excluded by the rejection
test. Eventually, this study was performed on a total of
324 children (104 males and 220 females) divided into
6 age groups, as follows: for FT3, 4-6 years (43 chil-
dren), 7-8 years (39), 9-10 years (51), 11-12 years (61),
13-14 years (72), and 15 years (50); for FT4 and TSH,
4-6 years (43 children), 7-8 years (39), 9-10 years (52),
11-12 years (63), 13-14 years (76), and 15 years (51).

Methods

FT3, FT4 and TSH levels were determined by elec-
trochemiluminescence immunoassay (ECLIA) using
ECLusys FT3, FT4 and TSH (Roche Diagnostics
GmbH, Mannheim, Germany). For measurements
of TgAb and TPOADb, radioimmunoassay (RIA) was
employed (TgAb Cosmic II and TPOAb Cosmic II;
Cosmic Co., Tokyo, Japan) from January 2003 to May
2006. Reference values for these two parameters were
set as follows: TgAb, <2.6 U/mL, TPOAD, <6.7 U/
mL. Subsequently, they were determined by ECLIA
using Roche ECLusys Anti-Tg and Anti-TPO (Roche
Diagnostics GmbH, Mannheim, Germany), based on
which the following reference values were set: TgAb,
<40 IU/mL, TPOADb, <28 IU/mL. The reference values
of the thyroid hormones for adults are: FT3, 2.2-4.3 pg/
mL; FT4, 0.8-1.6 ng/dL; TSH, 0.2-4.5 pU/mL.

Statistical analysis

Statistical evaluation of the data was performed
using the JMP, version 8.02 (SAS Institute Inc., Cary,
NC). Reference values were set at 2.5-97.5%.

This study was conducted with the informed consent
of the subjects and their families and with meticulous
care taken to protect the confidentiality of individual
subjects, in conformity with the declaration of Helsinki.

Results

With regard to the subjects background characteris-
tics, there were no statistically significant differences
in the distribution of the serum FT3, FT4 or TSH val-
ues in subjects with and without a family history of
chronic thyroiditis in the parents (Table 1) (Wilcoxon/
Kruskal-Wallis test).

The reference values of the thyroid parameters in the
6 age groups are presented in Table 2. All of FT3, FT4
and TSH exhibited a tendency to progressively decline
with advancing age. For FT3, the upper limit of the
reference range decreased with advancing age, with a
peak upper limit in the 7-8 years age group and nadir
lower limit in the 7-8 years and 9-10 years age group.
For FT4 also, the upper limit of the reference range
decreased with advancing age; the lower limit in the
7-8 years age group was lower than that in the 9-10
years age group, however, this parameter decreased
with advancing age thereafter. The upper limit of the
reference range for TSH decreased with advancing age,
with the peak value in the 7-8 years age group, while
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Table 1 Distribution of family history by parameters

- chronic thyroiditis normal
family history p-value
ranges n ranges n
FT3 (pg/mL) 2.50-4.60 24 2.60-4.83 228 0.6809
FT4 (ng/dL) 0.95-1.57 25 0.96-1.61 234 0.7034
TSH (uWU/mL) 0.56-3.29 25 0.55-4.46 234 0.4499

Wilcoxon/Krukal-Wallis test

Assessment of the distribution of parameters in patients with and without a family history of chronic thyroiditis
in the parents failed to reveal any statistically significant differences (Wilcoxon/Krukal-Wallis test).

Table 2 Reference range by age group

Age Group (years) FT3 (pg/mL) n FT4 (ng/dL) n TSH (uIU/mL) n
Adult 2.20-4.30 0.80-1.60 0.20-4.50

4-6 2.91-4.70 43 1.12-1.67 43 0.62-4.90 43

7-8 3.10-5.10 39 1.07-1.61 39 0.53-5.16 39

9-10 3.10-4.87 51 0.96-1.60 52 0.67-4.52 52

11-12 2.78-4.90 61 1.02-1.52 63 0.62-3.36 63

13-14 2.77-4.59 72 0.96-1.52 76 0.54-2.78 76

15 2.50-4.64 50 0.95-1.53 51 0.32-3.00 51
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Fig. 1 Reference range of TSH in consecutive age groups

Both the upper and lower limits of reference range declined with advancing age. Significant inter-group differences were ob-

served (p < 0.0001 by Wilcoxon/Krukal-Wallis test).

the lower limit also decreased with advancing age, with
the peak value in the 9-10 years age group (Fig. 1).
Pertinent data were tested for significant differences in
individual parameters, and statistically significant dif-
ferences were found at p < 0.0001 (Wilcoxon/Krukal-
Wallis test) for all.

Discussion

We made it our principal objective to strictly define
normal thyroids while setting the reference values for
FT3, FT4 and TSH in children and adolescents. In the
study reported herein, we based our definition of nor-
mal thyroids on the following comprehensive crite-
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Table 3 Review of the reference ranges of the thyroid hormones in children reported from previous studies

Sampling o . First author
Country Cases process Sample Examination Kit or analyzer system Publication year
Germany 656 Database FT3, FT4, TSH Immulite 2000 (Siemens, Healthcare Diagnostics GmbH, Verburg FA 2011
Eschborn, Germany) [5]
Data base . . .
Canada 1769 TgAb () FT4, TSH 5[0;1}]111 Lrilr(;du(lir n?:;y;ws E 170 (Roche Diagnostics GmbH, Hende[%s]on MP 2011
TPOAD (-) : Y
Eg;thern 243 euthyroid T3, T4, TSH ACS:180 system (Bayer Health Care, Leverkusen,Germany)[8] Manso[u7r]1 an AR 2010
no goiter
India 5343 B T3, T4, TSH IRMA (Immunotech, Beckman, Coulter) el L 2010
TgAb (-) [9]
TPOAD (-)
USA 6023  Database  FT4,TSH  Abbott Architect ci8200 501[%11] )
FT3 1107 T3,T4:Sigma (St. Louis, MO). Soldin OP
usa FT4 1426 Data base FT3, FT4 Deuterium-labeled T4 :IsoSciences (King of Prussia, PA) [11] 2009
L ® ™ . . . .
Austria 2194 Database FT3, FT4, TSH Adv1a_ Centaur™ (Bayer Health Care Diagnostika, Vienna, Kapelari K 2008
Austria) [12]
FT4, T3, TSH, Access 2 immunoassay system (Beckman-Coulter, Chaska, Djemli A
Canada 366 Data base Tg MN, USA) [13] 2004
Spain 371 Database FT3, FT4, TSH Adv1§ Centaur™ (Bayer Health Care Diagnostika, Vienna,  Garcia Cuartero B 2003
Austria) [14]
FT3, FT4, TSH, Advia® Centaur™ (Bayer Health Care Diagnostika, Vienna, Hiibner U
Germany 460 Data base T3, T4 i) [15] 2002
Germany 762 Data base FE EZ“’T]T?'SGH’ Immulite® (DPC Los Angeles, USA) Elml‘?ﬁg]r MW= 5001
T3, T4, DELFIA immunofluorometric system according to the Zurakowski D
Es Sl IDare lizEe TSH, FT4  manufacturer’s instructions (Wallac Oy) [17] L2
. Data base Amerlex MAB (Ortho Clinical Diagnostics, Amersham, Verheecke P
Belgium 1050 TSH normal FT3 UK; sold in Belgium by Orange, Brussels, Belgium) [18] 1997
TSH 1425 TSH:TSH-RIABEAD II (Dinabot. Co) Kawai T
Japan - png pr4 g7y Da@base FIS, B4, TSHC prg 'ery o ocriex MAB kits (Ortho-Clinical Diagnostics CO) 3] LEED
USA 1137 Database © T3’TF3T‘% 4TSH’ Abbott IMx® (Abbott Laboratories, Abbott Park, L) S"l[‘}g‘] ST 1995
Janan 203 normal FT3, FT4, T3, FT3, FT4:Amersham plc, T3, rT3:Dainabot CO, LTD Y. Shiki 1986
P children  T4,rT3, TBG T4:Torabenoru CO, LTD, TBG:Hoechst AG [2]

ria: absence of any congenital anomalies or underlying
disorders, absence of palpable goiter as assessed by a
physician with rich clinical experience in the clinical
diagnosis/management of thyroid disorders, absence of
abnormalities of the thyroid gland on ultrasonographic
examination, and seronegativity for antithyroid anti-
bodies (TgAb, TPOAD). Only subjects meeting all of
these criteria were enrolled in this study.

Subjects whose parents had a current or previous his-
tory of chronic thyroiditis were judged as having cur-
rently normal thyroids if the above criteria were met,
even though the possibility of the subject developing
chronic thyroiditis at a future time could not be ruled

out, since, as shown in Table 1, such subjects showed
no statistically significant differences in the thyroid
hormone levels in the present study. On the other hand,
when reference ranges of thyroid hormones in children
established in the past, shown in Table 3, were referred
to, the reference ranges were found to be rather unre-
liable for the definition of normal thyroids, as com-
pared with the criteria used in our study. The reference
ranges of FT3, FT4 and TSH established in our study,
even though the number of subjects studied was fewer,
are considered to be more reliable [2, 5-8, 10-19].

We conducted this study using data accumulated
over the past more than 9 years. The results indicated
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that the reference values of FT3 and FT4 in children
gradually declined with advancing age, thereby approx-
imating the trend observed in adults. Concerning
TSH, however, the upper limit of the reference range
of TSH in children aged 11 years or older was lower
than that in adults, although there was the same trend of
decrease of the upper limit of the reference range with
age as that seen for FT3 and FT4. As for this devia-
tion of the upper limit of TSH from the upper limit of
the reference range for adults, the results were simi-
lar to those for FT3 and FT4 showing a progressive
decrease with advancing age, thereby approximating
the reference range for adults, when viewed with refer-
ence to the true normal TSH value of <2.5 uU/mL from
the third National Health and Nutrition Examination
Survey (NHANES III) reported by Surks MI et al. [20].
The results of this study were reviewed in comparison
with the most recently conducted large-scale study by
the Pediatric Reference Range Study Group in Japan,
showing that the upper limit of the reference range of
FT3 declined with age after reaching its peak in male
children around 11-12 years of age and female chil-
dren at 9 years of age, the age at which the peak val-
ues were attained and which higher than those in our
study. Furthermore, while the upper limit was higher
and the lower limit was lower in all age groups as com-
pared with those in the reference range for adults in the
large-scale study, both the upper and lower limits were
higher in all age groups in our study as compared with
those in the reference range for adults. In regard to
FT4, our results were generally consistent with those of
the large-scale study, in that both the upper and lower
limits decreased progressively with age, with the peak
in male children at 6-8 years of age and female chil-
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dren at 6 years of age. As for TSH, both the upper and
lower limits remained practically unchanged through-
out all age groups of 4 years or older; the results are
noticeably different from those of our study despite the
subject age group is same. However, according to past
overseas reports listed in Table 3, except for the study
reported by Marwaha RK et al. [9], the reference range
of TSH decreased more or less uniformly with advanc-
ing age, consistent with our finding. The results were
comparable between iodine-sufficient regions and
iodine-deficient regions. The following two reports
of observations of changes with time in the same sub-
jects, i.e., a 5-year follow-up survey of serum TSH lev-
els over time without treatment in Israel, an iodine-suf-
ficient region, conducted by Lazar L et al. [21], and a
24-month follow-up of spontaneous progress in pedi-
atric patients with idiopathic subclinical hypothyroid-
ism in Italy, a modestly iodine-deficient region, con-
ducted by Wasniewska M et al. [22], also demonstrated
a decline of the serum TSH level with age. Thus, our
finding of a decline of the serum TSH with chronologi-
cal age is considered to be credible.

As described above, the serum FT3, FT4 and TSH
levels in children differ from those in adults. It is,
therefore, of importance to carry out evaluation of the
thyroid function in children using reference values
appropriate for the chronological ages, because mis-
diagnosis of hypothyroidism or SITSH, especially in
children aged 10 years or younger, and oversight of
mild subclinical hypothyroidism which could occur at
an increased incidence among children aged 11 years
or older could occur if the diagnosis is made using ref-
erence values for adults.
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