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Association between Cu/Zn/Iron/
Ca/Mg levels and cerebral palsy:
a pooled-analysis

Haiquan Zhu?, Song Mao? & Wei Li3**

It was well documented that macro/trace elements were associated with the neurodevelopment. We
aimed to investigate the relationship between copper (Cu)/zinc (Zn)/iron/calcium (Ca)/magnesium
(Mg) levels and cerebral palsy (CP) by performing a meta-analysis. We searched the PubMed, Embase,
Cochrane and Chinese WanFang databases from January 1985 to June 2022 to yield studies that

met our predefined criteria. Standard mean differences (SMDs) of Cu/Zn/Iron/Ca/Mg levels between
CP cases and healthy controls were calculated using the fixed-effects model or the random-effects
model, in the presence of heterogeneity. 95% confidence intervals (Cl) were also computed. Sensitivity
analysis was performed by omitting each study in turn. A total of 19 studies were involved in our
investigation. CP cases showed markedly lower Cu, Zn, iron and Ca levels than those in controls among
overall populations (SMD = -2.156, 95% Cl - 3.013 to-1.299, P<10™%; SMD = - 2.223, 95% CI - 2.966
to-1.480, P<10~%; SMD = -1.092, 95% Cl -1.513 to-0.672, P<10~*; SMD = - 0.757, 95% C| - 1.475
to-0.040, P=0.038) and Asians (SMD = -2.893, 95% Cl - 3.977 to-1.809, P<10~; SMD = - 2.559,
95%Cl - 3.436 to-1.683, P<10™%; SMD = - 1.336, 95% CI -1.807 to - 0.865, P<10~%; SMD = -1.000,
95% Cl -1.950 to-0.051, P=0.039). CP cases showed markedly lower Zn level than that in controls
among Caucasians (SMD = - 0.462, 95% Cl - 0.650 to - 0.274, P <107%). No significant differences of Cu,
iron and Ca levels between CP cases and controls among Caucasians (SMD = - 0.188, 95% CI - 0.412

t0 0.037, P=0.101; SMD = - 0.004, 95% Cl - 0.190 to 0.182, P=0.968; SMD =0.070, 95% Cl - 0.116

to0 0.257, P=0.459) were observed. No marked difference of Mg level between CP cases and controls
was noted among overall populations (SMD = -0.139, 95% CI - 0.504 to 0.226, P=0.455), Asians
(SMD=-0.131, 95% Cl - 0.663 to 0.401, P=0.629), and Caucasians (SMD = -0.074, 95% Cl - 0.361

to0 0.213, P=0.614). Sensitivity analysis did not change the overall results significantly for Cu, Zn,

iron and Mg. CP cases demonstrated significantly lower levels of Cu/Zn/iron/Ca than those in healthy
controls, particularly in Asians. Decreasing trend of Cu/Zn/iron/Ca levels merit attention, particularly
in the population with high susceptibility to CP. Frequent monitoring and early intervention may be
needed.

Cerebral palsy (CP), a group of motor disorders and cognitive disturbances, is an important health concern in the
newborns, particularly in the premature or low-birthweight neonates'. CP is likely to lead to the musculoskeletal
problems, even epilepsy?. Many children with CP have limitations during their daily activities, including feeding,
dressing, and balance. Some CP cases are complicated with malnutrition. CP Progression results in an increased
morbidity and mortality, which indicates that early prevention and intervention for CP is of great importance.
Strenuous efforts have been made to identify the risk factors for CP susceptibility. Birth asphyxia and genetic
factors were involved in the development of CP?. In spite of the progress of the prenatal diagnosis and interven-
tions, the prevalence of CP did not decline obviously, which indicated that CP may be a multi-factor disease, an
in-depth investigation of other potential risk factors for CP is imperative.
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Trace elements status is closely associated with the immune system function via their effects on many bio-
logical Processes, while the well worked immune function required the micronutrients participating in cell
metabolism and replication. For instance, leukocytes proliferation induced by acute infection was impaired
by insufficient supply of trace elements, including iron, zinc, magnesium and manganese®. Trace elements also
exerted effects on the cellular transfer and the levels of other important nutrients®. For example, iron was an
important constituent of hemoglobin, which carried the oxygen and participated in the energy metabolism. It
is also proved that certain trace elements affect the chemical synaptic transmission in the brain and peripheral
central nervous system®. Cu and Zn play an important role in the activation of enzymes that are involved in
catecholamine transmission. On the other hand, macro-elements, such as Ca and Mg play an important role in
the physical development. Ca and Mg exert effects in the transmission of neural stimuli.

Based on the fact that CP is essentially a neurological disorder, we speculated that macro/trace elements levels
may be associated with CP. Some available evidence showed that certain trace elements, such as copper (Cu)
deficiency were correlated with learning and behavior disorders’. Meanwhile, markedly lower level of zinc (Zn)
was observed in severe CP compared with that in controls®. Previous review showed a high rate of malnutrition
in the children with CP, while hypocalcemia, reduced serum levels of Zn, Cu and vitamin D being reported the
most’. Mg sulfate given antenatally in threatened preterm labor has a reduction in the risk of CP at 2 years of
age'®. The administration of vitamin D and Ca produced a large, nonsignificant effect on bone mineral density
in the lumbar spine'’. To have an in-depth understanding of the relationship between alterations of macro/trace
elements and CP is helpful for CP prevention and intervention.

Meta-analysis is a good way to pool the available evidence from single study to produce a more comparatively
robust result, which increases the statistical power significantly. Therefore, we conducted a meta-analysis with
the aim of clarifying the differences of Cu/Zn/Iron/Ca/Mg levels between CP and healthy controls in children.

Materials and methods

Search strategy

We performed the literature search in terms of the preferred reporting items for systematic reviews and meta-
analysis guidelines'?, we searched the papers that reported the levels of Cu/Zn/Iron/ Ca/Mg, both in CP and
healthy controls from January 1985 to June 2022 by using PubMed, Embase, Cochrane and Chinese WanFang
databases. We used the searched terms as follows: (1) macro/trace element, micronutrient, magnesium, Mg,
calcium, Ca, iron, zinc, Zn, copper and Cu; (2) urine, serum and plasma; and (3) cerebral palsy, CP. We also
reviewed the references of extracted literature. The paper with the larger number of participants was enrolled if
the same subjects were recruited in more than one study. Our preprint of “Association between Cu/Zn/Iron/Ca/
Mg levels and Chinese children with cerebral palsy” (https://doi.org/10.21203/rs.3.rs-703495/v1) was stored in
websites (researchgate.net/publication/353611059_Association_between_CuZnIronCaMglevels_and_Chinese_
children_with_cerebral_palsy), (doc.taixueshu.com/search?sourceTye = all&keywordTyPe = 1 &keyword = Asso-
ciation + between + Cu/Zn/Iron/Ca/Mg + levels + and + cerebral + palsy&resultSearch = 0). We cited this preprint.
This preprint has not been published in whole or in part in any formal journal elsewhere.

Study selection criteria

1) Study design: case—control study
2) Case: cerebral Palsy, control: healthy participants
3) Outcome of interest: Cu/Zn/Iron/Ca/Mg levels in cases and controls

Exclusion criteria

1) Study design: case report, comment, editorials and reviews
2) Case and control: lack of detailed number of cases and controls, multiple publications of the same data
3) Outcome of interest: lack of detailed data of Cu/Zn/Iron/Ca/Mg levels

Data extraction
We collected the data of mean and standard deviation (SD) of Cu/Zn/Iron/Ca/Mg levels. We also extracted the
study characteristics from enrolled investigations. Data were recorded as the followings: first author’s last name;
year of publication; ethnicity; number of cases and controls; confounding factors and testing method of Cu/Zn/
Iron/Ca/Mg levels.

Statistical analyses

We used the standard mean difference (SMD) to test the differences of Cu/Zn/ Iron/Ca/Mg levels between CP
cases and controls across studies. Heterogeneity of SMDs across studies was tested by using the Q statistic (signifi-
cance level at P<0.05). The I statistic, a quantitative measure of inconsistency across studies, was also calculated.
The SMDs were calculated using either fixed-effects models or, in the presence of heterogeneity, random-effects
models (Q test, P<0.05). Sensitivity analysis was performed by omitting each study in turn. Potential publica-
tion bias was assessed by Egger’s test at the P <0.05 level of significance if the number of recruited studies were
more than 10. Trim and fill analysis was used to identify the funnel plot asymmetry caused by publication bias
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and test the solidity of the results. All analyses were Performed using STATA version 12.0 (Stata Corp, College
Station, TX).

Results

Literature search

We firstly extracted 236 papers from the PubMed, Embase and Cochrane and Chinese Wan Fang databases.
Most of these papers were removed due to that they were not associated with CP or Cu/Zn/Iron/Ca/Mg levels.
After full-text review of the remaining studies, three studies were excluded due to the lack of detailed data. One
study was excluded because it did not include control group. Finally, nineteen studies®!*** were included in this
meta-analysis. A flow diagram showing the study selection is presented in Fig. 1.

Study characteristics

The characteristics of the nineteen enrolled studies are shown in Table 1. They were published between 1989 and
2022. Fourteen studies were about Cu, sixteen for Zn, twelve for iron, nine for Ca, and nine for Mg. Seventeen
studies adjusted for confounding factors. The participants were from Asians and Caucasians.

Culevel in CP and controls

A total of 1394 CP cases and 1133 controls were included for testing the Cu level. Atomic absorption spectroscopy
(AAS) was used in testing the Ca level in five studies with anodic stripping (AS) in two studies, and inductively
coupled plasma atomic emission spectrometry (ICP-AES) in two studies. CP cases showed markedly lower
Cu level than that in controls among overall populations (SMD = -2.156, 95% CI —3.013 to-1.299, P< 1074,
Table 2, Fig. 2) and Asians (SMD = —2.893, 95% CI —3.977 to - 1.809, P<107*, Table 2, Fig. 2). No significant
difference of Cu status between CP and controls among Caucasians (SMD = —-0.188, 95% CI —0.412 to 0.037,
P=0.101, Table 2, Fig. 2) was observed. Sensitivity analysis did not change the overall results significantly (95%
CI —3.610 to—0.531). Publication bias was observed (P< 107, funnel plot in Supplemental Material 1). Trim
and fill analysis showed that addition of 4 virtual studies still yielded significant heterogeneity without changing
overall result markedly.

Relevant papers through electronic databases
search (n=236)

213 papers excluded

»| No cerebral palsy
No trace elements
v
Full-text papers for further evaluation (n=23)
4 papers excluded

No detailed data
No controls

A 4

Papers accepted for final analysis (n=19)
Cu status and CP (n=14)

Zn status and CP (n=16)

Iron status and CP (n=12)

Ca status and CP (n=9)

Mg status and CP (n=9)

Figure 1. Flow diagram of study selection.
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Case/Control R

Study Study design Ethnicity n Trace element confounding factors Method of testing
Cu
Wang et al. 1989 CcC Asians 42/30 102.51+25.46/121.28 +£29.34 ug% Age, gender AAS
Liang et al. 1999 (urine) | CC Asians 20/20 0.0578+0.0162/0.0762+0.016 ug/mL | Age, gender AAS
Hao et al. 2000 CC Asians 60/32 1.16+0.25/23.14+1.26 umol/L Age, gender ICP-AES
Lietal. 2003 CcC Asians 168/152 0.50£0.27/0.71+0.23 ug/mL Age, gender ICP-AES
Khalique et al. 2006 CcC Asians 95/93 6.224+1.134/8.610+ 1.760 ug/g Age sPectroPhotometer
Yuan et al. 2007 CcC Asians 128/128 14+3.71/15+3.26 mmol/L Age, gender AS
Hu et al. 2008 CcC Asians 131/130 3.60+0.54/3.80+0.51 ug/mL Age, gender, Habits AAS
Chen et al. 2010 CcC Asians 36/20 14.71+3.79/22.06 +1.93 umol/L Age, gender AAS
Lietal 2014 CC Asians 53/60 1.071£0.231/1.139+0.372 ug/mL Age, gender AAS
Kalra et al. 2015 cc Asians 50/50 106.18+38.26/128.82+20.23 ug/dl | Age, gender g‘iﬁ?etric
Lietal. 2016 CcC Asians 217/219 18.38+3.90/19.23 +4.07 umol/L Age, gender AS
Tang et al. 2016 CcC Asians 20/20 8.76+1.48/20.31 £3.79 umol/L Age, gender -
Tinkov et al. 2021 CcC Caucasians 71/84 1.126 £0.193/1.195+0.22 ug/ml Age, gender ICP-MS
Carman et al. 2022 cc Caucasians 303/95 12225+2921/125.18+3352 ug/dl | - Colerimetric
Zn
Wang et al. 1989 CcC Asians 42/30 81.64+12.47/96.19+9.61 ug% Age, gender AAS
Liang et al. 1999 (urine) | CC Asians 20/20 0.558+0.22/0.775+0.195 mg/L Age, gender AAS
Hao et al. 2000 CcC Asians 60/32 3.81£0.96/24.43 +£1.07 umol/L Age, gender ICP-AES
Liet al. 2003 CC Asians 168/152 3.04+1.05/5.83+1.76 ug/mL Age, gender ICP-AES
Khalique et al. 2006 CcC Asians 95/93 143.9+21.7/140.7 £27.7 ug/g Age sPectroPhotometer
Yuan et al. 2007 CcC Asians 128/128 78+24/81+29 mmol/L Age, gender AS
Hu et al. 2008 CcC Asians 131/130 2.80+1.20/3.50+ 1.40 ug/mL Age, gender, habits AAS
Yang et al. 2009 CcC Asians 277/311 3.5+0.9/4.7 +1.3 umol/L Age, gender AAS
Chen et al. 2010 CcC Asians 36/20 67.96+15.06/119.14 +29.70 umol/L Age, gender AAS
Lietal 2014 CcC Asians 53/60 0.889+0.295/1.229+0.318 ug/mL Age, gender AAS
Kalra et al. 2015 cC Asians 50/50 12.32:+4.95/13.30 +4.20 umol/l Age, gender g‘;lt‘]’gfinemc
Lietal. 2016 CcC Asians 200/340 47.19+1.53/67.77 £1.60 umol/L Age, gender AAS
Lietal. 2016 CC Asians 217/219 58.42+14.47/61.6+12.11 umol/L Age, gender AS
Tang et al. 2016 CcC Asians 20/20 9.57£2.24/12.65 % 2.56 umol/L Age, gender -
Tinkov et al. 2021 CcC Caucasians 71/84 0.928 £0.144/1.008 +0.164 ug/ml Age, gender ICP-MS
Carman et al. 2022 cc Caucasians 303/95 123.69+32.97/138.17+34.58 ug/dl | - gl‘élt%gdmetric
Iron
Li et al. 2003 CC Asians 168/152 428+43/451+61 ug/mL Age, gender ICP-AES
Hao et al. 2004 CcC Asians 20/20 6.37+2.03/15.57 +2.12 umol/L Age, gender ™
Khalique et al. 2006 CcC Asians 95/93 4.175+2.018/6.882+2.828 ug/g Age sPectroPhotometer
Yuan et al. 2007 CcC Asians 128/128 41+7.29/53+6.37 mmol/L Age, gender AS
Hu et al. 2008 CcC Asians 131/130 141.01+54.94/161.48 +51.45 ug/mL Age, gender, habits AAS
Chen et al. 2010 CcC Asians 36/20 7.09+0.87/8.15+1.14 umol/L Age, gender AAS
Lietal 2014 CC Asians 53/60 0.757+0.218/1.141+£0.307 ug/mL Age, gender AAS
Kalra et al. 2015 cc Asians 50/50 12,60+ 5.85/20.86 + 3.29 umol/l Age, gender Colorimetric
Lietal. 2016 CcC Asians 217/219 7.31+1.29/7.55+0.89 mmol/L Age, gender AS
Tang et al. 2016 CcC Asians 20/20 10.28 +2.56/20.75+6.21 umol/L Age, gender -
Tinkov et al. 2021 CcC Caucasians 71/84 1.434+0.662/1.399+0.516 ug/ml Age, gender ICP-MS
Carman et al. 2022 cc Caucasians 303/95 97.75+74.17/100.77 +98.5 ug/dl - Colorimetric
Ca
Peng et al. 2005 CC Asians 80/56 253.15+68.84/288.44 +87.28 mmol/L Age, gender AAS
Khalique et al. 2006 CcC Asians 95/93 651.1+135.6/521.2+79.1 ug/g Age sPectroPhotometer
Yuan et al. 2007 CC Asians 128/128 1.01+0.22/1.29+0.31 mmol/L Age, Gender AS
Hu et al. 2008 CC Asians 131/130 18.21+4.80/65.60+22.11 ug/mL Age, gender, Habits AAS
Chen et al. 2010 CcC Asians 36/20 1.31+0.127/1.83+0.26 umol/L Age, gender AAS
Continued
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Case/Control Adjustment for
Study Study design Ethnicity n Trace element confounding factors Method of testing
Lietal. 2016 CC Asians 217/219 1.81+0.17/1.87+£0.23 mmol/L Age, gender AS
Tang et al. 2016 CcC Asians 20/20 1.48+0.41/1.82+0.51 mmol/L Age, gender -
Tinkov et al. 2021 CcC Caucasians 71/84 106+9.2/106.2+ 8 ug/ml Age, gender ICP-MS
Carman et al. 2022 cc Caucasians 303/95 9.52+0.84/9.42+0.8 mg/dl - ;‘élt‘}’lr;g‘emc
Mg
Khalique et al. 2006 CcC Asians 90/93 216.2+53/159.9+£49.10 ug/g Age sPectroPhotometer
Yuan et al. 2007 CcC Asians 128/128 1.01+0.31/1.12+0.40 mmol/L Age, gender AS
Hu et al. 2008 CcC Asians 131/130 49.35+8.73/56.22 +6.43 ug/mL Age, gender, habits AAS
Chen et al. 2010 CcC Asians 36/20 1.47+0.518/1.45+0.08 umol/L Age, gender AAS
Schoendorfer et al. 2013 | CC Caucasians 15/24 0.65+0.85/1.36+1.24 z score - sPectroPhotometer
Kalra et al. 2015 cc Asians 50/50 1.97+0.41/2.19+0.29 mg/dl Age, gender i‘;‘tﬁg‘emc
Lietal. 2016 CcC Asians 217/219 1.49+0.23/1.51£0.19 mmol/L Age, gender AS
Tinkov et al. 2021 CC Caucasians 71/84 23.2+2/23+1.9 ug/ml Age, gender ICP-MS
Carman et al. 2022 CcC Caucasians 303/95 2.11£0.27/2.12+0.26 mmol/l - gjc;lt(})lr;?etric

Table 1. Characteristics of studies enrolled in this meta-analysis. CC case-control, Cu copper, Zn zinc, Ca
calcium, Mg magnesium, ICP-AES inductively coupled plasma atomic emission spectrometry, AAS atomic
absorption spectroscopy, AS Anodic stripping, TM turbidimetric method.

Trace elements ‘ Studies ‘ Q test P-value | Model selected | SMD (95% CI) P-value
Cu

Overall 14 <10 Random -2.156 (-3.013to—1.299) | <107*
Asians 12 <10™ Random -2.893(-3.977to—1.809) | <107*
Caucasians 2 0.241 Fixed —0.188 (—0.412 to 0.037) 0.101
Zn

Overall 16 <107 Random —-2.223 (-2.966 to—1.480) | <10™*
Asians 14 <10 Random —2.559 (-3.436 to—1.683) | <107*
Caucasians 2 0.687 Fixed —0.462 (—0.650 to—0.274) | <107*
Iron

Overall 12 <107 Random -1.092 (-1.513t0-0.672) | <107*
Asians 10 <107 Random —1.336 (- 1.807 to—0.865) | <107*
Caucasians 2 0.627 Fixed —0.004 (-0.190 to 0.182) 0.968
Ca

Overall 9 <107 Random —0.757 (- 1.475 to—0.040) | 0.038
Asians 7 <10 Random —1.000 (- 1.950 to—0.051) | 0.039
Caucasians 2 0.471 Fixed 0.070 (- 0.116 to 0.257) 0.459
Mg

Overall 9 <10 Random —0.139 (- 0.504 to 0.226) 0.455
Asians 6 <107 Random —0.131 (- 0.663 to 0.401) 0.629
Caucasians 3 0.139 Fixed —0.074 (-0.361 to 0.213) 0.614

Table 2. Association between the status of trace elements and cerebral palsy. Cu copper, Zn zinc, Ca calcium,
Mg magnesium, SMD standard mean difference.

Zn level in CP and controls
A total of 1871 CP cases and 1784 controls were included for testing the Zn level. AAS was used in testing the
Zn level in seven studies with AS in two studies, and ICP-AES in two studies. CP cases showed markedly lower
Zn level than that in controls among overall populations (SMD = —2.223, 95% CI —2.966 to—1.480, P< 1074,
Fig. 3), Asians (SMD = —2.559, 95% CI —3.436 to— 1.683, P< 107%, Fig. 3), and Caucasians (SMD = - 0.462, 95%
CI -0.650 to—0.274, P< 107, Fig. 3). Sensitivity analysis did not change the overall results significantly (95%
CI —3.240 to—0.717). Publication bias was observed (P=0.023, funnel plot in Supplemental Material 2). Trim
and fill analysis showed that addition of 5 virtual studies still yielded significant heterogeneity without changing
overall result markedly.
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Study %

ID SMD (95% Cl) Weight
\

Asians :

Wang et al 1989 -0.69 (-1.17, -0.21) 8.10

Liang et al 1999 -1.14 (-1.81, -0.47) 7.91

Hao et al 2000 : : -28.67 (-32.88, -24.46) 277

Li et al 2003 o -279.98 (-301.75, -258.22) 0.15

Khalique et al 2006 * -1.62 (-1.94, -1.29) 8.21

Yuan et al 2007 -0.29 (-0.53, -0.04) 8.26

Hu et al 2008 -0.38 (-0.63, -0.14) 8.26

Chen et al 2010 * -2.26 (-2.95, -1.56) 7.89

Li et al 2014 -0.22 (-0.59, 0.15) 8.19

Kalra et al 2015 -0.74 (-1.15, -0.33) 8.16

Li et al 2016 * -0.21 (-0.40, -0.02) 8.28

Tang et al 2016 * -4.01 (-5.11, -2.92) 7.32

Subtotal (I-squared = 98.8%, P = 0.000) ‘ -2.89 (-3.98, -1.81) 83.51
|

Caucasians :

Tinkov et al 2021 * -0.33 (-0.65, -0.01) 8.22

Carman et al 2022 * -0.10 (-0.33, 0.13) 8.27

Subtotal (I-squared = 27.1%, P = 0.241) : -0.19 (-0.41, 0.04) 16.49
\

Overall (l-squared = 98.6%, P = 0.000) -2.16 (-3.01, -1.30) 100.00

NOTE: Weights are from random effects analysis L

Figure 2. Difference of Cu level between CP and control.

Iron level in CP and controls

A total of 1292 CP cases and 1071 controls were included for testing the iron level. AAS was used in testing the
iron level in three studies with AS in two studies, ICP-AES in one study, turbidimetric method (TM) in one study.
CP cases showed markedly lower iron level than that in controls among overall populations (SMD = —1.092, 95%
CI -1.513 t0o—0.672, P<10-*, Fig. 4) and Asians (SMD = —1.336, 95% CI —1.807 to—0.865, P< 107, Fig. 4).
No significant difference of Iron status between CP and controls among Caucasians (SMD = —0.004, 95% CI
—-0.190 to 0.182, P=0.968, Table 2, Fig. 4) was observed. Sensitivity analysis did not change the overall results
significantly (95% CI —1.666 to —0.500). Publication bias was observed (P=0.023, funnel plot in Supplemental
Material 3). Trim and fill analysis showed that it did not need addition of virtual studies.

Calevel in CP and controls

A total of 1081 CP cases and 845 controls were included for testing the Ca level. AAS was used in testing the
Ca level in three studies with AS in two studies. CP cases demonstrated significantly lower Ca level than that
in controls among overall populations (SMD = —-0.757, 95% CI —1.475 to —0.040, P=0.038, Fig. 5) and Asians
(SMD = -1.000, 95% CI —1.950 to—0.051, P=0.039, Fig. 5). No significant difference of Ca status between CP
and controls among Caucasians (SMD =0.070, 95% CI —0.116 to 0.257, P=0.459, Table 2, Fig. 5) was observed.
Sensitivity analysis changed the overall results a little (95% CI —1.713 to 0.204). Publication bias was not observed
(P=0.346).

Mg level in CP and controls

A total of 1041 CP cases and 843 controls were included for testing the Mg level. AAS was used in testing the
Mg level in two studies with AS in another two. No marked difference of Mg level between CP cases and con-
trols was noted among overall populations (SMD = —0.139, 95% CI —0.504 to 0.226, P=0.455, Fig. 6), Asians
(SMD = -0.131, 95% CI - 0.663 to 0.401, P=0.629, Fig. 6), and Caucasians (SMD = —0.074, 95% CI —0.361 to
0.213, P=0.614, Fig. 6). Sensitivity analysis did not change the overall results (95% CI —0.595 to 0.310). Publica-
tion bias was not observed (P=0.984).
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Study %
ID SMD (95% Cl) Weight
:
Asians :
Wang et al 1989 f -1.28 (-1.79, -0.77) 6.41
Liang et al 1999 f -1.04 (-1.71, -0.38) 6.28
Hao et al 2000 ! -20.64 (-23.68,-17.59) 3.13
Li et al 2003 i -1.95 (-2.22, -1.68) 6.56
Khalique et al 2006 1 0.13 (-0.16, 0.41) 6.55
YUan et al 2007 ] -0.11 (-0.36, 0.13) 6.57
Hu et al 2008 - -0.54 (-0.78, -0.29) 6.57
Yang et al 2009 o -1.06 (-1.24, -0.89) 6.59
Chen et al 2010 o -2.39 (-3.10, -1.68) 6.24
Li et al 2014 o -1.11 (-1.50, -0.71) 6.49
Kalra et al 2015 ] -0.21 (-0.61, 0.18) 6.50
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Figure 3. Difference of Zn level between CP and control.

Discussion

CP, one of the most common developmental disabilities during the childhood throughout the lifespan, is a clinical
syndrome characterized by a motor disorder. CP has attracted much attention of doctors and parents of patients
due to its harms to neurological and motor systems in children. Identification of the potential risk factors for
CP susceptibility is helpful for the early prevention and treatment of CP. Adequate micronutrient supply in early
postnatal period may be an important tool for neuroprotection. Cu, Iron, Zn are shown to play significant role
in proper neurodevelopment and brain functioning. Our meta-analysis showed that CP cases demonstrated
significantly lower levels of Cu, Zn, iron and Ca than those in controls among overall populations and Asians,
which indicated that the deficiency of Cu/Zn/iron/Ca should be paid more attention in the population with
higher susceptibility to CP. The homeostasis of Cu/Zn/iron/Ca may be very important for neuroprotection. Early
monitoring and intervention may be helpful for CP prevention and treatment.

Several facts may account for our findings. CP is a neurological disorder usually induced by preterm birth
or infection. Metal ions are closely associated with the normal functioning of human body*'. Trace elements
deficiency is likely to cause the immune dysfunction, resulting in the increased risk of infection. Cu is a key cofac-
tor for various enzymes, such as Cu/Zn superoxide dismutase, which plays an important role for neurological
development®. Cu is also involved in the redox reactions*. CP cases are prone to Cu deficiency*. Suboptimal Cu
status was shown to be associated with poor motor performance®. Cu deficiency is also known to be associated
with higher susceptibility to traumatic brain®*®. Cu deficiency also affects the role of other cellular constituents
involved in antioxidant activities, such as iron, selenium, and also plays an important role in diseases in which
oxidative stress is elevated. Oxidative stress was involved in the brain injury. Hence, the disorder of Cu may cause
brain dysfunction. For example, higher level of Cu was associated with decreased risk of Parkinson’s disease,
which is the second most common neurodegenerative disease®.

Zn is necessary for the survival of various types of cells. Lots of enzymes exert the effects by creating bonds
with Zn ions®. Zn plays a role in cell proliferation as an element of transcription factors and enzymes of DNA
replication, Zn deficiency leads to a decline of Th1l immunity and promotes inflammatory reactions. Zn is
also present throughout the central nervous system, playing a role in synaptic transmission, neuroregulation
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Figure 4. Difference of iron level between CP and control.

and neuroprotection®. Zn also promotes spinal cord injury recovery through upregulating Zn transporter-1
and brain-derived neurotrophic factors*’. Zn inhibits free radical by promoting metallothionein production.
Meanwhile, Zn is crucial for retinol-binding protein synthesis and vitamin A mobilization. Zn plays a role in
removing the heavy metals from the body, such as Pb, As and Hg, which are implicated in the pathophysiol-
ogy of Parkinson’s disease*!. Based on the comprehensive role of Zn in the body, Zn disorder may result in the
unpredictable injuries including neurological lesions.

Iron is an important constituent of hemoglobin, which transfers oxygen. Iron deficiency leads to anemia.
Thus, iron regulates and influences the activity of various organs, as well as the whole organism. Iron also exerts
effects in the catalysis of enzymatic reactions*?. Th cells maturation was impaired in children with iron-deficiency
anemia and was regenerated by the supplementation of iron. Iron participates in the neurodevelopment®. Iron
deficiency lowers the chances of recovery of the central nervous system and influences the children’s adaptation
ability. Hence, iron homeostasis is important for neuroprotection.

Ca, an imPortant constituent of bones, Plays a vital role in the muscle contraction and relaxation, and also
regulates the electrical conduction system of the heart**. Ca also regulates the function of enzymes and is associ-
ated with the metabolism of other trace elements®. Intracellular calcium concentration is an important regulator
of several signaling mechanisms, which regulate various kinds of biological processes*. Alterations in calcium
concentration play a vital role in muscle contraction and relaxation?”. Dysregulated calcium levels have been
observed in several muscular dystrophies, including Duchenne muscular dystrophies*. Metabolic bone disease
is characterized by impaired Ca and P balance®. These previous evidence shows that Ca is closely associated
with motor disorder and is a potential therapeutic target for CP.

Mg, another important constituent of bones, is an antagonist of Ca, prevents excessive acetylcholine release
and stimulation at the neuromuscular junction. Notably, we observed null difference of Mg status between CP
and controls, which may be due to that Mg was not directly associated with the neurodevelopment. Notably, Mg
sulfate was commonly applied in obstetrics due to its prevention effect of eclamptic seizures*, which may also
affect the Mg status in neonates. Further larger numbers of studies are needed to validate our findings.
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Figure 5. Difference of Ca level between CP and control.

Our findings supported the idea that nutritional status influences the neurodevelopment, neurocognitive
performances, and later life health outcomes. Appropriate nutritional diet is important for lowering the adverse
health consequences. Also, compared with the included previously published single studies, our study was a
pooled investigation with robust significances. Although the positive association between Cu/Zn/iron/Ca and
CP provided novel insight for CP prevention and therapy, several limitations should be considered. First, the
between-study heterogeneity may distort the final results, the random-effects model decreased the influence of
the heterogeneity. On the other hand, the sensitivity analysis did not change the overall results, which indicated
that our conclusion was comparatively more robust. The participants were largely from Asians, which may limit
the generalization of our results. More studies from different ethnicities may be recruited in the future for more
robust results. Second, the publication bias was noted for the association between Cu/Zn/Iron and CP, trim and
fill analysis did not change the overall results, indicating our results were comparatively solid. Finally, despite the
significant differences of Cu/Zn/iron/Ca between CP and controls, the cause-effect relationship between trace
elements levels and CP risk remains inconclusive. The enrolled participants were all children with a lower age,
we speculated that trace elements deficiency may precede the CP onset. Due to the lack of specific age in our
investigation, further larger number studies should be performed to make a meta-regression analysis regarding
the age. Further exploring the influence of trace elements on CP occurrence will have greater clinical value. In
terms of our findings, the following issues should be addressed: (1) time-series analysis of the alteration of trace
elements in CP, (2) longitudinal observation of the association between trace elements levels and CP Progress,
(3) clarification of the cause-effect relationship between trace elements status and CP risk in prospective studies.
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Figure 6. Difference of Mg level between CP and control.

In conclusion, our investigation indicates that CP cases demonstrated significantly lower levels of Cu/Zn/
iron/Ca than those in healthy controls. Monitoring and intervention of Cu/Zn/iron/Ca disorder may be helpful
for CP Prevention and therapy.

Data availability

The original extracted data can be obtained from the PubMed (https://pubmed.ncbi.nlm.nih.gov/), Embase
(https://www.embase.com/) and Cochrane (https://www.cochranelibrary.com/) and Chinese Wan Fang data-
bases (https://www.wanfangdata.com.cn/) (through searching the include article title for the full-text paper).
The human data or humans were not directly involved in the study.
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