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Abstract

Few researches have been conducted on elements in whole blood of young people. Our study was to investigate the influence
of age, gender and season on the contents of magnesium (Mg), calcium (Ca), iron (Fe), copper (Cu), zinc (Zn), manganese
(Mn), selenium (Se), and strontium (Sr) as well as to establish reference intervals (RIs). We conducted a retrospective study
of 589 apparently healthy children and adolescents. Quantitative analysis had been carried out using inductively coupled
plasma-mass spectrometry (ICP-MS). Test results were analyzed using and MannWhitney U test, Spearman and Pearson
statistical analyses. RIs were defined by using 95% confidence interval. Differences between contents of Mg, Fe, Cu, and
Zn in girls’ and boys’ whole blood were found. Positive correlations for Fe, Zn, Se, and Sr, while negative for Ca and Cu
were found with age. Increasing trends were found for Fe, Zn, and Se, while for Ca and Cu, changes were even decreasing
for children and teenagers. The most frequently correlating element pairs were FeZn, MgSe, and FeSe in five successive age
groups. Lower contents of Mg, Ca, Fe, Zn, and Se were found in summer. Finally, the reference interval of each element was
initially established according to age and gender grouping. The contents of elements in whole blood vary depending mainly
on the gender and age of children and adolescents. The reference intervals of elements in whole blood grouped by age and
gender provide a reference basis for clinical diagnosis and treatment of element-related diseases.
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Introduction the activity of a variety of enzymes, promote nucleic acid,
amino acid metabolism, and are involved in protein syn-

The content and metabolism of constant and trace elements  thesis [1-5]. The lack of these elements will cause physi-

are closely related to the normal development and health
of the human body. Nutrient elements such as magnesium
(Mg), calcium (Ca), iron (Fe), copper (Cu), zinc (Zn), man-
ganese (Mn), selenium (Se), and strontium (Sr) can affect
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ological and pathological phenomena such as slowing down
of body growth, reduced immune function, and decreased
memory ability [6]. Elements excess are as equally harmful
as deficiency. An excess of one element can lead to a rela-
tive lack of other elements. Excessive or deficient contents
of elements in the body can cause diseases of different organ
systems, and the severity of the disease is directly related to
the degree of excess or deficiency [7-11].

Many factors affect the content of elements in the blood,
urine, hair or nails and biological monitoring of trace ele-
ment concentrations in various media is of great importance.
Thus, it is difficult to unequivocally assess which of the indi-
cators is the best. Actually, complementary element analysis
in many media (including 24-h urine collection) allows the
assessment of element level in the body. The content of ele-
ments in the hair or nails may not be good indicators for
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many factors’ affection. Retention of 24-h urine is time con-
suming and laborious, which is difficult to collect for infants.
In comparison, the content of trace elements in whole blood
has become a very popular index to evaluate the nutritional
status of body, which is better than the hair, nails, serum,
and so on [12, 13].

At present, most clinical laboratories use atomic absorp-
tion method to detect element content, but this method has
the disadvantages of testing fewer types of elements one
time, longer detection time, and narrow linear range. Induc-
tively coupled plasma mass spectrometry (ICP-MS) has a
wide linear range, lower detection limit, high sensitivity,
fast detection speed, and can detect trace elements at micro-
gram or even lower levels in samples. It can detect multiple
elements at the same time, so ICP-MS is gold standard for
element detection [14, 15].

The importance of constant and trace elements includ-
ing their contributions for children’s and adolescents’ health
and diseases has been increasingly recognized, and it has
also caused a high degree of concern in the medical and
nutritional communities [7, 9, 12, 13]. In our clinical work,
we found that the contents of elements in the venous blood
of children and adolescents varied greatly in different age
groups, and there are even differences in the levels of ele-
ments between boys and girls. How to correctly assess the
nutritional status of the body according to the content of
the nutrient elements has important clinical significance.
In this paper, we attempt to evaluate the concentrations of
essential elements such as Mg, Ca, Fe, Cu, Zn, Mn, Se, and
Sr using ICP-MS in children’s and adolescents’ whole blood
(girls and boys) in age groups corresponding to successive
phases (infant stage, toddler stage, preschool stage, school
age stage, adolescent stage) of human ontogenesis as well
as to find the reference interval for children and adolescents
in Shandong Province, east China.

Methods
Study Design and Patients’ Selection

In total, we retrospectively collected 731 nutrient element
detection reports of children and adolescents from the Labo-
ratory Information System of Shandong Provincial Hospital
Affiliated to Shandong First Medical University (the pro-
vincial medical union base) from May 2020 to April 2021.
Finally, 589 apparently healthy children and adolescents (366
boys, 223 girls) were screened for analyzing the nutrient ele-
ments in children and adolescent of Shandong Province, East
China. Inclusion criteria include the following: no complaints
of discomfort, no abnormalities in physical examination, no
acute or chronic diseases, and good physical development
evaluation. Young people were divided into five successive

@ Springer

age groups as follows: Groupl <1 year (33 boys, 30 girls),
Group2 < 3 years (71 boys, 55 girls), Group3 <6 years (98
boys, 64 girls), Group4 < 12 years (129 boys, 57 girls), and
Group5 < 19 years (35 boys, 17 girls). According to the sea-
son, it is divided into 4 groups, spring (March to May, 96
boys, 56 girls, average age 5.55+3.79), summer (June to
August, 100 boys, 69 girls, average age 4.69 +4.37), autumn
(September to November, 102 boys, 59 girls, average age
5.20+3.97), and winter (December to February, 68 boys, 39
girls, average age 5.31+4.12). This study was approved by
the Medical Ethics Committee of Shandong First Medical
University in accordance with the Declaration of Helsinki
(ethical approval number is SWYX: No. 2020152).

Laboratory Evaluation

Peripheral blood samples were collected from children and
adolescents on an empty stomach and stored at 4-8 °C.
Nutrient elements in whole blood were determined within
one week using Agilent 7900 Inductively Coupled Plasma
Mass spectrometry (ICP-MS) (Agilent, Tokyo, Japan). The
ultrapure water (> 18.0MQ.cm, 25°C) used in the experiment
was prepared by a Milli-Q ultrapure water meter (Millipore
Corporation, USA). Whole blood element testing kit was
used for measurement (LOT: WL191102; Baiqin, Hang-
zhou, China). The performance evaluation is as follows:
the matching calibrator (LOT: 20011401) were tested for
3 times for assessing the linearity. In accordance with the
Clinical and Laboratory Standards Institute (CLSI) 15A-3,
within-run coefficient of variations (CVs) and total CVs
were calculated in four replicates of two concentrations of
quality control products (LOT:2001140) every day for five
consecutive days. Trace Elements Whole Blood L-2 RUO
(LOT: 1702825, Seronor™, Norway), which have been ana-
lyzed in independent laboratories (ALS Scandinavia AB,
Luled, Sweden), was determined for estimation of bias. The
internal standard recovery was within 80120%.

Statistical Analysis and Assessment Criterion

Statistical analyses were performed using GraphPad Prism Soft-
ware Version 5.0 (La Jolla, CA, USA). ShapiroWilk normality
test was used for normality test. Because not all of the data were
normally distributed, we present all data as median (Q1, Q3)
and use MannWhitney U test for comparison between groups.
Spearman or Pearson coefficient values for correlation of two
statistical variables were also determined. All calculations for
definition of reference intervals (RIs) were based on CLSI docu-
ment EP28-A3c (2008). The 95% confidence interval (x + 1.96s
for normally distributed data; P, 5 ~Pq, 5 for non-normally dis-
tributed data) was used as RIs [16]. All p values were two-tailed
and p values less than 0.05 were considered significant.
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Results

Performance Evaluation of ICP-MS in Detecting
Nutrient Elements

Limit of Detection (LOD) and Limit of Quantification (LOQ)

The LOD and LOQ were determined through detection
of reagent blank for at least 10 times for each analyte and
the standard deviation (SD) was calculated. The LOD was
defined as three times of SD while the LOQ was defined as
ten times of SD. The LODs of Mg, Ca, and Fe were 0.003, 0,
and 0.006 mmol/L, Cu and Zn were 0 and O pmol/L, Mn, Se
and Sr were 1.366, 0.695, and 0 pg/L; LOQs, 0.009, 0, and
0.021 mmol/L, 0 and O pmol/L, 4.552, 2.316, and 0 ug/L,
respectively (Supplemental Table 1).

Linearity

Linearity was evaluated via linear regression of the cali-
brator concentrations on the theoretical concentrations. The
correlation coefficients (rz) of linearity for Mg, Ca, Fe, Cu,
Zn, Mn, Se, and Sr were > 0.999 (Supplemental Fig. 1).

Precision

Precisions of Mg, Ca, Fe, Cu, Zn, Mn, Se, and Sr were eval-
uated using two concentrations of quality controls (QC).
The within-run CVs (2.8 ~7.7% for lower QC, 3.1~4.7%
for higher QC) and total CVs (3.6 ~12.2% for lower QC,
5.5~10.1% for higher QC) for eight nutrient elements are
shown in Supplemental Table 2, respectively.

Estimation of Bias

Comparing with the analytical data of Seronorm™ Trace Ele-
ments Whole Blood L-2 RUO, bias of Mg, Ca, Fe, Cu, Zn,
Mn, Se, and Sr was all within 10% (Supplemental Table 3).

The Content of Nutrient Elements in Both Girls’
and Boys’ Whole Blood

The contents of Ca, Mg, Zn, Cu, Fe, Pb, and Cd expressed
as 25th, 50th (median) and 75th percentiles in children’s and
adolescents’ whole blood are shown in Table 1, while the
average and SD values are presented in Fig. 1. Higher con-
tents of Mg, Fe, Cu, and Zn were detected in boys’ whole
blood, in comparison to girls’. And there were also differ-
ences of Mg, Cu or Mn between boys and girls in the < 6-year
groups, < 12-year groups, and < 19-year groups, respectively.

In the Individual Age Groups, the Differences
Related to Contents of Elements in Whole Blood
of Tested Children and Adolescents

As shown in Table 2, on the basis of the Spearman test, we
found positive correlations for Fe, Zn, Se, and Sr, while negative
for Ca and Cu in girls’ or (and) boys’ whole blood. However, in
case of Mg and Mn, there are no statistically significant correla-
tions between their content and age of the children and adoles-
cents. Meanwhile, the change trend of each nutrient element in
different age groups is presented intuitively in Fig. 1. The con-
tent of Fe, Zn, and Se in gitls or (and) boys increased with age,
while the content of Ca decreased with age. The content of Cu
increased first and decreased subsequently with age. But there
were no obvious change trend of Mg, Mn, and Sr. MannWhit-
ney U test was applied to establish whether there were statisti-
cally significant differences of the nutrient elements between the
individual age groups. Results of the analysis pointed to major
significant differences in Ca, Fe, and Zn contents between the
individual age groups, both for girls’ and boys’ whole blood
(Table 3).

Relationships Between Element Contents
in Children’s and Adolescents’ Peripheral Blood

Spearman or Pearson test revealed a large number of correla-
tions between nutrient elements in boys and girls of different
age groups. Positive correlations between Fe and Zn (except for
the < 6-year and < 19-year groups in girls), Mg and Se (except
for the < 3-year and < 12-year groups in girls), and Fe and Se
(except for the < 6-year and < 19-year groups in girls) are fre-
quently observed. The infrequent negative correlations have
been found only for Cu and Sr (< 3-year group in boys), for Se
and Sr (< 19-year group in girls) (Table 4).

In Different Seasons, the Differences of Element
Contents in Both Girls’ and Boys’ Blood

There are seasonal variations of each element visually shown
in Fig. 2. Various elements (Mg, Ca, Fe, Zn, Se) performed a
low concentration trend in girls’ or (and) boys’ whole blood
in summer comparing with in winter.

Reference Intervals for Eight Nutrient Elements
in Children and Adolescent

Based on the above investigated data, preliminary RlIs for
each element are established in Table 5 based on age and
gender. There are some observable differences among dif-
ferent age groups or between boys and girls.

@ Springer



F.Luanetal.

(100°0> s ‘10°0> dyey ‘60°0> ) SHIS pue SA0Q U2aMIIQ POO[G S[OYM UT JUNOWE SJUSWI[Q JO SOIUIIYIP JuedYIuIS

68°Cr 0¥'9¢T 981 0S¥C9L LoLot 091°0v¥  000°9L 0089t I¥'0L  08¢cT 6l'l¢ 05°S106 OL'LLYL 08919 008°06 0TI‘1S wnwixejp
ST'LE 0T'€0T 08¢l 06'CS19 89°6€6 009°sTy 0049 09L1¥ ey 0v'981 9S¥l 05°0L89 88'8¢6 0v9'8Sy  00v'+9 0ze'9y  drmuedrad %6,
9¥'0¢ 09°1LT LEOT §6°029¢ 96818 091°86€ 00829 %0800 L6ve  00°€91 10°11 0T°8CI19 ¥8°L98 008°CTy 00919 #096°TY UBIPIN
S1°9¢ 008171 068 0T SI8y ¢6'1CL 0TI'S9E  009°6S 091°8€ 65vC  Ovevl €6'8 0€°8I¢eS Y0 T6L 0vT'08¢  008°8S 09€°6¢  oImuadrad 967
6LS1 or9tl L6'9 $8°L69¢ ¥8'659 0TL'98T  008°tS 08cT'S¢ w9l 868 ¥9'¢ 00°SCTy 0T°LT9 0T€'80C  00T'6Y 00¥°cE Wity
(L1=N) 61> (se=N) 61>
€1'¢9 (US4 19'6C 0S'I¥LL Y8 SLY1 0TS‘667  008°CL 089°61 €V'8L  06CLY 88'I¢ 0S°119L 88°C081 091°%TS 00918 0809 WINWIXeN
L09¢ 06’16l lad! $8'658¢ 08°Cs01 ovy'sor 00899 096°Ty w9e 06061 8e¢cl GC €688 9¢'celil 091°CI¥ 00089 0z6°cy  oImuadrad 96/
£v'ec 08'9LI 8¢'I1 OI'Eles #9106 0zr'e6e 00849 09L 1Y cLoe  0€°L91 811 seeres #x0V01 08T°¢8€  009°S9 08T 1 UBIpIN
£v'ee 0S'191 89'8 §9°209v 6’678 ovy'e9e 00919 09€°6¢ wre  08Lyl 068 SL9t6Y 09°1C6 ovy'e9e  008°C9 088'8¢  ornuadrad %67
00°S1 007921 6T 0L°00¢€ sT6vy 0TL'YIE  000%S 089°1¢ YSyL 9T'86 1'C 0Tve0€ 8¥'8C9 091°0€C  00T°LY 0v9°TE Wit
(Ls=N) 21> (6T1=N)T1>
YLYS 08°L9¢ 16'vC 057 1TTL 80°98¥1 00¥'0LY  000°9L 0CI'IS 668G 09°€eT €29 00790€L [4aeid! 009°€Sy  00T°6L 0TLYS wnuwixep
Y1'9¢ 0s°061 6€v1L 09°€Trs 969011 08¥'96€  000°0L 08¥°'Th 9L9¢ 09981 18°C1 09°99¢¢ L8611 0TEYOr  008°89 091¢y  onuadrad 96/
€16t 0€'891  «IV'1I1 ST'EV8Y  #xx87°€66 089°69¢ 00899 #+080°0% 66'8C  06C91  «9¥°01 OCTYVILIS  #xx09'1801 089°6LE 000199  #x08CT°1¥ UBIPIIN
6£°€C 08°€ST L8'6 SIsLey 8TEl6 or8ere  00T°€9 0T6°LE 99 01911 w8 0€°6T9% 80°066 0T6°€SE  00T°€9 09¢°6€  omuadiad ¢z
971 SL'16 98l (474 9¢°L89 00T°1ZC  000°0S 00T°sT Y€Cl 06011 8¢ S€'L90¢ ¥8'6EL 096°09¢  009°€S 088°C€ wnuwiui
r9=N) 9> (86=N) 9>
Pees 0C'TeT LLVT S'LTLY 9'6CS1 0TEvLY  00T°€8 0T6'6Y aL'es  0LTIT 1424 0$°LT08 9¢°€T8I 0ze'6Ly  00v°T8 oveys WNWIxen
wle oI 181 0S¢l Se'961 [45 318! 08088 008°CL orv'er Y0Ce  09°9L1 el SL'EESY ¥9°08¢C1 0v8°S8¢  00¥'TL 0z6'cy  ommuedrad %6/
8T 08°191 €ell £00cy ¥8°GLOT 009°SSE  009°69 00 1Y er'vye  0V'6SI viel §TSs6¢E cLvell 08879 00T'69 0r0‘1v UBIpIJA
se6l 0L'sel 449 3:53%23 91'9¢01 0zeEreEE  00v99 09€°6€ €8°0C 0911 186 0I'v8s¢ 91001 0zTL'TVE  009°S9 0TI6e  omuediad %6
6£01 61°¢6 'l SL'LI8T 9918 00v'9vT  009°6S 000°9¢ Iyl €8°9L e 01°965C 91°00L 0TET6T  000°CS 089°T¢ wnuiuiy
(S§=N) £> aL=N) €>
09°ccl 08981 91'0C [4%%139 8681 0Ts'6Ty  000°T8 00z‘6¥ €18 09ClT €6'vC %1% 9I'9GLI 0v9°88€  008°C8 08CT'LY WINWIXeN
e 09°¢91 LOST S6'9cty 8801 095°0S€  00v'8L 08Ty 1T0e 00Tyl 43! 08'1768¢ 96'96C1 00T°LYE  00T'LL 00zcy  omuediad %6/
06CC 0S'1vl €91 SO's01E L9001 0orTyTe  00b'vL 09¢€°6¢€ 8v'€C  00°0€l Syl 06°S0¢€ 89°€901 096°TTE  008°TL 09€°6¢ UBIPIN
G181 0¢' 1Tl 87’8 SIeclc I8 00896  00t"0L 0TL'9€E SOvL  0L901 6¢'8 G8'8817C 9E'er6 08¥'86C  008°89 089°L¢  omuddrad 967
99°Cl LE08 18°1 SL'LTIT 8Y'¥8Y 000°TST 00099 088°C¢ LO'8 LI'EL ¥8°0 08'91¢ClL 07°659 000'8€T  009°€9 0T8T Wity
(og=N) 1> (ge=N) 1>
09°CCl  08'L9¢ 19'6C SIvLL 9°6CS1 0Ts‘667  00T'€8 0TI‘1S €C'I8  06CLY 88°I¢ 05°S106 9¢°€T81 08919 008°06 0809 WINWIXeN
6LvE 06°¢81 Yyl LOIsS 87°C601 009°L6€  00T°IL 0TLTY LT9E  06°G81 LSET 00°LOLS VT8LIL 000°90%  00%"0L 091%F omuadrad 96/
#xV8'LT 08°691 €ETL #4STILY  #9€°L001  #+000%9€  00T'LY #0950y #xLT6C  0€7C091 0TIT  #x08'150S #+80VSOT  +x088°9LE  00¥99 #08C° 1 UeIpON
oree 0v'Lyl €€°6 S'6v0r 967C88 08v'ore  009°€9 00t'8¢ T 08ovl £8'8 S8LITY ¥8°1¢6 089°ISE  00T°€9 088°8¢  ornuadrad %67
6£01 LEO8 'l SL'LTIL 8T6vy 00T°I1ZC  000°0S 00T°ST LO'8 LT'EL ¥8°0 08'91¢CI 0C°LT9 0T€'80C  00T'LY 0T€8C WINWIUIA
(€2t=N) (99¢=N)
1S EN upN uz n) o ) SIN SHID 1S EN up uz n) o ) SIN skog

dnoi3 o3e 03 Surp1099€ PoO[q d[oyM SA0q pue SIS ul (7J/3r) SUSWTR JO JUSIUOD JO SIN[BA UBIPIW PUE I[IUISJ | d]qel

pringer

Qs



Analysis of Eight Nutrient Elements in Whole Blood of Children and Adolescents Using Inductively...

450000
420000
390000
2 360000

330000

Fe

A B Ca C
Mg
75000
44000 e AT
- ALL
43000 -=- Boys 72000 -=- Boys
ir - Girls
- + Girls ~ s
= 42000 & i 3
% ® 2
= 41000 2 =
& = 66000
= 40000 S
39000 63000
H
6500- -~ ALL
6000- -#- Boys
5500- - Girls
3 5000- 2
Z 4s00. ES
g 4000- 3
3500-
3000-

0 <1 <3 <6 <12 <19

0 <1 <3

880.

- ALL
-#- Boys
~#- Girls

- ALL
= Boys
« Girls

Fig.1 The change trend of each nutrient element (ug/L) in succes-
sive age groups. Line charts were used to visually display the changes
in the contents of various elements in the peripheral whole blood of

boys or (and) girls with age. Data were expressed as means =+ stand-
ard deviation. Significant differences of element contents between age
groups are listed in Table 3

Table 2 Spearman coefficient

. Mg Ca Mn Fe Cu Zn Se Sr
values for correlation between
content of elements in whole All 008  —053""  —005 045"  —031"" 062" 026" 026"
Girls  0.04 —0.62""" —-0.06 046" —0.34™" 059" 0347 0.24™

Significant correlations of elements in whole blood and age (¥***p <0.001, **** p <0.0001)

Discussion

The importance of elements for human diseases has been
increasingly recognized, including their contribution to the
growth and development of children and adolescents [17, 18].
In this study, we investigated the contents of eight nutrient
elements in peripheral whole blood of children and adoles-
cents using ICP-MS, and analyzed the differences and cor-
relations between elements according to gender, age or sea-
son. Then, reference interval of each element was established
according to age and gender.

Dynamic changes regarding weight and growth gain hap-
pen in children and adolescents. Trace and constant elements
play an important role in growth and development. Accord-
ing to the special functions of different nutrient elements in
the human body, the detection of functional indicators such
as certain enzyme activities can also indirectly reflect the
nutritional status of human elements, such as ceruloplasmin
and selenoprotein P [19, 20]. However, these biological indi-
cators change only when the element is severely deficient.
Therefore, early and accurate detection of element deficiency
is very important. The content of elements in biological sam-
ples is extremely tiny, and accurate measurement requires
high-precision instruments. The performance evaluation

results of ICP-MS for detecting nutrient elements showed
high sensitivity, high precision, and high accuracy. So the
use of Baiqin kit to detect nutrient elements on ICP-MS can
fully meet the clinical requirements. In addition, the accurate
detection of nutrient elements also needs to exclude contami-
nation and other influencing factors during the collection,
storage, and testing of samples.

According to our statistical results, the content of nutrient
elements in whole blood has a certain relationship with age,
gender, and season. On the one hand, it may be that different
growth stages have different requirements for different nutri-
ent elements. On the other hand, it may indicate that a certain
element is lacking in a certain age group. The content of Ca
had a downward trend with age and was negatively correlated
with age. High levels of Ca in infants and toddlers must be
related to supplementation habits of vitamin D after birth
to 23 years old. Thus, preschool, school-age children, and
teenagers especially need to pay attention to calcium sup-
plementation and take more time for outdoor activities. The
content of Fe increases with age except for girls from the < 12
age group to the < 19 age group; it should be the cause of
menstrual cramps in teenagers. For the highly positive corre-
lation of Fe and Zn, Zn has the same change trend with Fe. So
adolescent girls should take extra iron and zinc supplements.
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Table 3 Results of the significant differences of nutrient element contents between individual age groups in whole blood for boys and girls respectively

&

Girls

<19 (e)
Boys

Girls

<12 (d)
Boys

Girls

<6 (c)
Boys

Girls

<3 (b)
Boys

Girls

<1(a)

Boys

Springer

a¥

a***’b***’c** a***’b***

a® c*

c* a* a* d*

b*,d*

Mg c*,d*e*

Ca

a***’b***’c**

s

a***’b**’ d**’e** a***’b***’ ekk%

a***’b***, ek

>

a***’c**
dkwk gk

s

a**’c***
drkk exkx

s

b***’c***
soksk askoksk
€

s

b**,C***
gk gk

s

5

s

)

s

‘r:1>l<>l<>'ﬁ7b>l<>'ﬁ7 c*

s

>

akFE pEEk
C***,d***

Qs Pk ok

s

s

PEE TR LT

akEE ek

s

s

a¥Fk pk ek

s

5

akFE JEEkk akk

a>l<>'ﬂ>l<’c>'ﬂ7

s

)

d***’e***

s b¥kk okE*
b**’e*

)

bkkk ksok
d***’e***

Fe

d*x*’ex**

a*’bx**’ C**x’d*x

a***’b***’
C***,d***

b***,C*, ek*

b***’d*’e*** b***’c**’ ekkE

d**’e***

>

a**,C***
d***7e***

d***’e***

ekkE

Cu

a***’b***,c**

a***,b***,
folakolaits koot

a***,b***,c*

s

a***,b***
cRFER @k

a***’b***’d*’e**

s

a***’b***
drkk gkkE

>

a***’c***
dkk gk

s

a***’c***
d***’e***

)

* *
b* *,C sk
dikwk gk

s

*
b **,C***
drkk gkkk

Zn

)

5

s

s

s

s

b*

c*

Mn

ok

qFEk

a***7b**

a***,b**

Plakola

sk

a¥¥ dF*

a***7d**

>

)

d***’e**

b¥* ok
d*

s

s

b¥FEk okEk*x
d***’e***

Se

b**

s

qFdk pksk

bk*

a***,b*x*

b**

C**,d***, ex* a**,b*, e*

ok dEkk ekiEk
5 s

C**,d***, ko

Sr

Significant differences of elements’ amount in boys’ and girls” whole blood between two age groups (*p <0.05, **p <0.01, **¥*p <0.001, ****p <0.0001)

Both Mn and Sr have large ranges of variation, which are
most likely related to the habit of drinking and diet. Most
of the elements present a higher level in autumn and winter,
generally due to the geographical and custom characteristics,
such as hot climate, more sweat, and vigorous metabolism of
the body, the reduction of outdoor activities in summer, and
the habit of tonic in autumn and winter; so it is especially
necessary to supplement nutrients in summer.

Maria Dtugaszek et al. reported the inter-element interac-
tions in human hair [13]. Thus, we analyzed the correlations
between the elements in whole blood. More positive cor-
relations were found between Fe and Zn, Mg, and Se. The
interactions may be due to the similar physicochemical prop-
erties of the elements and the similar size of atoms [13, 21].
In case of Cu and Sr, the negative correlation may be metallic
elements competing for binding sites in biomolecules [21].
The correlations between two elements can reflect mutual
synergic or antagonistic interactions between them during the
absorption process, transmembrane transport, accumulation,
and excretion phases [13]. It was found that there were more
related elements in boys than that in girls, which may be due
to the smaller number of girls in the study.

Multi-center studies are the best choice to obtain valuable
RIs. As to the particularity of nutritional elements affected
by multiple factor (age, gender, season, region, and environ-
ment), we analyzed the levels of elements in whole blood of
children and adolescents in Shandong Province representing
east China by ICP-MS. Sample size is really an important
issue for establishing the reference interval, and a larger
population of young people will have more clinical value.
According to CLSI C28-A3, the minimum sample size for
newborns and infants is 20 cases, but it is recommended to
recruit at least 40 cases [16, 22]. Thirty three boys and 30
girls were included in Group <1 year. So the sample size
was adequate. Thus, there may be other reasons for the broad
reference ranges of Mn and St (in the < 1 group). Mn and Sr
are indispensable trace elements and mainly ingested by the
human body through food and water. Mn is abundant in cere-
als and low in meat. Ordinary drinking water or pure water
contains very little Sr [23-25]. So, eating and drinking habits
have a huge impact on these two elements in the body. The
Mn and Sr levels of an infant (< 1 year) a strongly linked
to how he or she is fed. Our investigations find that there
are big differences in the feeding patterns of infants < 1 year
old. The differences are as follows: artificial feeding (differ-
ences in brands of milk powder), breastfeeding (differences
in mother’s diet), birth season (differences in seasonal food),
and the time to add supplementary food and so on.

The reference range of nutrient elements in whole blood
of children and adolescents obtained in this study varied
from the current reference range used in lab (supplied by the
third-party clinical testing organization Hangzhou Baichen
Medical Laboratory Co., Ltd.). The content of elements
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Table 4 Statistically significant correlations between contents of elements in girls’ and boys’ whole blood in successive age groups and corre-

sponding values of Spearman or Pearson correlation coefficients

<1 <3 <6 <12 <19
Boys
Mg—Fe*** 0.58 Mg-Ca** 0.34 Mg-Ca*** 0.34 Mg-Ca* 0.22 Mg—Fe*** 0.75
Mg—Cu* 0.41 Mg—Fe*** 0.54 Mg—Fe*** 0.48 Mg-—Fe*** 0.43 Mg—Zn** 0.49
Mg—Zn* 0.43 Mg—Zn* 0.25 Mg—Cu** 0.31 Mg—Cu*** 0.36 Mg-Se** 0.49
Mg-Se** 0.45 Mg-Se** 0.35 Mg—Zn*** 0.44 Mg—Zn** 0.28 Ca—Cu** 0.49
Ca-Mn** 0.45 Ca-Mn* 0.27 Mg-Se** 0.30 Mg-Se* 0.21 Fe—Zn** 0.49
Fe—Cu** 0.45 Ca—Cu*** 0.40 Ca—Cu** 0.30 Ca-Mn* 0.22 Fe-Se* 0.37
Fe-Zn* 0.44 Fe—Zn*** 0.39 Ca-Se* 0.22 Ca—Cu*** 0.29 Zn-Se*** 0.58
Fe—Se*#** 0.61 Fe—Se*#* 0.56 Mn-Fe** 0.31 Mn-Zn* 0.18
Cu—Zn** 0.48 Cu-Sr* -0.26 Fe—Zn*** 0.47 Fe—Zn*** 0.39
Cu-Se* 0.42 Zn-Se** 0.35 Fe-Se* 0.23 Fe—Se*#* 0.42
Zn-Se* 0.40
Girls

Mg—Cu*** 0.58 Fe—Zn*** 0.49 Mg-Ca* 0.26 Mg—Ca** 0.37 Mg-Ca* 0.51
Mg-Se* 0.44 Fe—Se*** 0.51 Mg—Mn* 0.27 Mg—Fe** 0.41 Mg-Se** 0.62
Ca-Mn* 0.41 Zn-Se* 0.33 Mg—Fe*** 0.46 Mg—Cu** 0.42 Zn-Se* 0.52
Fe—Cu** 0.54 Mg—Zn*** 0.47 Mg—Zn* 0.30 Se—Sr#* —-0.63
Fe-Zn* 0.42 Mg—Se*** 0.51 Ca—Cu*** 0.44
Fe—Se** 0.53 Ca-Sr* 0.31
Cu—Zn*** 0.71 Fe—Zn*** 0.43

Fe-Se* 0.30

Zn-Se* 0.31

Significant correlations of two elements (*p <0.05, **p <0.01, ***p <0.001, ****p <(0.0001)

does change and fluctuate with age and sex, so the reference
range should be evaluated by population. In China, the living
conditions and dietary habits vary greatly among regions.
In addition to age and sex, the daily diet or nutrient intake
information of the population is also important. According

A Mg B Ca
72000
46000 -
45000 71000 oy
44000 00y B
= 43000 3 69000.
2 oo B qanoo
2 41000 § 67000
40000 66000
39000 65000-
0 Spring  Summer  Autumn  Winter o Spring  Summer  Autumn  Winter
Season Season
E F
Zn Mn
5800
5600
5400-
3 5200
J 4800
4600-
44004
4 T
winter 0

spring. autumn  winter

Season Season
Fig.2 The change trend of each nutrient element (ug/L) in successive
seasons. Line charts were used to visually display the changes in the
contents of various elements in the peripheral whole blood of boys
or (and) girls with season. Data were expressed as means + standard

to the Report on Nutrition and Health of Children and
Adolescents in China, Shandong Province took the lead
in participating in the nutrition improvement plan for
compulsory education students, so the nutrition of children
and adolescents in this research area is relatively reasonable.
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all, boys, girls: ***p <0.001)
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Table 5 Reference intervals for nutrient elements (ug/L) in whole blood of successive age groups and gender groups
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46,000-84,000

56,000-78,800*
281,120-453,040°

56,000-80,800°
292,320-474,320°

49,200-90,800°
292,880-525,840%
627.20-1477.76"

56,800—76,000? 56,000-73,200P
315,840-466,480°

296,240-452,430*

59,200-80,000*
292,320-464,800P

64,000-83,200*

Ca

274,960-530,320
403.20-1814.40

248,080-397,600*
554.24-1515.52%
1129.05-5185.05%

Fe

641.92-1461.12°
2352.35-6999.852

700.16-1509.12°
2669.55-7253.35%

648.32-1447.68°
3785.60-6938.10°

814.08-1440.64°
3400.80-6652.10

786.56-1529.60°
2817.75-6596.85°

Cu

0-15: 3076.45—

6748.30

3965-8092.50*

Zn

>16: 4267.25—

8236.80
3-36

4.02-20.16°
93.19-236.41°
14.51-59.29°

3.84-22.19°
98.26-218.83°

3.64-31.19°
103.46-234.94*

4.03-20.24°
111.73-239.74°

4.50-19.16°
113.29-224.73°

3.68-22.66°
104.69-211.91*

1.76-17.32%
69.11-195.49*

Mn

100-340

10-45

Se

14.11-56.18 ® 13.81-54.13° 16.21-56.56° 10.82-57.74% 13.74-55.55°

9.10-81.23°

Sr

a: x + 1.96s for normally distributed data; b: P, 5~Py, 5 for non-normally distributed data

It is necessary for laboratories to set recommended levels
based on nutritional status and requirements.

In recent years, most studies reported on serum or
plasma element levels in adult. Norway’s national user
manual in medical biochemistry recommend 63—-126 pg/L
of Se in the plasma [26]. The Swedish reference range is
even lower at 55-95 pg/L [26]. Pacific BioLabs in USA
reported that the levels of strontium in human serum sam-
ples range from 19 to 96 ng/mL [25]. Because of the influ-
ence of intracellular elements, the content of some ele-
ments in serum or plasma differs greatly from that in whole
blood. Reports on the contents of elements in children and
adolescents are more common in the hair [13, 27]. Assess-
ing the contents of elements in the hair to evaluate the
metabolic status in the individual is controversial because
of environmental exposure to contaminants. Above all, the
whole blood element level is a more valuable reflection of
the element content in the body.

Diagnosis of trace element deficiency is really difficult.
Appropriate nutritional deficiency threshold is dependent on
age, gender, baseline nutritional history, and overall clinical
status. Aschner M et al. reported that low concentrations of
Mn in children (< 8.154 pg/L) have also been associated
with lower color scores in the Stroop Color-Word Test [23].
The above cut-off-point for Mn is significantly higher than
the lower limit of our established reference interval. But the
measure reflects more cognitive flexibility and processing
speed rather than nutritional status. Besides, we have not
found other suggested cut-off-point for whole blood nutri-
tional deficiencies of elements. But deficiencies of nutrient
elements have many long-term adverse effects on children’s
growth and development. In addition to early detection and
intervention, it is more ideal to take effective measures to
prevent children and adolescents from nutritional deficien-
cies [28]. Preventive supplementation of nutrient elements
emphasizes low dose and long-term supplementation, while
treatment of deficiency emphasizes adequate amount and
correction in a short time as soon as possible, so as to
reduce adverse effects on the growth and development of
children and adolescents. Long-term follow-up and regular
monitoring are needed to prevent the recurrence of nutrient
deficiency [29]. In this study, we evaluated a population of
healthy children and adolescents, and the obtained data is
hoped to be helpful for clinical assessment for determining
the appropriate level of nutritional intake and the need for
supplements in children and adolescents.

Conclusions

In conclusion, by analyzing the contents of nutrient elements
in whole blood of apparently healthy children and adoles-
cents using ICP-MS, differences in elements’ contents were
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found to be dependent on gender and age, and the strong-
est correlations are observed for Fe-Zn, Mg—Se, and Fe—Se
pairs both for girls and boys. Reference intervals worked out
for elemental contents are hoped to be helpful for clinical
assessment for children’s and adolescents’ development and
health care.

Abbreviations ICP-MS: Inductively coupled plasma-mass spectrom-
etry; RIs: Reference intervals; Mg: Magnesium; Ca: Calcium; Fe: Iron;
Cu: Copper; Zn: Zinc; Mn: Manganese; Se: Selenium; Sr: Strontium;
CLSI: Clinical and Laboratory Standards Institute; CVs: Coefficient
of variations; LOD: Limit of detection; LOQ: Limit of quantification;
SD: Standard deviation; QC: Quality controls
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