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Background: Thyroid hormones are essential for early neurocognitive development and growth and
development in childhood and adolescence. However, the reference intervals (RIs) for thyroid hormones
in Chinese pediatric individuals remain unclear. This study aimed to establish thyroid hormone RIs for a
Chinese pediatric population according to appropriate age- and sex-specific partitioning.

Methods: In this prospective observational study, a total of 1,279 healthy children (singletons, aged
from 1 day to 12 years) were recruited, and serum samples were analyzed on a Mindray automated
chemiluminescence immunoassay analyzer CL-6000i for thyroid hormone detection, including thyroid-
stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine (E'T4), total triiodothyronine (T3),
and total thyroxine (T4). Age and sex-specific RIs were established, and the corresponding 95% confidence
intervals (CIs) were calculated in accordance with the Clinical Laboratory Standards Institute (CLSI)
document C28-A3 guidelines.

Results: Quantile testing revealed that the median (P50) and RIs [2.5" percentile (P2.5)-97.5™ percentile
(P97.5)] for TSH, FT3, T3, and T4 of males differed significantly from those of females (P<0.05), except
for FT4 (P=0.483). For FT3 and T3, the RIs of males were higher than that of females, and the RI of T4 for
males was narrower and higher than that of females [P2.5-P97.5: 72.33-171.60 vs. 72.31-176.27 nmol/L;
P50: 116.75 vs. 113.47 nmol/L, P=0.011]. RIs for TSH, FT3, FT4, T3, and T4 showed sex- and age-
specific properties and displayed a wide variation during the first month of life but gradually narrowed and
concentrated with increasing age. In addition, RIs of TSH, FT3, FT4, and T3 in males differed significantly
from females in the first month of life (TSH: 1.46-10.87 vs. 1.08-11.35 mIU/L; FT3: 2.96-7.08 wvs.
2.35-7.27 pmol/L, FT4: 13.34-28.65 vs. 13.82-31.83 pmol/L; T3: 0.83-2.33 vs. 0.72-2.46 nmol/L). The RI
of T4 also exhibited a difference between males and females in the 9- to 12-year age group (59.31-150.72 vs.
63.29-146.94 pmol/L for males and females, respectively).
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Conclusions: Pediatric RIs of thyroid hormones display age- and sex-specific trends. The RIs established

in this study will improve the accuracy of TSH assay result interpretations and clinical decision-making in

clinical laboratories that utilize the Mindray analytical platform.
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Introduction

Thyroid follicle epithelial cells are responsible for
synthesizing, storing, and secreting thyroid hormones,
which are critical for early neurocognitive development
and growth and development throughout childhood
and adolescence (1). The secretion of thyroid hormones
is mainly regulated by the feedback regulation of the
hypothalamus-pituitary-thyroid axis. This negative feedback
cycle keeps the concentration of thyroid hormones in a
stable and circulating state to maintain the normal function
of the corresponding physiological processes (2).

Abnormal thyroid function is associated with a wide range
of adverse child development outcomes (3). Hypothyroidism
in children is associated with mental retardation, short
stature, and delayed skeletal maturation and puberty (4).
In contrast, hyperthyroidism in children is associated
with hyperactivity, tachycardia, irritability, poor school
performance, and many other abnormal manifestations (5).
Newborns with congenital hypothyroidism (CH) who
underwent early treatment within 2 weeks of diagnosis
showed no significant differences in nervous system
development and intelligence levels compared with
normal children (6). However, failure to promptly detect
and commence appropriate thyroid treatment during the
neonatal period can lead to low intelligence in children,
affecting their quality of life (7). The prevalence of
hypothyroidism and hyperthyroidism in newborns/
childhood is an estimated 1% to 2% and 0.1 to 3/100,000,
respectively (3). And more importantly, thyroid dysfunction
is further frequently associated with heart failure and
infection (8,9). Therefore, early and objective evaluation of
thyroid dysfunction in children is critical.

The thyroid-stimulating hormone (TSH) assay plays
a crucial role in the evaluation of thyroid function. It
includes the combined detection of serum TSH, free
triiodothyronine (FT3), free thyroxine (FT4), total
triiodothyronine (13), and total thyroxine (T4) levels (10).
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Despite its importance, the accuracy of the TSH assay
interpretation in pediatric populations is often limited
by the lack of appropriate reference intervals (RIs). The
guidelines of the European Thyroid Association for the
management of subclinical hypothyroidism in children
recommend the use of age-related normative values (11).
Childhood and adolescence are accompanied by many
dynamic physiological changes that parallel growth and
development, and which indicated that the establishment
of accurate pediatric RIs for the TSH assay requires a
sufficiently large, healthy pediatric population to allow
appropriate age- and sex-specific partitioning. As a result,
many laboratories continue to use unverified Rls that
established by various indirect methods, like the Hoffman,
Bhattacharya and Arzideh methods, using inpatient data
collected for the clinical pediatric care of thyroid diseases
due to the immense resources required and limited
resampling opportunities (12).

To date, multiple international researchers or
organizations have established RIs of thyroid hormones in
pediatric populations (12-17). For example, the Canadian
Laboratory Initiative on Pediatric Reference Intervals
(CALIPER, https://www.caliperdatabase.ca/) has tested
serum samples from 741 healthy children and adolescents
(1 day to <19 years) on the Roche Cobas 8000 ¢602
immunoassay analyzer to establish age- and sex-specific
RIs for thyroid hormones (12). However, Rls of thyroid
hormones can be influenced by age, Tanner stage, ethnicity,
anthropometric characteristics, iodine intake, detection
methodology, or other determinants (15,18). Therefore,
there is considerable between-study heterogeneity in
the RIs of thyroid hormones in pediatric populations. In
addition, most studies of thyroid hormone Rls have focused
on TSH and FT4, and information concerning FT3, T3,
and T4 is sparse (19-21).

The sex-specific and gestation-specific RIs of thyroid
hormones have been established in Chinese adult
populations (22-25). Therefore, the present study aimed
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to evaluate the distribution of thyroid hormones and to
establish age- and sex-specific RIs for a Chinese pediatric
population. To achieve this goal, serum TSH, FT4, FT3,
T3, and T4 levels in 1,279 healthy Chinese children
(0-12 years) were directly tested on the Mindray automated
chemiluminescence immunoassay analyzer CL-6000i, and
RIs were established according to the Clinical Laboratory
Standards Institute (CLSI) document C28-A3 guidelines.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-389).

Methods
Ethical approval

This prospective observational study was performed
in accordance with the principles of the Declaration of
Helsinki (as revised in 2013) and was approved by the Ethics
Committee and Institutional Review Board of the Wuhan
Children’s Hospital (Wuhan Maternal and Child Healthcare
Hospital, 2020R052). Written informed consent was
obtained from all pediatric participants (provided by at least
a parent or guardian) during their physical examination.

Population for analysis

The participants consisted of 1,279 children who visited the
physical examination center of Wuhan Children’s Hospital
from September 1, 2020, to March 17, 2021. According to
age distribution, the reference population was categorized
into the following six age groups: 1-31 (d), 1-12 (m),
12-36 (m), 36-72 (m), 72-108 (m), and 108-144 (m). The
inclusion criteria for the reference population were as
follows: full-term normal delivery singletons without any
thyroid-related diseases or family history of thyroid-related
diseases, and without other conditions or medications that
would cause changes in thyroid function-related indicator
levels (T'SH, FT3, FT4, T3, and 'T4). The exclusion criteria
were as follows: Children with known thyroid disease,
chronic illness (endocrine, inflammatory, autoimmune,
cancer, and kidney diseases), thyroid medication usage
(levothyroxine or growth hormone), or who had a mother
with a thyroid-related disease.

Laboratory tests

Approximately 1-4 mL blood was drawn from the median
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cubital vein, and the serum was separated by a Roche Cobas
P612 preprocessing system (Roche Diagnostics, Germany)
within 6 h. A Mindray automated chemiluminescence
immunoassay analyzer CL-6000i (Mindray, China) was used
to detect serum TSH, FT3, FT4, T3, and T4 levels. All test
reagents were provided by Shenzhen Mindray Biomedical
Electronics Co., Ltd. (Mindray, China). F'T'3 was converted
from pg/mL to pmol/L by multiplying by 1.536. FT4 was
converted from ng/dL to pmol/L by multiplying by 12.872.
T3 was converted from ng/mL to nmol/L by multiplying
by 1.536. T4 was converted from pg/dL to nmol/L by
multiplying by 12.872.

Statistical analysis

R program version 3.6.3 and R studio version 1.4.1106 (R
Foundation for Statistical Computing, Vienna, Austria)
were used for the statistical analyses. Categorical variables
are described as frequencies and percentages. The Shapiro-
Wilk test and skewness/kurtosis tests were used to check
for normal distribution, and the Kruskal-Wallis test was
applied to determine the gender differences in thyroid
function distribution. The Goodman-Kruskal gamma
coefficient was calculated for the distribution test in age
group*gender crosstabs. Probability density curves within
different populations (male, female, total) of all thyroid
function indexes were presented using the “ggplott2”
package. Scatter plots with linear fitting for the distribution
of all thyroid indexes at different ages were constructed
using GraphPad Prism Version 8.00 (GraphPad Software,
CA, USA). All thyroid function indicators were presented
as the 2.5™ percentile (P2.5), median (P50), and 97.5"
percentile (P97.5). All P values were two-sided, with P<0.05
considered statistically significant.

Results
Baseline characteristics of the study participants

The main characteristics of the study participants are
shown in Table 1. In the overall study, 645 children were
male (50.43%), and 634 children were female (49.57%),
and this proportion was considered acceptable. In terms
of age distribution, 15.25% were aged 1-31 days, 17.59%
were aged 1-12 months, 15.56% were aged 12-36 months,
15.79% were aged 36-72 months, 19.39% were aged
72-108 months, and 16.42% were aged 108-144 months.
The numbers and proportion of the 72-108 months group
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Table 1 Comparison of age distribution between males and females (G, P)

Yao et al. Pediatric Rls for thyroid hormones

Age group Total, n (%) Male, n (%) Female, n (%) G P value
1-31 (d) 195 (15.25) 102 (15.81) 93 (14.67) -0.042 0.273
1-12 (m) 225 (17.59) 112 (17.36) 113 (17.82)
12-36 (m) 199 (15.56) 104 (16.12) 95 (14.98)
36-72 (m) 202 (15.79) 108 (16.74) 94 (14.83)
72-108 (m) 248 (19.39) 122 (18.91) 126 (19.87)
108-144 (m) 210 (16.42) 97 (15.04) 113 (17.82)
Total 1,279 (100.00) 645 (50.43) 634 (49.57)
Variables are presented as numbers (percentages). G represents the Goodman-Kruskal’s Gamma test.
P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5P50 P97.5
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Figure 1 The probability density distributions of TSH, FT3, FT4, T3, and T4 by sex. The red, green, and blue curves represent the female,
male and total distributions, respectively. The center line represents the P50, and the left and right lines represent the P2.5 and P97.5,

respectively. TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; T3, total triiodothyronine; T4, total
thyroxine; P2.5, 2.5™ percentile; P50, median; P97.5, 97.5™ percentile.

were slightly higher, but the age distribution differences
within the male and female groups were not statistically
significant (G=-0.042, P=0.273, Tible I).

Distribution characteristics of thyroid bormones

The distribution of serum TSH, FT3, FT4, T3, and T4
levels was analyzed on a linear scale in the total, male, and
female populations (Figure I). None of the five indicators

© Translational Pediatrics. All rights reserved.

were normally distributed, and thus the data were presented
as binary percentiles (P2.5-P97.5). The reference range
limits for TSH, FT3, T3, and T4 of males differed
significantly from those of females (P<0.05), except for
the lower limit of FT4, which did not vary significantly
from the female equivalent in quantile testing (P=0.483)
(1able 2). For FT3 and T3, the reference range for males
was higher than females, and the reference range of
T4 for males was narrower and higher than for females
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Table 2 Serum TSH, FT3, FT4, T3, and T4 levels according to gender in the study population

Total Male Female
Variables P
P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5
TSH (mIU/L) 1.00 3.038 9.23 0.99 3.12 9.17 1.04 2.97 9.49 <0.001
FT3 (pmol/L) 3.18 5.54 6.82 3.37 5.58 6.86 3.1 5.51 6.81 0.024
FT4 (pmol/L) 13.13 17.76 25.74 13.02 17.76 25.10 13.24 17.83 28.06 0.483
T3 (nmol/L) 0.97 1.80 2.49 0.98 1.81 2.56 0.95 1.78 2.44 0.021
T4 (nmol/L) 72.34 115.46 174.80 72.33 116.75 171.60 72.31 113.47 176.27 0.011

Data were analyzed by the Kruskal-Wallis test. TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; T3, total
triiodothyronine; T4, total thyroxine; P2.5, 2.5 percentile; P50, median; P97.5, 97.5" percentile.
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Figure 2 The scatter plot of TSH, FT3, FT4, T3, and T4 by age. The red and black dots represent the female and male values, respectively.
The fitted curve based on a linear regression model adjusted for age represents the linear distribution of TSH, FT3, FT4, T3, and T4, and

the red and black curves represent females and males, respectively. TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4,

free thyroxine; T3, total triiodothyronine; T4, total thyroxine.

(P2.5-P97.5: 72.33-171.60 vs. 72.31-176.27 nmol/L; P50:
116.75 vs. 113.47 nmol/L, P=0.011). The gender- and
age-specific distribution of serum TSH, FI3, FT'4, T3,
and T4 levels also confirmed the difference in reference
ranges between males and females (Figure 2). Moreover,
serum TSH, FT3, FT4, T3, and T4 levels displayed wide
variations during the first month of life and gradually

© Translational Pediatrics. All rights reserved.

narrowed with increasing age. For example, the reference
range of serum TSH levels of each age group was
1.21-10.71, 0.94-9.74, 0.97-7.94, 1.11-7.71, 0.85-6.74,
and 1.00-7.21 mIU/L, respectively (1zble 3). In addition, in
the serum TSH and T4 distribution, there was an evident
shift toward lower levels with an increase in age, which
specifically decreased faster in females than males. FT3
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Table 3 Serum TSH, FT3, FT4, T3, and T4 levels according to age in the study population

Yao et al. Pediatric Rls for thyroid hormones

FT4 (pmol/L)

T3 (nmol/L)

T4 (nmol/L)

Age group TSH (mIU/L) FT3 (pmol/L)

1-31(d) 4.96 [1.21, 10.71] 4.87 [2.63, 7.03]
1-12 (m) 3.79[0.94, 9.74] 5.54 [3.31, 6.72]
12-36 (m) 3.28[0.97, 7.94] 5.53[3.84, 7.02]
36-72 (m) 3.00 [1.11, 7.71] 5.72 [3.67, 6.80]
72-108 (m) 2.42[0.85, 6.74] 5.58 [4.27, 6.94]
108-144 (m) 2.20 [1.00, 7.21] 5.64 [3.94,7.12]

20.08 [13.76, 30.83]
17.25 [13.13, 24.16]
18.02 [13.59, 24.33]
18.09 [13.14, 25.53]
17.47 [12.13, 24.15]
17.12 [12.65, 23.16]

1.49[0.78, 2.32]
1.98[1.00, 2.75]
1.86 [1.24, 2.41]
1.83 [1.09, 2.33]
1.77 [1.17, 2.34]
1.81[1.15, 2.43]

124.86 [72.86, 197.33]
119.58 [71.99, 175.63]
118.81 [74.79, 176.22]
116.62 [76.52, 170.20]
110.89 [74.79, 152.29]
102.40 [61.50, 149.49]

The P50 [P2.5, P97.5] for each thyroid hormone in six age groups is presented. TSH, thyroid-stimulating hormone; FT3, free
triiodothyronine; FT4, free thyroxine; T3, total triiodothyronine; T4, total thyroxine; P50, median; P2.5, 2.5" percentile; P97.5, 97.5"

percentile.

TSH, mlU/L FT3, pmol/L FT4, pmol/L
Male 72-144 (m){ +—+— Male 1-144 (m) . — Male 1-144 (m) —_—
Male 1-72 (m){ +——t———
— —_—
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Figure 3 The grouping distributions of the Rls stratified by age and sex for TSH, FT3, FT4, T3, and T4. The line exhibits the 95%
interval range, and the three short vertical lines represent the P2.5, P50, and P97.5 from left to right. RI, reference interval; TSH, thyroid-

stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; T3, total triiodothyronine; T4, total thyroxine; P2.5, 2.5

P50, median; P97.5, 97.5" percentile.

gradually returned towards the P50 (7able 2) after the first
month of life and remained constant in both sexes (Figure 2).

Pediatric Rls for thyroid function

Differences in serum TSH, FT3, FT4, T3, and T4 levels
were observed in different age groups according to the
Kruskal-Wallis analysis and Nemenyi test. The Rls for
thyroid hormones in specific age and sex groups were
calculated based on the results described above (Figure 3).

© Translational Pediatrics. All rights reserved.

th .
percentile;

The P50 and 95% distributions (P2.5-P97.5) of serum
TSH, FT3, FT4, T3, and T4 in pediatric participants are
presented in 7able 4. The distributions of TSH RI were
much wider during the first month and gradually became
narrower with increasing age in both sexes. The F13 RI for
females gradually narrowed after the first month, but the
opposite effect was seen in males. The FT4 RI displayed a
similar trend and distribution for males and females during
the first month of life, but the FT4 RI for females showed
a decreasing shift in the 9- to 12-year age group. The Rls
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Table 4 Sex- and age-specific pediatric RIs for TSH, FT3, FT4,
T3, and T4

Izzr:?ci;es Groups Age group (m) RI, P50 [P2.5, P97.5]
TSH (mIU/L)  Female 0-1 5.23[1.08, 11.35]
1-72 3.24[1.14, 8.83]
72-144 2.14[0.83, 7.42]
Male 0-1 4.91[1.46, 10.78]
1-72 3.40[0.95, 8.38]
72-144 2.4810.96, 6.21]
FT3 (pmol/L) Female 0-1 4.67 [2.35, 7.27]
1-144 5.58 [3.77, 6.80]
Male 0-1 4.95 [2.96, 7.08]
1-144 5.64 [3.81, 6.86]
FT4 (pmol/L) Female 0-1 20.08 [13.82, 31.83]
1-108 17.63 [13.26, 24.80]
108-144 17.12[10.16, 24.34]
Male 0-1 19.89 [13.34, 28.65]
1-144 17.43 [12.90, 23.04]
T3 (nmol/L) Female 0-1 1.40 [0.72, 2.46]
1-12 1.94[0.99, 2.58]
12-144 1.78 [1.22, 2.38]
Male 0-1 1.54[0.83, 2.33]
1-12 2.02[0.98, 2.83]
12-144 1.83[1.15, 2.39]
T4 (nmol/L) Female 0-72 120.48 [75.28, 192.48]
72-108 107.87 [77.03, 146.91]
108-144 100.92 [63.29, 146.94]
Male 0-108 118.36 [73.63, 173.85]
108-144 105.68 [59.31, 150.72]

TSH, thyroid-stimulating hormone; FT3, free triiodothyronine;
FT4, free thyroxine; T3, total triiodothyronine; T4, total thyroxine;
RI, reference interval; P50, median; P2.5, 2.5" percentile; P97.5,
97.5" percentile.

of T3 and T4 displayed a similar gradual increase and

concentration trend in both sexes.

Discussion

The application of RIs for conventional indicators has

been well established in adult and even gestation-specific
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populations (24). However, accurate age- and sex-specific
RIs are not readily available in pediatric laboratory medicine
and have been largely overlooked (26). Several national and
global initiatives have begun to close the critical evidence
gap in pediatric RIs. For example, in 2012, the CALIPER
study was the first to publish age- and sex-specific RIs for
40 common biochemical indicators in Canadian children
(1 day to 19 years) (27). In 2021, the National Health
Commission of China released the Rls for 31 biochemistry
and blood cell parameters in Chinese children (from
28 days to 18 years) (http://www.nhc.gov.cn, WS/ T779-
2021, and WS/T780-2021). Thyroid function tests are
among the most requested in pediatric care to prevent
physical and developmental impairments. The current study
establishes age- and sex-specific Rls for thyroid hormones,
including TSH, FT3, FT4, T3, and T4 for a Chinese
pediatric population consisting of 1,279 healthy participants
(aged 1 day to 14 years) on the Mindray automated
chemiluminescence immunoassay analyzer CL-6000i.

To date, CALIPER has established age- and sex-specific
RIs of thyroid hormones on the Abbott ARCHITECT
¢8000 (27), Ortho VITROS (17), Beckman Coulter (28),
and Roche Cobas 8000 e602 (12) systems. While age and
sex patterns are very similar between studies, the detailed
RIs (e.g., TSH) of each subpopulation show significant
differences within some analytes due to inter-assay
differences. Rls of thyroid hormones have reportedly been
associated with iodine uptake, child age, sex, ethnicity, and
various detection methods or analyzers (15,29). For example,
FT4 concentration levels are lowest in Dutch children and
highest in children of non-Western or Surinamese origin (15).
FT3 significantly increased upon puberty and showed a
significant sex-specific difference at which age, while FT4
remained constant throughout puberty (10). In China, the
sex/geographic/assay-specific and gestation-specific Rls of
thyroid hormones have been established in adult populations
(22-25), emphasizing the need for assay-specific RIs of
thyroid hormones in Chinese pediatric populations to avoid
false positive or negative results.

Similar to CALIPER and other internationally
recognized studies, a partition within the first month of life
is required to establish hormone Rls due to the dynamic
fluctuations of the post-parturition period (30). The Rls
of TSH, FT3, FT4, T3, and T4 established in the present
study displayed wide variation during the first month of
life and then gradually narrowed with increasing age in
both sexes. The trend displayed across pediatric age was
consistent with results obtained by CALIPER on the
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Roche Cobas 8000 €602 system (12), but the Beckman
Coulter system showed no differences in age <1 year (28).
A significant sex-specific difference was observed on the
Ortho VITROS and Beckman Coulter systems, but not
the Roche Cobas 8000 €602 system in studies conducted
by CALIPER. In this study, serum TSH, FT3, T3, and T4
showed significant sex-specific differences, but not FT4.
Furthermore, the range of age partitioning confirmed
by statistical methods was also different amongst these
analyzers. The medians of each thyroid hormone in whole
pediatric populations detected by Mindray CL-6000i were
comparable to those found by other analyzers, like Roche
Cobas 8000 ¢602, 601, Ortho VITROS, and the Beckman
Coulter systems (12,15,17,28). Still, the RIs in each
partitioning group established by Mindray CL-6000i were
moderately narrower or wider than the previously published
RIs (e.g., TSH: 1.23-27.2 mIU/L for 602 vs. 1.08-
11.35 mIU/L for CL-6000i in females <1 month).

Detection assay is an important determinant of
the large differences in RI establishment for thyroid
hormones. Besides the widely used immunoassay, liquid
chromatography-mass spectrometry and/or equilibrium
dialysis are also used in some analyzers (31,32). the Mindray
automated chemiluminescence immunoassay analyzer
CL-6000i detected thyroid hormones by integrating
the advantages of immunoassay and chemiluminescence
methods, and is the widely used instrument in mainland of
China. This highlights the lack of standardization for thyroid
hormones and the need for assay-specific RI establishment of
CL-6000i analyzer. However, establishing RIs using binary
percentiles may not accurately depict the dynamics of certain
biomarkers occurring alongside pediatric physiological
development due to the inherent influence of population size
and limited statistical power. Moreover, the detachment from
the placenta and the change in thermal environment lead
to a rapid change in the thyroid hormones of neonates (33),
and baseline levels of thyroid hormones show differences in
preterm infants, same-sex twins, singletons, and different-
sex twins within the first month of life (34-36). Same-sex
twins and preterm infants have a high incidence of CH but
also a high probability of being missed at newborn screening.
In future, the establishment and diagnostic rigor of binary
vs. continuous Rls for clinical decision-making, particularly
during the first month of life, is urgently needed.

Conclusions

In conclusion, this study establishes RIs for TSH, FT3,

© Translational Pediatrics. All rights reserved.
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FT4, T3, and T4 on the Mindray CL-6000i analytical
platform that will allow laboratories using this system
to interpret TSH assay results based on accurate Rls.
As recommended by the CLSI EP28-A3c¢ guidelines,
RIs should be validated for each clinical laboratory’s
local pediatric population and individual analyzer before
implementation.
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