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ABSTRACT

Objectives: The purpose of this study was to establish
age- and sex-specific pediatric reference intervals of serum
potassium (K), sodium (Na), chlorine (Cl), calcium
(Ca), magnesium ( Mg ), and phosphorus ( P) using a
direct sampling technique.

Methods: In accordance with the a priori approach,
healthy individuals (n = 6,466, aged 1 month

to <I8 years) were enrolled from five regions in Jilin
Province, China, and all analytes were performed

in the center laboratory. Reference intervals were
divided according to the regression tree and Harris and
Boyd’s method, and then they were calculated by the
nonparametric rank method. The dynamic changes of

reference intervals were evaluated by the lambda-mu-sigma
(LMS) method.

Results: Reference intervals of serum Na and Ca
were divided into three age-specific partitions. The
concentrations of K, Cl, and Mg remained stable with
age. However, only dramatic sex-specific changes of
P were shown in those 11 to less than 13 years old and
13 to less than 15 years old, with an earlier peak time
in females than in males. The correlation between Na
and Cl was the strongest among all serum electrolytes

(r=20.31).

Conclusions: Serum electrolyte reference intervals
for children and adolescents were established by
regression tree, z test, and the LMS method, which
provide a more accurate interpretation for diagnosis
and prognosis evaluation of clinical pediatric
diseases.
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Key Points

e Serum electrolyte reference intervals for children and adolescents
are established by regression tree, Harris and Boyd's method, and the
lambda-mu-sigma method.

e Medical professionals can help diagnose a disease based on a reference
interval for a specific population.

e Some biomarkers change dynamically during growth and development,
so age and sex differences need to be considered when establishing
reference intervals.

Reference intervals (RIs) are commonly defined as
the 95% of values of a special laboratory test for a healthy
reference population. In general, the lower reference limit
(LRL) to the upper reference limit (URL) is equal to the
2.5th to 97.5th centiles of the test result distribution (ex-
cept in some special cases). The Rls are considered a
critical factor in clinical decision making for helping the
diagnosis of disease and the analysis of laboratory exam-
ination results. Otherwise, the erroneous estimation of
these ranges can lead to misdiagnosis, enormous expense,
great psychological pressure, and unnecessary treatments.
Currently, most clinical laboratories in China adopt RIs
from manufacturer package inserts, textbooks, or litera-
ture.” However, they may not be as robust as commonly
believed. Many factors can contribute to changes in ana-
lyte concentrations, including age, sex, pubertal develop-
ment, ethnicity, diurnal variation, and nutritional status.
In fact, our research group has conducted some studies in
the early stage, and the results confirm that age, sex, and
statistical methods have a certain influence on the refer-
ence interval.”* Therefore, establishing accurate Rls for
local laboratories is one of the most important factors for
clinical diagnosis.
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Electrolytes are of crucial importance for many phys-
iologic functions. Potassium (K) plays a critical role in the
maintenance of normal action potentials in muscles and
nerve cells, the regulation of acid base balance, and as-
sistance in cardiac muscle cell activity.”® Sodium (Na) is
involved in maintaining the balance of fluid, acid base,
and the osmolarity of plasma. Moreover, it also helps to
transmit impulses in the nerve and muscle fibers to con-
duct muscle and nerve activity."’ Meanwhile, chlorine
(Cl) serves numerous physiologic functions, such as the
maintenance of osmotic pressure, the preservation of
electrical neutrality, and the movement of water between
fluid compartments.® Furthermore, calcium (Ca) and
phosphorus (P) are important components in bone me-
tabolism indices. Ca plays a considerable role in muscle
contraction and relaxation, certain enzyme activation,
coagulation, and bonding with proteins to pass through
capillary walls. P is involved in many biochemical pro-
cesses, neuromuscular functions, and RBC functions.” As
for magnesium (Mg), its study mainly focuses on carbo-
hydrate metabolism and protein synthesis. Maintaining
balance of electrolytes in the body is essential to overall
function and health. A slight imbalance needs to be re-
flected immediately through the RlIs.

In China, RI standards of electrolytes for a healthy
Chinese adult population were established in 2012."” Due
to the dynamic changes associated with development,
physiology, nutrition, and diseases during growth, reliable
and accurate RIs are particularly important for the pe-
diatric population.'' However, clinical laboratories rarely
establish pediatric RIs based on the local population, for
the determination of pediatric RIs requires a tremendous
amount of time and cost, as well as a sufficient number of
healthy individuals (more than 120 in each subgroup)."
Although several national and international initiatives
have established pediatric RIs based on healthy children
and adolescents in Western countries,” there are some
diversities in population, sampling technique, and ana-
Iytical procedure. Therefore, it is necessary to establish pe-
diatric RIs suitable for the Chinese pediatric population.

Recently, some scholars from China have committed
to establishing pediatric Rls in different regions.'*" Yet,
the partitions in those studies were determined by visu-
ally inspecting distribution, scatterplots for overall trends,
Harris and Boyd’s method (z test), and other conventional
statistical methods. Although these studies add some new
information for the pediatric RIs, medical clinical signif-
icance also needs to be considered when the RIs are de-
termined by statistical methods. In addition, large-sample
studies using the pediatric population also need to inves-
tigate the partitioned methods in diverse ethnic groups
or analysis systems. Therefore, appropriate statistical
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methods applied to the partition of RIs are indispensable
and worthy of constant discussion.

The current study aimed to determine the age- and
sex-specific pediatric RIs for serum electrolytes of K, Na,
Cl, Ca, Mg, and P in five areas of Jilin Province. Direct
sampling technique was used for recruitment of all healthy
children and adolescents, and then a large-sample re-
search was formed. The First Hospital of Jilin University
was considered the central laboratory for sample testing.
Furthermore, some statistical methods are proposed to
be innovative. RIs were divided by regression tree and z
test, with dynamic changes described by the lambda-mu-
sigma (LMS) method. Moreover, the relationship among
the electrolytes was also analyzed to describe the internal
connections of each electrolyte.

Materials and Methods

Participants and Data Collection

Healthy children and adolescents from commu-
nity centers, primary schools, middle schools, and high
schools (aged 1 month to <18 years) were recruited from
August 2017 to November 2018 in Changchun, Jilin,
Yanbian Korean Autonomous Prefecture, Songyuan and
Baishan, Jilin Province. The sample collection involved
12 schools and nine hospitals, and the areas were evenly
distributed. Healthy individuals were enrolled according
to the questionnaire responses, physical examination,
and clinical laboratory examination. Recruitment pos-
ters were issued and all potential participants completed
a questionnaire, including questions on chronic diseases,
medication history, dietary and lifestyle habits, physical
activity patterns, allergies, and a general question con-
cerning subjective health. Body mass index (BMI) was
calculated as the ratio of body weight to the square of
body height (kg/m?). Participants were excluded from the
study if they had a recent history of acute or chronic in-
fection; digestive, kidney, metabolic, rheumatic, and thy-
roid diseases; any systemic disease; atherosclerosis and
vascular disease; heart disease; malignant tumors; burns
and muscle damage; weight and height exceeding more
than 10% of the average for the same sex; hypertension
(systolic blood pressure >140 mm Hg and diastolic blood
pressure 290 mm Hg); use of prescribed medications
(within 2 weeks); surgery (within 6 months); or donation
of blood (within 6 months). They were also excluded if
they met the following clinical laboratory criteria: posi-
tive for hepatitis B surface antigen, hepatitis C virus, or
human immunodeficiency virus antibody; creatinine more
than 97 pumol/L (male) or more than 73 pumol/L (female);
creatine kinase more than 500.0 U/L; uric acid more
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than 475.0 pmol/L; albumin less than 35.0 g/L; glu-
cose more than 7.0 mmol/L; C-reactive protein more
than 10.0 mg/L; WBC count less than 3.0 x 10°/L or more
than 12.0 % 10°/L; or hemoglobin less than 120 g/L (male)
or less than 110 g/L (female). This study was approved by
the ethics committee of all participating hospitals.

Sample Collection

The participants were instructed to maintain their
normal diet and exercise level, as well as to fast for more
than 8 hours prior to blood sample collection, while
those younger than 3 years needed to fast 3 to 6 hours.
Following the completion of written informed consent
and a health questionnaire from the parents or guardians,
4 mL of venous blood was collected in plastic vacutainer
tubes containing gel (Vacusiner SST; BD) by certified
phlebotomists between 7:30 and 9:30 am. After a full clot
for 30 minutes, blood samples were centrifuged at 1,200g
for 10 minutes at room temperature. Except for the sam-
ples of hemolysis, lipidemia, and jaundice, all qualified
samples were transported by cold chain trucks to ensure
the activity of the analyte at 2°C to 8°C. Samples be-
yond Changchun had to be transported within 8 hours,
while samples in Changchun required 2 hours. All assays
needed to be performed within 1 hour after receipt in the
central laboratory, the First Hospital of Jilin University.

Analytical Performance of the Methods

All serum electrolytes were analyzed by the Ortho
VITORS 5600 automatic biochemical analyzer (Ortho-
Clinical Diagnostic). Serum K, Na, and Cl were meas-
ured by the direct potentiometry method, and serum
Ca, Mg, and P were measured using a method based
on colorimetry. Samples analyses were performed only
after quality control analysis within acceptable limits,

ITable 10

and daily, weekly, and monthly preventative mainte-
nance was performed as specified by the manufacturer.
Technical details about the system performance ana-
lyses are specified in ETable 10. Reagent kits, calibrators,
and quality control materials were supported by Ortho-
Clinical Diagnostics. The Department of Laboratory
Medicine at the First Hospital of Jilin University was ac-
credited according to ISO 15189 Medical Laboratories—
Particular Requirements for Quality and Competence by
the China National Accreditation Service for Conformity
Assessment in 2012.

Statistical Analysis

Data were analyzed in accordance with our pre-
vious studies' and the Clinical and Laboratory
Standards Institute EP28-A3c guideline.'
Participants were stratified by sex and classified into
I-year intervals. For each group, outlier exclusion
was performed using the Dixon method,"” and the
normality distribution test was adopted by the one-
sample Kolmogorov-Smirnov test. When the distribu-
tion of data was non-Gaussian, the Box-Cox method
was necessary to convert the normal distribution.
Then, the z test was used to judge the sex difference
for those of the same age."* Smoothed continuous
centile curves were constructed by the LMS method
using the maximum penalized likelihood estimation
technique and determined with the Box-Cox trans-
formation A (L), median p (M), and coefficient of
variation o (S). The centile 100 of y at ¢ was given
by Cy0,(1) = M()[1 + L()S())Z ]""","” where Z_was
the normal equivalent deviate of size a. This showed
that if the L, M, and S curves were smooth, then so
were the centile curves. The freedom of L, M, and S
was gradually adjusted to fit by software, which visu-
ally presented the continuous centile curve values as

Analytical Performance of Ortho VITROS 5600 Chemistry Analyzer

Precision, %

Low Level High Level
Bias of Within- Between- Within- Between- Measuring Reference

Analyte Unit Accuracy, %  Day Day Day Day Range Reference Method Material

Potassium mmol/L 0.40 1.14 1.65 0.98 1.52 1.00-18.26  Flame atomic emission NIST SRM 918
spectroscopy

Sodium mmol/L 0.38 0.77 1.42 0.60 1.46 75.0-1771 Flame atomic emission NIST SRM 919
spectroscopy

Chlorine mmol/L 0.44 0.93 2.03 0.60 1.83 72.3-122.0  Coulometric- NIST SRM 919
amperometric titration

Calcium mg/dL -0.40 0.59 2.02 0.62 1.45 4.97-36.39  Atomic absorption NIST SRM 915

Magnesium  mg/dL 1.70 1.20 2.75 0.70 1.96 0.19-9.99 Flame atomic absorption ~ NIST SRM 929

Phosphorus  mg/dL 1.71 1.15 1.59 0.94 1.51 0.50-13.00  Phosphomolybdate/p- NIST SRM 200

semidine hydrochloride
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continuous lines as a function of age. After sex was
stratified, the regression tree algorithm (a subclass of
classification and regression tree methods) for age,
which was a continuous outcome variable, was applied
in our analyses to find the best split point according
to the minimum mean squared error (MSE). MSE
was computed as follows: [(yi — 3;)°]/n, where n was
the number of subgroups, y; was observations, and
3 was the one-step-ahead forecasts.”’ Immediately,
the z test was used to determine the significant dif-
ference of the mean value between the two subgroups
divided by the regression tree. Afterward, age- and
sex-specific RIs could be calculated according to the
adjusted optimal segmentation points. If the sample
size of partitions was more than 120, the RIs were
calculated using the nonparametric rank method.
For partitions with a sample size of more than 40
and less than 120, the robust method was applied.
Ultimately, the 90% confidence intervals around the
LRL and URL were calculated using percentile boot-
strap estimates. Spearman rank correlation analysis,
a nonparametric method, was performed to assess the
relationships among electrolyte levels.

Statistical tests were performed with SPSS 22.0 (SPSS)
and R 3.6.0 (R Core Team). All graphics were drawn with
GraphPad Prism 7.0 software (GraphPad Software), and
the parameters of continuous centile curves were esti-
mated by LMS chartmaker Light 2.54 (Medical Research
Council).

Results

Population Characteristics

A total of 9,746 children and adolescents were re-
cruited in the present study. After the application of ex-
clusion criteria, 6,466 individuals with 3,207 males (aged
1 month to <18 years) and 3,259 females (aged 1 month
to <18 years), with a male to female ratio of 1:1.02, were
enrolled in our study. In addition, height and weight
standardized growth charts helped determine the growth
level and nutritional status of individual children. After
comparing with Chinese national standards,” the results
show that although there are some differences in height
and weight standardized growth charts, they mainly
concentrated at the higher age of the weight standard-
ized growth charts (Supplemental Figure 1; all supple-
mental materials can be found at American Journal of
Clinical Pathology online). The overall gap is not signif-
icant, further indicating that the data in this study are
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Recruitment

¢ 1 month to <18 years old
e Community centers and schools
¢ Five districts in Jilin province

l

Participants (n = 9,746)

¢ Questionnaire

¢ Physical examination

e Laboratory examination
¢ Quality assessment

l

Outlier removal
¢ Dixon method

l

Data analysis (n = 6,466) |

Normality determining
¢ Kolmogorov-Smirnov test

l

Age and gender
patitioning

[
/ !

Gaussian Non-Gaussian
distribution distribution:
Box-Cox method

l

Harris and Boyd’s method
Regression tree method

!

Reference intervals
calculating

[
' !

Sample size >120
Nonparametric
rank method

Sample size >40
and <120
Robust method

IFigure 10 Protocol for establishment of reference intervals.

representative. The protocol for data removal and RI es-
tablishment is shown in BFigure 11.

Age- and Sex-Specific RIs

RIs of serum K, Cl, and Mg were only one partition
without sex and age differences. Due to the age difference,
the RIs of serum Na and Ca were divided into three par-
titions. RIs of serum P were divided into six partitions
according to age, and there were sex differences between
children aged 11 to less than 13 years and 13 to less than
15 years. The low and high reference limits for each sex
from 1 month to less than 18 years of age are shown in
ITable 20, and the suggested RIs are shown in ETable 31
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Lower Limit

(95% Confidence Interval)

Upper Limit

(95% Confidence Interval)

Analyte Unit Age Sex No.
Potassium mmol/L Tmoto<18y F+M 6,466
Sodium mmol/L Tmoto<3y F+M 875
3-<9y F+M 2,014
9-<18y F+M 3,677
Chlorine mmol/L Tmoto<18y F+M 6,466
Calcium mg/dL Tmoto<2y F+M 407
2-<6y F+M 1,713
6-<18y F+M 4,346
Magnesium mg/dL Tmoto<18y F+M 6,466
Phosphorus mg/dL Tmoto<ly F+M 144
1<y F+M 3,589
11-<13y M 554
F 597
13-<15y M 372
F 381
15-<17y F+M 577
17-<18y F+M 252

3.76 (3.73-3.77)
131.9 (131.7-132.1)
133.3 (133.1-133.4)
135.2 (135.1-135.3)
974 (97.3-97.5)
9.62 (9.564-9.66)
9.38 (9.34-9.42)
9.14 (9.10-9.18)
1.568 (1.568-1.60)
5.11 (4.92-5.27)
4.562 (4.52-4.55)
4.52 (4.46-4.58)
3.90 (3.87-3.96)
4.03 (3.96-4.09)
3.75 (3.69-3.81)
3.87 (3.87-3.90)
3.56 (3.53-3.56)

5.18 (56.16-5.19)
140.6 (140.4-141.2)
143.0 (142.8-143.1)
144.2 (144.1-144.3)
105.7 (105.7-105.8)
11.38 (11.26-11.42)
11.30 (11.26-11.34)
10.98 (10.98-11.02)
2.19(2.19-2.19)
6.88 (6.85-6.88)
6.47 (6.44-6.50)
6.85 (6.81-6.88)
6.47 (6.38-6.50)
6.75 (6.69-6.85)
5.92 (56.82-6.13)
5.61 (5.48-5.76)
5.08 (5.02-5.11)

Variation Tendency

The continuous centile curves for the serum elec-
trolyte results are shown in Figure 1. The trends of the
serum electrolytes should be interpreted from the me-
dian lines (50th centile) of the charts, since it is the most
stable and representative of physiology. Most analytes
showed substantial age-specific dynamics, especially in
the first several years of life and after the onset of pu-
berty. Concentrations of Na increased slowly with age
and gradually stabilized after 12 years old. The median
levels of K and CI remained relatively stable throughout
the age range, with only one broad age partition. Mg
and Ca concentrations also remained relatively con-
sistent; after a slow decrease in the first 4 years for Mg
and in the first 6 years for Ca, concentrations remained
stable throughout the age range. P required five age par-
titions and additional sex partitions from 11 to less than
15 years old. Concentrations of P remained stable in the
first 10 years, with females dropping rapidly thereafter,
while males aged 11 to less than 13 years increased slightly
and then dropped rapidly. Graphical representations
of the RIs are provided in WFigure 2AN (K), EFigure 2Bl
(Na), WFigure 2CH (Cl), EFigure 2DH (Ca), WFigure 2E1 (Mg),
IFigure 2Fl (P, male), and EFigure 2Gll (P, female).

Correlation Analysis

In total, correlations were assessed among six serum
electrolytes using the Spearman rank correlation method.
When age, sex, and BMI were added as additional vari-
ables, 36 total correlations were involved in the study.
Of these, seven variables, with the exception of Mg and
sex, significantly correlated with age (P <.05). BMI

© American Society for Clinical Pathology

‘ ‘ 15_AJCPAT_aqaa093.indd 713

(r =0.74) and Na (r = 0.42) positively correlated with age,
while P (r = -0.43), Ca (r =-0.21), K (r = -0.10), and Cl
(r =-0.10) decreased with age. The analysis also showed
that P, K, Cl, and Mg were weakly associated with sex,
and the maximum level of correlation coefficient was
—0.14 for P. In addition, when all serum electrolytes were
analyzed together, Mg did not correlate with Cl, and the
maximum level of correlation coefficient was 0.31 be-
tween Na and CI.

Discussion

The establishment of pediatric RIs faces a major
challenge since the collection of blood samples is difficult
to achieve. Therefore, when pediatric Rls are described,
it is not surprising that the sample size is relatively small
and RIs vary among laboratories. For the above reasons,
many clinical laboratory accreditation organizations
and licensing agencies require each laboratory to verify
or establish RIs for each method. Furthermore, testing
technology and the reference population change with
alterations in environmental factors, nutritional factors,
and immigration. Hence, experts suggest that the RI da-
tabase should be updated every few years.” ITable 41 lists
the comparison between the current study and other
RI studies on electrolytes in children and adolescents.
Compared with Chinese adult standards, the LRL of K
was slightly higher in children and adolescents than in
adults. In addition, RIs of K, Na, and Cl were established
using the Canadian Laboratory Initiative on Pediatric
Reference Intervals (CALIPER) cohort for the first time
in 2019.” CALIPER showed a higher LRL and URL for
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K and a more significant downward trend for the URL.
The differences may be due to the distribution of the
sample over age and the disparity of the analysis systems
and methods (dry chemistry method vs liquid chemistry
method). However, compared with other studies,”’ such
differences were not substantial. In the present study, a
slight increment of K was shown in the first year of life
compared with other periods. This may be due to the re-
duction of K secretion by the principal cells of the cortical
collecting tubule, which is contributed by the reduction
of Na'/K" ATPase activity. Furthermore, K secretion
rates only approach adult levels after 6 weeks of life and
are related to increased renal outer medullary potassium
channels.”

Both the LRL and URL for Na were lower than the
Chinese adult standard and CALIPER.” Interestingly,
three age partitions were required to reflect minor fluc-
tuations in electrolyte concentrations in the current study,
while four age partitions for ages 3 to 79 years were re-
quired from the Canadian Health Measures Survey.”* In
addition, continuous centile curves in the present study
enabled people to immediately appreciate the gradual
rising trend of Na with age. The gradual rise during in-
fancy may be related to the dynamic change in the glomer-
ular filtration rate and antidiuretic hormone resistance.
Beyond this period, the continued rise is a complex inter-
play of several physiologic changes.”

Cl and Mg concentrations remained relatively con-
stant throughout childhood and adolescence, with no
age- and sex-related variations. Both RIs were lower
than the Chinese adult standard, and the URL was
lower than the study from the Australasian Association
of Clinical Biochemists (AACB).” Of note, compared
with a survey conducted on the Ortho VITROS 5600
analysis system, however, such differences in Mg
were not shown, and the RIs in our research were
confirmed.” Unfortunately, the RIs for Mg in the
CALIPER trial were nontransferable to the analysis
system. Subsequently, the physiologic trend for Cl,
which showed a downward trend with age, was similar
to Australia’s.’’ The subtle changes in childhood may
be caused by the increase in bicarbonate.’” In addition,
CALIPER suggests that RIs for serum Mg show a high
level in healthy infants during the first 2 weeks after
delivery and progressively drop to adult levels during
the remainder of the first year of life to adult levels.”
Even though this phenomenon exists in the current
study, age was not divided for the result of the z test.
Therefore, combined RIs were suggested for the inter-
pretation of Mg levels in both groups. The remarkably
constant concentrations of the serum Mg depend on
tight regulation and feedback mechanisms.*
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Serum Ca RIs in CALIPER, analyzed on the
Siemens ADVIA XPT/1800, were relatively different from
ours.” Compared with the Chinese adult standard, higher
LRL and URL for Ca were shown. Furthermore, there
were no sex differences, which differed from sex diver-
sity between 1 and 20 years old using the dry chemistry
method.” Because the maternal supply abruptly discon-
tinues at birth, and fetal Ca concentrations drop rapidly
after delivery, rapid mineral accumulation must continue
to support growth. However, the process is handicapped
by impaired renal recovery due to the immaturity of renal
tubules.”* For these reasons, RIs for serum Ca showed
high levels for children younger than 2 years and slightly
declined between 2 and less than 18 years.

The LRL and URL for P were slightly higher than the
Chinese adult standard. However, such a phenomenon
did not occur in the study by the AACB.” Sex partitions
between CALIPER and the current study were incon-
sistent, in which the former was 13 to less than 16 years
old, while the latter was 11 to less than 15 years.” The
reason may be due to the different populations, methods
of the estimation, equipment, and timing of sample col-
lection. Similarly, despite the physiologic adaptations, the
utilization of P outpaces the accumulation and retention
efforts in the neonatal period. P shows substantial age-
and sex-specific dynamics: serum P concentrations are
physiologically higher in younger children and decrease
steadily with age through late adolescence.* In addition,
the fall in P levels during adolescence is earlier in females
than in males, mimicking the sex-related delay in skel-
etal growth.” The reason for this pattern is unclear, but
it may be related to all critical processes of bone growth
and modeling in childhood, including growth plate devel-
opment, bone matrix mineralization, and osteoblast mat-
uration. Another explanation could be the correlation of
fibroblast growth factor 23 and Klotho with age.”” At the
age of 11 years in females and 12 years in males, the con-
centrations of P reach their peak. The phenomenon may
be associated with the increase of bone density, with the
peak of bone mineral deposition later in males than in fe-
males, and both sexes achieve maximal bone density after
the pubertal growth spurt.”

The correlations of most analytes with age and
sex were confirmed by the trend of continuous centile
curves and the calculated value of the RIs. Although
K (r=-0.10) and CI (r =-0.10) correlated with age
(P <.05), given the result of the z test and the weak cor-
relation coefficient, one broad age partition was applied
in the current study. Likewise, there were no sex partitions
except P. CALIPER deem that the understanding of asso-
ciations among biomarkers can provide future studies of
potential confounding factors or particular variables that
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should be considered in test result interpretation for spe-
cific diseases.™ Although only Ca, Mg, and P in the elec-
trolytes were included in their study,™ the results provided
a new idea. Correlation analysis among electrolytes can
reveal the intrinsic links and contribute to the joint diag-
nosis of the disease, which is worthy of further research.

The strengths of our study include the direct sam-
pling technique, a larger sample size based on the pedi-
atric population, and special statistical methods for the
partition of RIs. Even though the indirect determination
of laboratory-specific RIs using patients’ laboratory
data has been proven useful by other studies,”* the truly
“disease-free” status and health of reference individuals
are hard to judge by the statistical procedure. Hence,
the direct sampling technique, the a priori approach de-
scribed in EP28-A3c, was used in the current study. The
direct sampling technique permitted the use of defined
inclusion and exclusion criteria and reduced variation
due to preanalytical and analytical factors. In addition
to this, partitioning with age presents a major challenge.
Although the data are divided by age and sex as dictated
by a firm statistical basis, the medical relevance to the
different divisions and clinical differences must be taken
into consideration. From the above reasons, RIs estab-
lished here do reflect growth and development dynamic
changes by quoting LMS, z test, and regression tree
methods. Discrete age groups may lose some details of
the physiologic variation of analytes with age. With this
in mind, the continuous centile curves are used to com-
plement age- and sex-specific R1s, as well as improve the
presentation and interpretation of laboratory reference
limits. Besides, classification and regression tree analysis
divides the data by a relationship between predictors
and response variables to find the best split point, which
can avoid some artificial or arbitrary segmentation of
reference values.

There are also some limitations. Reported values
in this study are directly applicable only to the Chinese
population and these analytical platforms. However, the
transference of the published RIs according to the guide-
line is possible. Therefore, they might also be useful for
any laboratory if they were transferred to different but
similar methods or if they are validated using a local
patient population. Unfortunately, the transference and
validation were lacking in this study. In addition, data
from the short phase after birth also should increase. The
sample used in this study was serum, not heparinized
plasma. Even though most electrolyte analytes are not
significantly different in the above environments, some
reports have found that K has a statistically significant
difference and clinical significance between serum and

718 AmJ Clin Pathol 2020;154:708-720
DOI: 10.1093/ajcp/aqaa093

‘ ‘ 15_AJCPAT_aqaa093.indd 718

heparinized plasma.*' Lower values for K concentrations
have been confirmed in plasma according to previous
studies, and this may be attributed to the prevention of
clot formation with platelet rupture and potassium re-
lease.”” Considering the above reasons, some scholars be-
lieve that plasma is the preferred sample type for K. For
other assays, serum samples are acceptable. Or, if nec-
essary, separate RIs should be established for plasma.”
Further studies, which take these variables into account,
will need to be undertaken.

In summary, age- and sex-specific pediatric RIs for
six electrolytes were established for healthy Chinese
children and adolescents in Jilin Province. This large
study covered a wide age span from 1 month to less
than 18 years and used a modern analytical chemistry
platform with the dry chemical method. K, Cl, and Mg
did not require partition. Only P required sex partition
in children aged 11 to less than 15 years. In addition,
the potential correlation between Na and Cl was also
worthy to study. Age- and sex-specific pediatric RlIs
not only reflected marked changes and fluctuations in
growth and development but also improved the accu-
racy of laboratory clinical diagnosis, making it an in-
tegral part of clinical decision making.
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