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Abstract: 5

The primary objective of this investigation is to explore the relationship between serum magnesium 6
(Mg) concentrations and the height and various anthropometric measurements of boys aged 9 to 13.7
Additionally, the correlations were examined between magnesium levels and other key macro-8

minerals, namely Chlorine (Cl), calcium (Ca), sodium (Na), potassium (K), and phosphorus (P). A9

group of 45 children free from chronic and systematic diseases and who do not take any medication 10
or supplements was selected. The height and weight were measured, and blood samples were col-11
lected for serum analysis of Cl, Mg, P, Ca, Na, and K. Spearman’s rho and Pearson’s correlation (r) 12
analysis were used to study the correlations between these six minerals and anthropometric analysis 13
controlling for age. They were also used to study the correlations between Mg and the other five 14
minerals. The Mg concentration mean for the children in this study was 0.8510 mmol/L with varia-15
bles ranging between 0.71-0.95 mmol/L, which falls between the normal ranges for Mg concentra-16
tion for the study’s gender and age group. However, Mg/Ca ratio mean+SD is 0.3587+0.0244, which 17
is considered low, with 40% of the sample's ratio below 0.36. Mg concentration was negatively cor-18
related (R=-0.321) with the children’s height. This correlation was statistically significant p=0.032 19

<0.05. Mg concentration was insignificantly correlated (P>0.05) with the concentration of Na (0.146), 20



percent of body fat (0.169), muscle mass (-0.211), and basal metabolic rate (-0.212). This study is the 21
first to unveil the negative correlation between serum magnesium concentrations and the height of 22
children. Additionally, it explores the potential links between magnesium levels and weight, muscle 23
mass, basal metabolic rate, visceral fat levels, and percent body fat. These intriguing correlations 24
underscore the need for further research to investigate the safety and efficacy of magnesium sup-25
plementation in the prevention of childhood obesity without compromising normal growth pat-26
terns. 27

Keywords: magnesium; height; anthropometry; macrominerals; weight 28

29

1. Introduction 30

Minerals are essential for the human body to function regularly. Approximately 31

twenty minerals are required by the body’s biochemical process for good health and 32

proper physiological regulation. Regardless of the minerals’ significance or physiological 33

role, they are classified into macrominerals and microminerals, respectively, based on 34

whether the required daily intake is higher or lower than 100mg/day (Farag, Abib, Qin, Ze, 35

& Ali, 2023). In the human body, macrominerals include Calcium (Ca), Magnesium (Mg), 36

Sodium (Na), Potassium (K), Sulfur (S), Phosphorus (P), and Chlorine (Cl). Mg is the 37

earth's eighth most abundant mineral, the fourth most prevalent essential mineral in the 38

body, and the second most common divalent cation intracellularly (Gréber, Schmidt, & 39

Kisters, 2015; Volpe, 2013). 40

The high availability of magnesium does not prevent its insufficient consumption. 41

This is due to food processing methods that remove magnesium from the food during 42
preparation. Additionally, food choices have changed to favor fast and processed foods 43
Manuscript (without Author Details) Click here to view linked References

instead of natural foods with high magnesium levels, such as whole grains, green leafy 44
vegetables, legumes, seeds, nuts, bananas, almonds, and broccoli (Razzaque, 2018). The 45

daily recommended intake (RDI) for magnesium ranges from 130 mg/day for children 4-8 46

years old to 240 mg/day for children 9-13 years old (Gréber, Schmidt, & Kisters, 2015). 47
Magnesium'’s functions in the body range from being critical in DNA replication, 48

stability, repair, and RNA transcription, to playing roles in the cardiovascular system, bone 49
proliferation, and brain. Magnesium is an enzymatic cofactor for about two hundred en-50

zymes and an extra two hundred activators, therefore affecting many biochemical pro-51

cesses (Glasdam, Glasdam, & Peters, 2016; Fiorentini, Cappadone, Farruggia, & Prata, 52



2021). With this wide range of functions of magnesium, its deficiency is linked to a variety 53
of severe conditions such as mental disorders, atherosclerosis, blood lipids, sugar altera-54
tion, type 2 diabetes, myocardial infarction, hypertension, kidney stones, premenstrual 55
syndrome, electrolyte abnormalities, and renal disease (Grober, Schmidt, & Kisters, 2015). 56
The bone s the storing site for over 50% of the body's Mg, where one-third of it is used to 57
maintain extracellular Mg levels. Over 40% is distributed between muscles and other tis-58
sues. Only two percent is found in erythrocytes and serum. About 55% of serum magne-59
siumis found as free ionic Mg2+ (Glasdam, Glasdam, & Peters, 2016) 60

Due to the high importance of magnesium for many functions of the body, the 61

body's systems works to maintain its homeostasis so that it is readily available even when 62
the rate of food consumption decreases. For example, in response to the low intake of Mg, 63
the rate of its absorption from food increases, and the rate of excretion with urine declines 64
(Nielsen, 2010). The effect of Mg concentration on Mg absorbance is the main factor in Mg 65
homeostasis, and no hormone controls the serum level of Mg (Ghosh & Joshi, 2008). Raz-66
zaque (2018) reminds us that the ordinary serum level of magnesium does not necessarily 67
signify the absence of moderate to severe deficiency in magnesium since it is drawn from 68
the cells to compensate for its insufficient levels in the blood. Therefore, magnesium levels 69
appear within the normal ranges in blood analyses even when an individual is magnesium 70
deficient (Razzaque, 2018). It is suggested to use Mg/Ca ratio as a better indicator of Mg 71
level, where a Mg/Caratio of 0.4 is considered optimal while a ratio value below 0.36 is 72
too low (Rosanoff & Wolf, 2016). 73

Despite its abundance, the lack of magnesium consumption is prevalent. In 2021, 74

Kutbi reported on 424 Saudi children between the ages of 6 and 12 years old, and found 75
that most of the studied children did not consume a sufficient amount of Mg (Kutbi, 2021). 76
This low essential nutrient consumption was also reported by Allam et al. (2012) who 77
found out that medical students were consuming only 24% of the RDA (Allam, Taha, Al-78
Nozha, & Sultan, 2012). Several reports indicated low magnesium intake in many areas of 79
the world including the US (Nielsen, 2010), China (Huang, et al., 2022), and several Euro-80
pean countries (Mensink, et al., 2013). 81

Children in the prepubertal period require a sufficient amount of all nutrients neces-82

sary for proper development. An important aspect of children’s growth is bone elongation 83
and remodeling which is orchestrated by many hormones, enzymes, and nutrients. Ibra-84

him et. al (2002) found that stunted Egyptian children have significantly lower magnesium 85



levels when compared to healthy controls (Ibrahim, Abd El Maksoud, & Nassar, 2002). 86

Magnesium plays a role in the function of many of these hormones, enzymes, and nutrients. 87

Mg aids in bone crystals' size and formation by increasing the solubility of minerals like Pi 88

and Ca2+, which compose the hydroxyapatite crystals (Fiorentini, Cappadone, Farruggia, 89

& Prata, 2021). Bone develops from osteoblasts, whereas cartilage grows from chondro-90

cytes (Aghajanian & Mohan, 2018) Children's increased height results from their bones 91

growing via endochondral ossification (Satoh & Hasegawa, 2022). Endochondral ossifica-92

tion is the process that starts with cartilage formation and continues to cartilage replace-93

ment by bone (Boyce, Yao, & Xing, 2009). Bone remodeling is a process that may happen 94

under normal and pathological conditions via osteoclasts (Boyce, Yao, & Xing, 2009). Os-95

teoclasts' secretions make microscopic trenches on the bones, which recruit osteoblasts to 96

put and mineralize a new matrix (Boyle, Lawton, & Dye, 2016). Hormones, vitamins, and 97

minerals affect these processes. 98

Parathyroid hormone (PTH), which regulates calcium absorption and conserva-99

tion, is affected by magnesium levels. Slightly low levels of Mginduce PTH, while an ex-100

treme drop in Mg concentration inhibits PTH secretion. At low calcium concentrations, Mg 101

inhibits PTH secretion (Fiorentini, Cappadone, Farruggia, & Prata, 2021). Thus, Mg influ-102

ences PTH regulation of Ca absorbtion which affects bones. 103

Magnesium salts enhance osteogenesis in two ways. First, it induces the Notch 104

signaling pathway, which is exceedingly involved in bone formation. Second, Mg stimu-105

lates mesenchymal stem cell (MSC) proliferation and differentiation into osteoblasts (Diaz-106
@Tocados, etal,2017).107

Extracellular Ca enhances osteoblasts and chondrocytes (Aghajanian & Mohan, 108

2018), where a high extracellular level of Mg promotes the differentiation of osteoclasts 109

and inhibits osteoblast activity and osteogenesis (Mammoli, et al., 2019). Limited dataare 110

available on osteoclasts' and osteoblasts' responses to high levels of Mg, and nonearein 111

vitro. Mammoli et al. (2019) hypothesized that increased extracellular Mg causes an imbal-112

ance between osteoblasts and osteoclasts (Mammoli, et al., 2019). 113

Investigators have studied children’s growth spurts, including height, weight, and 114

body composition in relation to age and puberty. The relationships between children's 115

height and serum magnesium concentration in relation to other macroelement concentra-116

tions have not been examined in healthy children. This study aims to investigate the cor-117

relation between the level of serum Mg and height and nutritional status defined according 118



to BMIin healthy children aged 9-13 living in Jeddah, Saudi Arabia. 119
2. @Materials and Methods 120
2.1 Study design 121

@This is an observational cross-sectional study. The included volunteer children were 122
boys living in Jeddah, Saudi Arabia. For concision and better differentiation between late 123
childhood and late pubertal and postpuberal stages, this study selected prepubertal indi-124
viduals [21] from boys' Tanner's stages 1 and 2 (aged 9 to 13 years) [22], which are the 125
transitional stage between childhood, and puberty (Tanner's stages 3 and 4). 126
The study participants were devoid of any systemic or local diseases. Children who 127
were severely ill and participants who had a history of current or recent (within the last 128
month) antibiotic use were excluded. 129
2.2 Anthropometry 130
A shoeless standing height was measured. Basal metabolic rate, and all body com-131
position measurements including weight, body mass index, percent body fat, and muscle 132
masswere conducted using a bioelectrical impedance analysis (InBody 120). 133
134
2.3 Biochemical measurements 135
A certified technician collected blood from the children's veins after 8 hours of fasting, and 136
left it to coagulate. After the coagulation, samples were centrifugated for seven minutes, at 137
6000 rpm (4,427 g) to separate the serum. The serum was taken to clinical biochemistry 138
laboratory at King Abdulaziz Medical City, King Khalid Hospital for National Guard, Jed-139
dah, Saudi Arabia, that is associated with KSAU-HS for the elements analysis. The serum 140
concentrations of Chlorine (Cl), Magnesium (Mg), Phosphate (P), Calcium (Ca), Sodium 141
(Na), and Potassium (K) was measured using an automated clinical chemistry ana-142
lyzer, Architect c8000 (Abbott, Abbott Park, IL, USA). Determination of the concentrations 143
was conducted using reagents for each mineral from Abbott Company according to in-144
structions for the kit insert to ensure the reliability of the results. 145
The following protocols were used for minerals detection: Abbott ion selective electrode 146
for chloride, potassium and Sodium, Abbott ARCHITECT enzymatic assay for magne-147
sium (3P68), Abbott phosphomolybdate (7D71) for phosphate, and bbott Architect Arse-148
nazo Il for calcium (3L79). 149
Prior to running the test on the ARCHITECT, the presence of adequate sample volume was 150

ensured, and all samples were initially tested using the ARCHITECT STANDARD Dilution 151



Protocol. If a sample result was greater than the upper value of the analytical measurement 152
range (AMR), this sample was retested using the dilution protocol. If the result obtained 153
was within the AMR, the sample was run as neat. Studies were conducted on the ARCHI-154
TECTc System based on guidance, using the ARCHITECT Reagents. Quality control sam-155
ples were run on a daily basis, and they were within the acceptable limits. The Architect 156
minerals assays were investigated for within and between run precision (percentage of co-157
efficient of variation (% CV)). The precision, linearity, maximum observed Limit of Blank 158
(LoB), Limit of Detection (LoD), and Limit of Quantitation (LoQ) studies were verified 159
based on the reagents insert kit protocol and the guidance for clinical laboratory standards. 160
2.4 Statistical Analysis 161
All measurements including minerals and Anthrobometric data were collected us-162
ing an excel entry data sheet. The results were statistically analyzed using the two soft-163
wares SPSSv 25 and rstudio v 4.2.1. The mean value, standard deviation (SD) and mini-164
mum and maximum values range were computed for the anthropometric measurements 165
and the Cl, Mg, P, Ca, Na, and K levels. The Shapiro test was used to test the distribution 166
@of the data. The Spearman’s rho and Pearson’s correlation (r) analyses were done to study 167
the strength of correlation that trace elements demonstrate with anthropometric parame-168
ters controlling for age as a cofounder. Pearson stipulates that both variables follow a nor-169
mal distribution, otherwise, Spearman’s was used. The statistical correlation was consid-170
@ered significant when p < 0.05. 171
3. Results 172
The research population was comprised of 45 boys aged 9 to 13. The mean height 173
was 143 cm with a minimum value of 129 cm and a maximum value of 155 cm. Table 1 174
illustrates the summary of the statistics for a general description of the subjects including 175
anthropometric measurements. The serum Mg concentration mean was 0.8510 mmol/L 176
with variables ranging between 0.71-0.95 mmol/L, which falls between the normal ranges 177
for Mg concentration for the study’s gender and age group. However, Mg/Ca ratio 178
meantSD was 0.3587 +0.0244, which is considered low, with 40% of the sample’s ratio 179
below 0.36. 180
Serum magnesium concentration was negatively correlated with the children’s 181
@height controlling for age. The negative correlation between Mg and height was weak (R= 182
-0.321) but significant (p=0.032 <0.05). Figure 1 shows the distribution of Mg and height 183

datain a scatter plot to visualize the trend line and the inverse relationship between height 184



and Mg. 185

As seen from the data in Table 2, there were no significant correlations between 186

height and serum concentration of Cl, Ca, Na, K, and P controlling for age. Table 3 shows 187

the relationship results between Mg and other tested trace elements. There is no significant 188

correlation between the trace elements serum concentration and Mg serum concentration 189
@in the study group. 190

There was no significant correlation between the child's age, weight, BMI, muscle 191

mass, basal metabolic rate, percent body fat, nor visceral fat level and Mg serum concen-192

tration in the study population (p> 0.05, see Table 4). 193

3.1. Figures, Tables, and Schemes 194

Table 1. General anthropometric characteristics of the study population 195

196

Table 2. Partial correlation between height and trace elements concentrations controlling for age. 197

198

199

Figure 1. The negative correlation between height and serum Mg concentration in the study population 200

201

Table 3. Relationship between serum Mg and Ca, Na, K, P, Cl in children aged 9-13 years old living in Saudi Arabia 202

203

Table 4. Correlation between serum Mg concentration and anthropometric measurements 204

205

Discussion 206

Previously, the role of macrominerals in the height and growth of children has had 207

more focus on Zn and Ca, and less attention has been given to Mg, the forgotten electrolyte 208

(Castiglioni, Cazzaniga, Albisetti, & Maier, 2013; Ahmed & Mohammed, 2019). This re-209

search is the first to explore correlations between serum macrominerals concentrations and 210

to investigate whether Mg is related to height and body composition in boys between the 211

ages of 9-13 years old living in Saudi Arabia and free from other conditions. The selected 212

subjects' serum concentrations of the measured electrolytes Mg, Ca, Cl, K, Na, and P are 213

normal. However, the mean value of the Mg/Ca ratio is low, and individual values showed 214

several children with less than the optimal ratio of 0.36 (Rosanoff & Wolf, 2016). The results 215

of the study (table 2) show a significant (P=0.032) inverse relationship between the serum 216

concentration of Mg in children and their height. Figure 1 represents the scatter diagram 217



of serum magnesium levels with body height in the study sample (r=-0.321, p<0.032). The 218
weak correlation indicated by the value of r=-0.321 suggests a collective effect of Mg with 219
other trace elements that allow this relationship between Mg and height. When consider-220
ing the effect of age, it was determined as a confounding factor in the correlation between 221
height and minerals. Furthermore, the correlation between age and Mg concentration was 222
calculated, and no significant correlation was found. Thus, the inverse relationship be-223
tween Mg and height is more likely to be true regardless of any developmental factor as-224
sociated with age. 225

This negative relationship between body height and Mg concentration is in align-226

ment with Rebacz-Maron (2016) results who reported a significantly strong negative cor-227
relation between hair Mg concentration versus body height (r = -0.63) and weight (r = -228
0.66) in the underweight secondary school students aged 16.60 + 1.92 in Tanzania (Rebacz-229
Maron, 2016). While the children in this study and Rebacz-Maron (2016) study differ in age 230
and ethnicity, the similarity in the nature of correlation in Mg and height gives a support-231
ing reason to trust that this correlation is worth further investigation. These results show 232
that Mg is related in an inverse fashion to the child’s height, which suggests an accelerated 233
endochondral ossification. The mechanism by which Mg influences the height of the child 234
oris influenced by it is yet to be investigated. Several hypotheses to be considered include: 235
1) the antagonism between Ca and Mg so that high Mg inhibits hydroxyapatite crystal for-236
mation (Navarro-Gonzélez, Mora-Fernandez, & Garcia-Pérez, 2009), 2) Mg impairs para-237
thyroid function (Rodriguez-Ortiz, et al., 2014), and 3) high Mg inhibits osteoblast activity 238
(Leidi, Dellera, Mariotti, & Maier, 201 1) as well as bone mesenchymal stem cell osteogen-239
esis (Mammoli, et al., 2019). 240

Interpreting the data using Mg concentration alone suggests that children’s height 241

between the ages of 9 to 13 and Mg absorbance influence each other; it is possible that taller 242
children absorb Mg more, resulting in lower serum concentrations, or that increased Mg 243
serum levels result in shorter children. It also suggests that with children’s development, 244
the need for Mg increases due to growing organs (like bones), which is supported by the 245
low Mg/Ca ratio values obtained. 246

The limited research on Mg and children’s height suggests that this relationship 247

is observed as the child grows during elementary school age. Other studies showed no 248
relationship between height and Mg concentration in children aged 0 to 6 years old. Yin et 249

al. (2017) measured serum concentrations of Mg in children 6 to 36 months and found no 250



correlation with their height (Yin, et al., 2017). Cao et al. (2015) conducted a study on 2141 251
children from 0 to 6 years old and found no correlation between Mg concentration and the 252
height of the child (Cao, et al., 2016). 253
Other than Mg, none of the remaining measured electrolytes showed a significant 254
correlation with height in this study population. The absence of a significant correlation 255
between Ca and height is consistent with the findings of other studies on children’s growth 256
and Ca concentrations (Sudrez-Ortegoén, et al., 2011; @Ye, etal.,, 2015; Cao, et al., 2016; Yin, 257
@et al., 2017). Sudrez-Ortegdn et al. (201 1) did not find a significant correlation between Ca 258
and height in children of ages 2-5 years old (Suarez-Ortegén, et al., 2011). Cao et al. did not 259
find an effect of Ca on height in children younger than 6 years old (Cao, et al., 2016). Other 260
studies found no effect of additional Ca intake on height (Lee, et al., 1995; Winzenberg, 261
Shaw, Fryer, & Jones, 2007). However, supplementation with Ca was positively associated 262
with the mineral content of bones (Leg, et al., 1995). 263
This study did not find a significant relationship between children’s weight and 264
magnesium levels, as evidenced by correlation coefficient values of -0.044 and 0.093 for 265
weight and BMI, respectively. These values are very close to 0, which indicates no relation. 266
In the P values of 0.776 for weight and 0.544 for BMI, the absence of correlation is con-267
firmed. The basal metabolic rate, and remaining composition elements of body muscle 268
mass, percent body fat, and visceral fat level, were weakly and not significantly correlated 269
to Mg concentrations. The absence of a correlation between Mg concentration and body 270
composition suggests that Mg does not affect the body weight of children by influencing 271
fat and muscle percentage. 272
While this study found an insignificant negative correlation between children’s 273
weight and Mg concentrations, a study done by Lu et al. (2020) found a significant inverse 274
relationship between Mg and body weight in obese adults (Lu, et al., 2020). The absence of 275
significance in this study could be due to variance in sample size. 276
Hassan et al. (2017) reported a decrease in the mean serum Mg level in obese kids 277
versus kids of normal BMI aged 2-14 years in Pakistan, which is consistent with this re-278
search’s finding of a negative correlation between Mg and weight (Hassan, et al., 2017). 279
The sample size may account for the degree of correlation and absence of significancein 280
the current study. Both studies (Lu, et al., 2020; Hassan, et al., 2017), supported by this 281
study’s finding of inverse correlation, indicate the relationship between Mg and body 282

weight and compositions. The decrease in Mg levels in obese individuals may be due to 283

10



the significant role of Mg in many metabolic pathways. It also suggests a hypothetical role 284
of increasing Mg intake in obesity prevention. However, we support their call for more 285
studies to evaluate the effect of Mg supplementation on weight control in kids, especially 286
when considering this study’s findings of potential adverse effects of increased Mg con-287
centration on bone elongation. While Mg supplementation may aid in weight control, it 288
may also negatively affect children’s growth in other areas such as their height. Further-289
more, mineral deficiency in children with developmental abnormalities like stunting 290
(Ibrahim, Abd El Maksoud, & Nassar, 2002) results in the trend of micronutrient supple-291
mentation in children. The parental trend is to over supplement a nutrient to a child once 292
its deficiency is a associated with developmental retardation. Thus, parents should be ed-293
ucated on the important effect of precisely obeying RDA, particularly for parents to avoid 294
under and over providing. 295

The correlation between the five macrominerals of interest in this study was in-296

vestigated in studies on the serum of cows that reported a significant negative correlation 297
between K and Ca (Fadlalla, Omer, & Atta, 2020) and a significant positive correlation be-298
tween Mg and P (Mordak, Dobrzanski, & Kupczyrski, 2021). Girardin and Paunier (1985) 299
found a highly significant correlation between human erythrocytes concentrations of Mg 300
and K (Girardin & Paunier, 1985). Girardin and Pauniers' results agree with Alaly et al. 301

who reported a moderate correlation between Mg and K (Alaly, Abdulsahib, Mohsen, & 302
Jwad, 2012). Thus, more studies on correlations between these minerals in the serum of 303
healthy humans validate these findings. In the current study, Mg is correlated positively 304
with the three electrolytes Na, K, and Cl but negatively with P and Ca. However, none of 305
these correlations are statistically significant. Electrolytes interact with other proteins and 306
molecules in the body. These metals may bind the same protein, use the same channel in 307
an antiport or symport fashion, have metabolic and absorbance antagonism, and may pos-308
itively or negatively affect each other's concentrations. However, the detailed mechanism 309
by which these electrolytes correlate to each other requires further investigation. 310

The small sample size is a limitation in this study. Additionally, it would be ad-311

visable to measure markers of endochondral ossification and levels of osteocalcin to be 312
assessed. Despite these limitations, this study successfully exposed the significant correla-313
tion between Mg and height, which requires more attention. The significance of the corre-314
lation between the height and Mg concentration, despite the small size, is a good indicator 315

of the existence of a relationship that requires further research. 316

1



317
5. Conclusions 318
This study shows that Mg serum concentrations have a significant negative correla-319
tion with children’s height. This correlation suggests the role of Mg intake on height in 320
children and gives a potential hypothesis that Mg may influence height through one of 321
three mechanisms: 1) inhibiting hydroxyapatite crystal formation due to antagonism be-322
tween Ca and Mg, 2) impairing parathyroid function, and 3) inhibiting osteoblast activity 323
and osteogenesis. This role calls for more research investigating the safety and effect of 324
Mg supplementation to prevent children’s obesity without impairing their height. More-325
over, studies on larger populations, cross-genders, and ethnic groups are needed to eluci-326
date the correlations and understand more mechanisms behind these correlations. 327
328
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Correlation Coefficient

Significant (2-tailed)

Spearman's

rho

K-0.060 0.701 NS

Cl-0.0550.721 NS

Pearson’s

correlation

Mg-0.308 0.042 S

Ca-.029 0.853NS

Na 0.052 0.738 NS

P -0.047 0.762NS

Ca/Mg0.241 0.111NS

Mg/Ca-0.249 0.099NS

S, significant (P < 0.05). NS, not significant (P > 0.05).
449

450

451

452

Range Mean+SD

9-1311.19+£0.917 Age

129-155 142 +6.652 Height (cm)

24.1-61.5 35.7262 +9.3251 Weight (kg)

9.4-20.1 13.7476 +£2.3052 Muscle Mass (kg)
0.03-0.506 0.2279 +0.1104 Percent Body Fat (%)
12.7-31.8 17.65+4.2288 Body Mass Index (kg/m2)
793-1179 947 +82.559 Basal Metabolic Rate
(Kcal/24h)

1-10 3.24 £2.314 Visceral Fat Level

0.71-0.95 0.8510 £0.0495 MAG (in mmol/L)

0.30-0.42 0.3587 £0.0244 Mg/Ca (in mmol/L)
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2.37-3.3 2.8 +0.1869 Ca/Mg (in mmol/L)
453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

Figure 1. The negative correlation between height and serum Mg concentration in the study population 475
476

Table 3. Relationship between serum Mg and Ca, Na, K, P, Cl in children aged 9-13 years old living in Saudi Arabia 477
Correlation Coefficient Significant
Pearson’s

correlation

R p (2-tailed)

Ca-0.067 0.662NS

Na0.146 0.338NS

P-0.014 0.926NS
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Spearman's

rho

rs p (2-tailed)

K 0.087 0.571NS
Cl0.034 0.825NS
NS, not significant (P > 0.05).
478

479

480

481

482

483

484

485

486

Table 4. Correlation between serum Mg concentration and anthropometric measurements 487
488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504
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505

506

507

508

Correlation Coefficient r Significant (2-tailed)
Pearson’s
correlation

Height -0.308 0.042 S
Muscle

Mass

-0.211 0.164 NS
Basal Met-

abolic Rate

-0.212 0.163 NS
Spearman's

rho

Age-0.132 0.406
Weight -0.044 0.776
Percent

Body Fat

0.169 0.266
BMI0.093 0.544NS
Visceral

Fat Level

0.070 0.648NS

S, significant (P < 0.05). NS, not significant (P > 0.05).
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