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Abstract

Background: Metabolic syndrome (MetS) is significantly associated with the risk of cardiovascular disease and its
prevalence is showing a trend of getting younger. Previous studies on the relationship between elements and MetS
were mostly reported in adults with single element analysis, while reports in children with combined effects of mul-
tiple elements were very limited. The aim of this study is to investigate the association between whole blood Cu, Mg
and Zn in both single and combined effects and MetS components in rural Chinese children aged 6-12 years based
on the data from 2010-2012 China National Nutrition and Health Survey.

Methods: A total of 911 children (51.2% male, 48.7% female) aged 6-12 years were included. Basic characteristics
and MetS component parameters were collected and determined by trained stuffs. Elements were detected by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Multivariate logistic regression analysis was performed to
examine the independent relationship between elements and MetS components.

Results: In single metal analysis, copper was positively associated with elevated waist (OR=2.00, 1.18-3.28) and all
of the metals were associated with elevated TG. And the comprehensive analysis of multiple elements were mostly
consistent with the results of single element analysis (low Cu + high Zn with elevated TG (OR=2.21, 1.18-4.13), high
Cu+low Mg with elevated TG (OR=0.40, 0.16-0.95), high Cu + high Mg with elevated waist (OR=2.03, 1.26-3.27)),
except the combination of Zn and Mg (high Zn + low Mg with reduced HDL-C (OR=0.47, 0.28-0.77)).

Conclusions: Our study suggested Cu, Zn and Mg in children are indeed associated with metabolic syndrome
components, whether in single element or multi-element combined analysis. The results will be confirmed through
additional cohort research.
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The prevalence of the chronic disease is increasing rap-
idly and showing a tendency to affect the younger people.
According to the report of 2010-2012 China National
Nutrition and Health Survey, the prevalence of metabolic
syndrome in urban and rural children aged 10-17y were
4.7% and 3.9%, respectively. 35.7% of children aged 7-9y
had at least one abnormal component of metabolic syn-
drome, and the proportion in rural areas was higher than
that in urban areas (37.3% vs. 34.0%) [2, 3].

Several studies [4—6] have reported the relationship
between Cu, Zn, Mg and MetS, but most of them are
limited to adults and only focused on one element. The
combined effects of multi elements in children are rarely
reported. The Dongfeng cohort in China firstly explored
the relationship between 23 elements in the plasma of the
elderly and type 2 diabetes [7], and found that the com-
bined effect of multi-element is different from that of sin-
gle element analysis.

In this cross-sectional study, we aim to investigate
the association between single and combined effect of
whole blood Cu, Mg, Zn and MetS components in Chi-
nese children aged 6—12 years from the 2010-2012 China
National Nutrition and Health Survey (CNNS).

Materials and methods

Subjects

The study was nested in the 2010-2012 CNNS, which
was a cross-sectional, nationally-representative survey.
According to the estimation of sample size based on pop-
ulation rate [8], the formula is as following:

N=22,/8"xm*(1—m)

with 95% confidence interval, «=0.05, Z.,=1.96; the
allowable error § =m* r, m is the expected prevalence rate,
the relative error r is 10-20%

As the prevalence rate of 7-9 years old children in rural
China who had at least one of the four components of
MetS is 37.3% [3]. The minimum sample size is 162.

According to the regional type and geographical dis-
tribution of different monitoring points, the children
were sampled by multi-stage stratified random sampling
method through PROC SURVEY commands in SAS 9.4.
911 children aged 6—12 years (half female and half male)
were finally recruited from 72 rural areas in this study.

All children and their guardians gave informed consent
for inclusion before they participated in the study. The
study protocol was approved by the Ethics Committee
of the Institute for Nutrition and Food Safety, Chinese
Center for Disease Control and Prevention (now known
as the National Institute for Nutrition and Health, China
CDCQ).
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Data collection

Physical examinations were performed by trained medi-
cal staff following standardized procedures. Height was
measured by a Seca 213 Portable Stadiometer Height-Rod
with a precision of 0.1 cm. Body weight was measured by
a Seca 877 electronic flat scale with a precision of 0.1 kg.
During the measurements, each child was required to
take off shoes, hat, and coat, and females untied their
braids to ensure the accuracy of measurements. Body
mass index (BMI) was calculated as weight (kg)/square
of height (m?). Waist circumference was measured two
centimeters above the navel by a tape with a precision of
0.1 cm. Systolic blood pressure (SBP, mmHg) and dias-
tolic blood pressure (DBP, mmHg) were measured in
the right upper arm using a mercury sphygmomanom-
eter. The blood pressure of each child was recorded as
the average of three measurements. Venous blood was
collected from all children in the morning after at least
10 h of fasting, and each blood sample was divided into
an anticoagulation tube and serum separator tube. Blood
samples in serum separator tubes were promptly centri-
fuged at 3000 g for 15 min, 20—30 min after the blood was
taken and then divided into serum aliquots and frozen
at—80 °C for subsequent assays. Serum fasting glucose
(FG), high density lipoprotein-cholesterol (HDL-C), and
triglyceride (TG) levels were measured by an enzymatic
method using a Hitachi 7600 automatic biochemical
analyzer (Japan). Whole blood Cu, Mg and Zn concen-
trations were measured by inductively coupled plasma
mass spectrometry (NexION 350D, PerkinElmer) from
the anticoagulation tube in KineticEnergy Discrimination
(KED) model. The accuracy of the method was measured
with certified reference material (Seronorm TM Trace
Elements Whole Blood L-2, Norway). The limit of detec-
tion of the method of Zn, Mg and Cu were: 0.22 pg/L,
1.02 pg/L and 2.49 pg/L, respectively. The recovery was
as follows: 110.1% (Zn), 100.8% (Cu) and 100.1% (Mg).

Definition of MetS and its components

Since there was no acknowledged standard for judging
MetS in children aged 6—10 years, we adopted a modified
criteria for MetS recommended by the American Acad-
emy of Pediatrics and International Diabetes Federation
(AAP & IDF) [9]. The MetS components were defined as
follows: (1) obesity: waist circumference>95th percen-
tile of children of the same age and sex, or BMI> 95th
percentile of children of the same age and sex; (2) hyper-
tension: blood pressure>95th percentile of children
of the same age and sex (fast identification: systolic
BP > 120 mmHg or diastolic BP >80 mmHg); (3) dyslipi-
demia: Reduced HDL-C (< 1.03 mmol/L); or Elevated TG
(>1.47 mmol/L); (4) hyperglycemia: FG > 5.6 mmol/L.
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Statistic analysis

Statistical analyses were performed using SPSS ver-
sion 19.0. The results of descriptive characteristics were
expressed as average *standard deviation. The relation-
ships among clinical indexes and the number of MetS
components were analyzed using the Kruskal-Wallis
test. Spearman correlation coefficients were applied to
assess the relationship between metals and MetS compo-
nents. The odds ratios (ORs) and 95% confidence inter-
vals (95%Cls) were determined by multivariate logistic
regression to investigate the associations between MetS
components and tertiles of whole blood metals. We cat-
egorized the level of whole blood Cu, Zn, the ratio of Cu
to Zn, and Mg into tertiles and used the lowest tertile as
the reference. P-trend analysis involved treating the ter-
tiles as a continuous variable in regression analyses. The
combination of metals defined as low was a concentra-
tion <50% of the range, and those defined as high was the
concentration > 50% percentage whole value. All statisti-
cal tests were two-sided and statistical significance was
considered at P<0.05.

Results

Characteristics of the study population

911 individuals (444 females, 467 males) with complete
data on MetS components and whole blood Cu, Mg and
Zn concentrations were included in this study. Basic
characteristics of the children are shown in Table 1. There
were sex-based differences in the comparison of clinical
and biological indexes: the waist circumference, HDL-C
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and Cu concentrations, and Cu/Zn ratio were higher in
males, but the TG concentration was higher in females.
We also analyzed these variables using different numbers
of MetS components. There was 45.4% of the participants
who had at least one metabolic syndrome component
abnormal. We observed that except HDL-C, other sig-
nificant indexes all exhibited an ascending trend with an
increasing number of MetS components.

The association between tertiles of Cu, Zn, Cu/Zn and Mg
and MetS component indicators

The relationships between Cu, Zn, Cu/Zn and Mg and
MetS component indicators are shown in Table 2. The
values of BMI, DBP and waist circumference tended to be
higher in the upper tertiles of Cu, whereas the TG value
was lowest in the third tertile of Cu. For blood Zn, both
DBP and SBP had an ascending trend with increasing ter-
tiles of Zn levels. But in the Cu/Zn group, the trend was
opposite, with the values of DBP, SBP and TG decreased
as Cu/Zn tertiles increased. In the Mg group, there was
a significantly ascending trend for DBP, FG and TG val-
ues as the Mg tertiles increased. Whole blood Cu was
positively associated with DBP and waist circumference,
and negatively associated with TG. There were positive
correlations between Zn and FG, TG, DBP and SBP. In
contrast to the Cu correlations, the ratio of Cu to Zn
was negatively correlated to DBP, SBP and TG. However,
waist circumference was also positively associated with
the Cu/Zn ratio. Blood Mg levels showed a correlation
only with DBP.

Table 1 Basic characteristics of children according to sex and the number of MetS components

Indexes Total (N=911) Male (N=467) Female (N =444) MetS components

0(N=497) 1(N=336) >2(N=78)
Age(years) 9.124+1.70 9.01+1.70 923+1.70 893+1.69 931+£1.68 9.514+1.68"
Height (m) 131.524+11.84 131.06+11.41 13201£1227 130.084+10.71 1327141258 135.59413.87%
Weight (kg) 28954874 29.17+£896 28.71+£849 26.95+6.381 30.33+9.27 3574412.21"
Waist (cm) 55.96+£791 56.76+793 55.11+£7.82*% 5340+£5.01 57.58+£8.69 65.25+1041%
BMI (kg/m?) 1641+278 16.66 +2.98 16.15+2.53 15724227 16.86+£2.82 18924 365"
Obesity (%) 16.02% 14.56% 17.56% 0% 27.08% 70.51%"
TG (mmol/L) 0.794+048 0.744+046 0.8540.50% 0.6740.29 09340.62 1.00£0.56*
HDL-C (mmol/L) 1.27+0.30 1.31+£030 1.23+£0.29* 140+£0.26 1.15+0.28 1014021
FG (mmol/L) 485+0.71 4940.73 4840.68 471+£053 494+0.77 5364 108"
SBP(mmHg) 9244+£1142 92.68+10.88 92.19+£11.96 91.44+£10.16 9292+£12.31 96.77 £13.73*
DBP (mmHg) 60.23£8.65 60.23+£8.07 60.23+£9.24 59414772 60.77 £9.47 63.18+9.77*
Cu (mg/L) 1.01£0.13 1.03£0.14 0.99+0.13% 1.00£0.13 1.01£0.13 1.0740.14*
Zn (mg/L) 521+£1.07 5.19+1.06 524+1.08 521+£1.05 522+1.09 519+1.11
Cu/Zn 0.204+0.05 0.20+0.05 0.20+0.04* 0.204+0.04 0.204+0.05 0.2140.04*
Mg (mg/L) 41444528 41294524 416+£532 41.16+5.26 41744534 41.924+5.04

BMI, body mass index; TG, triglycerides;HDL-C, high density lipoprotein-cholesterol; FG, fasting glucose;SBP, systolic blood pressure;DBP, diastolic blood pressure;

*p <0.05 for sex; #p < 0.05 for trend



Page 4 of 10

(2021) 18:67

Zhang et al. Nutr Metab (Lond)

uone|a1103 dAiRebaU, (UONR|R110D dAINSOd,, sapHRdA|61} ‘D 2unssald poolq d1joisAs dgs ‘Josaisajoyd-uiioidodi| Aususp ybiy ‘D-1aH ‘2s0on|6 bunsey ‘o4 ‘ainssaid poojq d1joiselp dgq xapul ssew Apog ‘|Ng

JuedYIUBIS A||BD13SIFRYS SEM SDUSISHPIP SY} PUB ‘SO0 > SBM dN|RA 4 ‘SIquunu plog 3y |

9000  SL'L9 9509 8685  0TO'0 ,lT6S SE09  /L'L9 10070 SO S609 858 9200 6119 lz09 865  (BHWW) dg9d
0.00 ST€6 ¥8'76 w6 TOO'0 /906 ¥8T6  98€6  LOOO €8€6  ¥6T6  ¥506 440 €1e6 V616 LCT6  (BHWW) dgS
SLO0 S6Y 08t 18¥ 1090 8% /8% [8F 7900 £67 18Y 434 L0z 0 88t 681 6,7 (1/10Ww) Dy
(1/10Wiw)
S€L0 [T 8T'L 9Tl S690 9L 8TL 8Tl S0 8Tl 8T'L ! $80°0 9Tl [Tl 8Tl D-1aH
oLo0 640 $80 €10 L0000 ,/0  S/0 1610 €900 780 780 vL0 LLO0 L0 8/°0 980  (1/joww) oL
0900 ¥995 0195 €1'5S Y0 pSSS 9895 96'SS 0£r0 9€9S 865 TSSS 9100 8495 lzsS  16SS (Wd) 1518
88€°0 ol 9591 S79l €€/0  L€9L  8¥9l  S¥9l 0520 859l S¥9l Lz9l ¥00°0 S891 €29l 919l (w/B) Iwg
L0g olE 00 o€ LLE S6C Log olg 00¢ o€ SlE v6¢ LL6=N
Lz'0 oL's 90'L

99'EY<  99'€y-68'8€  68'8€> Llzo< -L1'0 LL'O> 0L'S<  -vov  v9v> 90'L< -¥6'0  ¥6°0>

anjpad €1 u LL anpAad €1 4l LL anpad €L u LL an[pad €1 u LL
(1/6w) By uz/nd (1/6w) uz (1/6w) n saxapu|

s|oA9| (BIA) (B, pue Ofel Uz/ND) 3Y3 ‘(UZ) duiz ‘(nD) 12ddod poo|q Jo (€11 1) S9|1s1 Ag sio1edipul 1usUOdWOd SWOIPUAS dIj0geISW JO UONNALISIA T 3lgeL



Zhang et al. Nutr Metab (Lond) (2021) 18:67

Odds ratios for MetS components in tertiles of Cu, Zn, Cu/
Zn and Mg

Table 3 summarizes the ORs and 95%Cls for MetS com-
ponents associated with concentrations of whole blood
Cu, Mg and Zn, and the Cu/Zn ratio, each categorized
into tertiles. For elevated waist circumference measure-
ments, significant associations were found for Cu and
Cu/Zn using a crude model. After adjusting for age, BMI
and sex, the multivariable adjusted ORs (95%Cls) were
2.00 (1.56-3.89) for Cu and 2.08 (1.22-3.55) for Cu/Zn.
No significant correlations were found between Mg or Zn
and elevated waist. All of the metals were associated with
elevated TG, either in the crude or adjusted model. The
risk of elevated TG was significantly decreased in the ter-
tile 3 group compared with the tertile 1 (T1) group for Cu
and Cu/Zn values. The ORs and 95% ClIs for Cu and Cu/
Zn were 0.34 (0.17-0.66) and 0.31 (0.15-0.62), respec-
tively, in the crude model. These trends persisted after
adjustment, with Cu and Cu/Zn showing ORs (95%CI)
of 0.33 (0.16-0.65) and 0.35 (0.17-0.71), respectively.
However, TG levels were inversely associated with Mg
and Zn. The ORs (95%CI) for elevated TG in individuals
categorized in the Mg and Zn tertile 2 (T2) groups were
2.36 (1.20-4.62) and 2.27 (1.18-4.35), respectively, with-
out adjustment. The ORs (95%Cls) were attenuated but
remained statistically significant after adjustment [T2
vs. T1: 2.12 (1.10-4.10) for Zn, 2.34 (1.19-4.61) for Mg].
There was no significant association between metals and
hypertension, reduced HDL-C and hyperglycemia.

Odds ratios for MetS components associated with tertiles
of the combination of metals

As the elements were all associated with MetS compo-
nents, we combined each of them in pairs (Cu with Zn,
Cu with Mg, Zn with Mg) to investigate joint correla-
tions. In the joint analysis of Cu and Zn, the combina-
tion of low Cu and high Zn increased the risk of elevated
TG [OR (95%CI), 2.21 (1.18-4.13)], when compared with
the joint analysis of low Cu and low Zn. There was no
significant association between MetS components and
other Cu and Zn combinations. Correlations were also
observed when we considered the interaction of Cu and
Mg with MetS components. High Cu and high Mg were
associated with an increased risk of elevated waist cir-
cumference [OR (95%CI), 2.03 (1.26-3.27)]. But when
high Cu was combined with low Mg, the risk of elevated
TG was attenuated to 0.40 (0.16—0.95). In the joint analy-
sis of Zn and Mg, a significant correlation was only found
for reduced HDL-C. We observed a negative associa-
tion between reduced HDL-C and high Zn with low Mg.
There was no association between the combination of Mg
and Zn and other MetS components. The statistically sig-
nificant results were shown in Figs. 1, 2 and 3. And we
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also summarized the meaningful results of single and
combined analysis in Table 4.

Discussion

In this study, we explored whether the level of metals
would affect the risk of metabolic syndrome components
in children. And we hope to provide new ideas for fur-
ther understanding of the occurrence and development
of chronic diseases. The present result shows that the
whole blood Cu, Zn and Mg, either alone or in combi-
nation, have association with MetS components. There
was almost half (45.4%) of the participants who had at
least one metabolic syndrome component abnormal.
Therefore, a more systematic analysis of the relationship
between element levels and metabolic syndrome compo-
nents in children is necessary and meaningful.

Cu, Zn and Mg are all important elements involved
in various metabolic pathways [10, 11]. Cu acts as an
electron transfer intermediate in redox reactions [12,
13], which has a high level of oxidation and may lead to
excessive damaging reactive oxygen species (ROS) by
redox reactions [14, 15]. Zn as a co-factor of antioxidant
enzymes, also plays an important role in oxidative stress
and inflammation [16—-18]. As the second most abun-
dant intracellular ion, the deficiency of Mg is associated
with coronary heart disease and type 2 diabetes[19]. One
hypothesis suggests that a key mechanism leading to
MetS involves oxidative stress caused by redox imbalance
[20]. Thus, these elements may be related to the develop-
ment of MetS.

In our study, whole blood concentrations of Cu and
Zn were all in the normal range (0.61-1.9 mg/L Cu, 3.1-
9.8 mg/L Zn), referring to a study of Swedish adolescents
[21]. We observed that a higher level of whole blood Cu
leads to an increased risk of elevated waist, which was
representative of obesity. Catherine et al. [22] observed
a positive relationship between serum Cu and abdominal
obesity. We also found that the risk of elevated TG was
decreased with ascending tertiles of Cu. It is acknowl-
edged that Cu affects lipid metabolism, but the reported
effects of Cu on different index of lipid metabolism
remains inconsistent. Some studies suggested that serum
Cu levels were positively associated with total cholesterol,
TG or low density lipoprotein, such as those reported in
Kuwaiti people aged 15-80 yea rs [23] and young Ameri-
can adults [24]. However, there were no associations
between serum Cu and TG levels among children and
adolescents in the NHANES 2011-2014 [25]. Besides,
Leslie et al. [26] reported that increased total cholesterol
and reduced HDL-C levels were observed in children
with low Cu levels, which was consistent with our results.

In the current study, we also observed that tertiles of
Zn were positively associated with the risk of elevated
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OR for Elevated Waist

Low Cu+High Zn

19
High Cu+Low Zn HE—
High Cu+High Zn =
Low Cu+High Mg He—
High Cu+Low Mg A
High Cu+High Mg —a—
Low Zn+High Mg ———
High Zn+Low Mg =
High Zn+High Mg H——
-1 4 9
OR

Fig. 1 Associations of blood element levels with elevated waist. HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; Low means < 50%
concentration; High means > 50% concentration; Low Cu + Low Zn, Low Cu+ Low Mg and Low Zn + Low Mg were taken as the reference group;
Shown are the odds ratios (ORs) and 95% confidence intervals in parentheses

N OR P for Interaction
0.008
0.58(0.32-1.05)
1.29(0.78-2.15)
1.48(0.94-2.33)

0.016
1.18(0.67-2.08)
1.63(0.97-2.73)
2.03(1.26-3.27)

0.319
1.12(0.27-4.57)
3.18(1.13-8.92)
1.71(0.61-4.77)

18/196
34/185
56/273

24/178
35/198
55/260

28/136
23/167
51/302

N OR P for Interaction

0.001
28/196 2.21(1.18-4.13)
8/185 0.60(0.25-1.41)
13/273 0.66(0.31-1.38)

0.003
23/178 1.62(0.88-2.99)
7/195 0.40(0.16-0.95)
14/260 0.62(0.31-1.24)

0.301
8/136 1.00(0.42-2.36)
12/167 1.23(0.58-2.63)
29/302 1.70(0.92-3.13)

Fig. 2 Associations of blood element levels with elevated triglycerides. HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; Low
means < 50% concentration; High means > 50% concentration;Low Cu+ Low Zn, Low Cu+ Low Mg and Low Zn+ Low Mg were taken as the

OR for Elevated TG
Low Cu+High Zn J——e—
High Cu+Low Zn —E—
High Cu+High Zn 1
Low Cu+High Mg —e—
High Cu+Low Mg 2]
High Cu+High Mg !
Low Zn+High Mg —to——
High Zn+Low Mg e
High Zn+High Mg —t—
0 2 4
OR
reference group; Shown are the odds ratios (ORs) and 95% confidence intervals in parentheses

TG, in agreement with studies of Tehran’s urban popula-
tion (OR=1.60) [27] and Korean adults (OR =1.47) [28].
Some research indicated that Zn overload would lead to
Cu deficiency and reduced HDL-C concentrations [29].
As a consequence, the interaction of Cu and Zn should
not be mutually exclusive, as they act as residual con-
founding factors for each other. This suggests that we
need to reconsider previous analysis of single elements
and consider interactions among these metals. Sukalski
et al. found that a reduced serum Cu concentration leads
to reduced Cu/Zn superoxide dismutase activity [30].
The Cu/Zn ratio can be used to determine the level of
oxidative stress. In this study, all the values of Cu/Zn
were less than 1.0, indicating the antioxidant mechanism

in this population was normal [31]. In addition, the cor-
relations of Cu/Zn with elevated waist and elevated TG
were consistent with the correlations found with Cu, and
with the findings reported by Fedor et al. [32]. Actually,
in our investigation of the combination of Cu and Zn, we
found that there was a positive association of high Zn
and low Cu with elevated TG, which was in accordance
with single element analysis.

As for the result of Mg, unlike some reports indicating
that Mg supplements reduced TG levels and blood pres-
sure [33], we observed an increased risk of elevated TG
with the second tertile of Mg. Other studies suggested
that Mg supplements were negatively associated with the
risk of MetS [34, 35], so it is possible that low levels of Mg
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Fig. 3 Associations of blood element levels with reduced HDL-C. HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; Low means < 50%
concentration; High means > 50% concentration; Low Cu + Low Zn, Low Cu+ Low Mg and Low Zn + Low Mg were taken as the reference group;

OR for Reduced HDL-C

Low Cu+High Zn —er—

High Cu+Low Zn H—a—

High Cu+High Zn -l

Low Cu+High Mg ——1

High Cu+Low Mg -
High Cu+High Mg il

Low Zn+High Mg —o—)

High Zn+Low Mg -

High Zn+High Mg L |

0 1 2 3
OR
Shown are the odds ratios (ORs) and 95% confidence intervals in parentheses

N OR P for Interaction
0.134
38/196 0.82(0.52-1.31)
51/185 1.30(0.84-2.01)
52/273 0.80(0.53-1.22)
0.730
37/178 0.96( 0.66-1.52)
49/195 1.20(0.78-1.85)
54/260 0.96( 0.63-1.45)
0.017
26/136 0.63(0.38-1.04)
251167 0.47(0.28-0.77)
65/302 0.73(0.50-1.07)

Table 4 Summary of the significant results of the odds ratios for MetS components associated with single and combined elements

Single Cu Zn
T3 T2

Mg Cu/Zn
T2 T3

Elevated waist 2.00(1.18-3.28) -

- 2.08 (1.22-3.55)

Elevated TG 0.33 (0.16-0.65) 2.12(1.10-4.10) 2.34(1.19-4.61) 0.35(0.17-0.71)
Reduced HDL-C - - - -
Combined Cu+Zn Cu+Mg Mg+Zn

Low Cu+High Zn

High Cu+Low Mg

High Cu+ High Mg High Zn + Low Mg

Elevated waist - -
Elevated TG 2.21(1.18-4.13)
Reduced HDL-C - -

2.03 (1.26-3.27) -

0.40 (0.16-0.95) - -

- 0.47 (0.28-0.77)

The bold numbers, P value was < 0.05, and the difference was statistically significant

HDL-C, high density lipoprotein-cholesterol; TG, triglycerides;Low means < 50% concentration; High means > 50% concentration; Low Cu + Low Zn, Low Cu+ Low Mg
and Low Zn + Low Mg were taken as the reference; Shown are the odds ratios (ORs) and 95% confidence intervals; -, the results didn’t have statisticlly significance

may be associated with some MetS components. In the
current study, the risk of reduced HDL-C was decreased
by the combination of a high Zn level and a low Mg level.
There was a significant association betweena high Cu
level combined with a low Mg level and the risk of ele-
vated TG, which was consistent with the function of sin-
gle metals. When Cu and Mg were both at high levels, the
risk of an elevated waist circumference was raised. This
was in agreement with a cross-sectional study conducted
by Beydoun et al. [36].

The current study has several strengths. Firstly, this
study focused on comprehensively exploring the effects
of elements on all of the metabolic syndrome compo-
nents in children. It could provide new avenues for
the early screening of chronic diseases and protect the

health of children and even for the elderly. Secondly,
this is the first article that uses data from nationally
representative cross-sectional study, to assess the rela-
tionship between elements and MetS components in
rural children. It can provide a more comprehensive
and detailed supplement to reflect the affect of ele-
ments on chronic diseases on Chinese children. Thirdly,
it took the preliminary exploration of the combined
effect of multiple elements in MetS components, which
could provide new ideas for further understanding of
the occurrence and development of disease.

There are also some limitations in this study. Firstly,
there was no acknowledged ideal biomarker for the
nutrition status of Cu, Mg, Zn, we adopted the whole
blood indicators, which has the advantage of being
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simple and easy to determine, to access the relationship
between elements and MetS components. Secondly,
this is a preliminary exploration of the combined func-
tion effect of multiple elements on health outcomes.
More professional statistical methods need to be fur-
ther study and discussion. Thirdly, the information of
dietary and physical activities factors were not available
in this study, therefore the possibility of residual con-
founding of these factors could not be ruled out.

Conclusions

There is indeed a association between the elements
and the components of MetS in 6-12 years children.
When different elements were analyzed individually
and jointly, most of the conclusions were consistent,
but some were different from single element analysis.
Therefore, it is necessary to pay attention to the com-
bined analysis of multi nutrients, which could provide
new avenues for the early screening and prevention
of chronic diseases. We will verify the relevant results
through additional cohort research. and do more explo-
ration in statistics to better analyze the combined effect
of multiple elements in the future.
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