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ABSTRACT

Background: This study aims to assess the relationship of  serum 
Mg and vitamin D levels in a nationally‑representative sample of  
Iranian adolescents.
Methods: The study participants consisted of  330 students, 
aged range from 10 to 18  years, consisting of  an equal number 
of  individuals with and without hypovitaminosis D. The 
correlation between serum 25 hydroxy vitamin D (25(OH) D) and 
magnesium (Mg) concentrations was determined.
Results: The mean age of  participants was 14.74 ± 2.587 years, without 
significant difference between those with hypovitaminosis D and 
those without it. The mean 25(OH) D level was 6.34 ± 1.47 ng/ml in 
the group with hypovitaminosis D and 39.27 ± 6.42 ng/ml in the 
group without it. The mean Mg level was 0.80 ± 0.23 mg/dl with 
lower level in the group with hypovitaminosis D than in others 
(0.73  ±  0.22 mg/dl vs. 0.87  ±  0.22 mg/dl, respectively) and 
according to t‑test analysis, significant lower levels in the deficient 
group was observed  (P  =  0.0001). The linear regression analysis 
showed the meaningful relationship between Mg and 25(OH) D 
serum levels (P = 0.0001).
Conclusions: Our study revealed significant associations 
between serum Mg and 25(OH) D levels. This finding may be 
of  use for further studies on the prevention and management 
of  hypovitaminosis D in children and adolescents. Further 
longitudinal studies shall evaluate the underlying mechanisms and 
the clinical significance of  the current findings.
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INTRODUCTION
Vitamin D is a lipid soluble vitamin with steroidal structure. 

It has an extensive range of  cellular and molecular functions. 
It plays key roles in different organs as bone mineralization by 
maintaining serum calcium and phosphorus concentrations at 
required levels, cellular differentiation and replication in many 
body organs, glucose homeostasis, muscle and skeletal function 
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etc., Adequate intake of  this vitamin can prevent 
the risk of  some skeletal as well as non‑skeletal 
disorders as autoimmunity, atopic conditions, 
some types of  cancers, chronic hepatitis C and 
cardiometabolic diseases.[1‑4] It seems that blood 
levels of  vitamin D during childhood encompass 
a great value to prevent the abovementioned 
disorders in adulthood.[5]

The main source of  vitamin D is its synthesis 
in the skin by sun exposure; however it is 
well‑documented that vitamin D deficiency is 
prevalent in all regions of  the world[6‑9] even in 
sunny regions, as in the Middle East and North 
Africa (MENA).[7]

The population of  MENA region has one of  
the greatest prevalence rates of  hypovitaminosis D 
with lower bone density than in Western countries. 
Different factors as low dietary intake, lack of  
enough sun exposure, air pollution, latitude 
and season can be attributed as the reasons of  
hypovitaminosis D.[10‑14] However, the effects of  
some essential elements like magnesium shall be 
taken into account in this regard.[1,3,5,15,16]

Magnesium  (Mg) as the second most plentiful 
intracellular cation and an important part of  bone 
mineralization has a crucial function in synthesis 
and metabolism of  vitamin D.[15,17]

As hypovitaminosis D is prevalent in the 
pediatric age group of  the MENA region, this 
study aims to assess the relationship of  serum Mg 
and vitamin D levels in a nationally‑representative 
sample of  Iranian adolescents.

METHODS
This national population‑based study was 

performed as a sub‑study of  the “national survey 
of  school student high risk behaviors”, which was 
conducted as the third survey of  the school‑based 
surveillance system entitled Childhood and 
Adolescence Surveillance and Prevention of  
Adult Non‑communicable disease study. This 
school‑based nationwide health survey was 
conducted among 5528 students, aged 10‑18 years, 
living in 27 provinces in Iran. Details of  data 
collection and sampling are reported previously[18] 
and here it is reported in brief.

Participants
The study protocols were reviewed and 

approved by ethical committees and other relevant 

national regulatory organizations. After complete 
explanation of  the study objectives and protocols 
for students and their parents, written informed 
consent and oral assent were obtained from the 
parents and the students, respectively.[18] The 
current survey was done as a sub‑study among 
a randomly selected sample of  frozen sera 
(−70°C) of  participants in whom 25‑hydroxy 
vitamin D (25(OH) D) was determined.[19] Sera 
of  two groups of  adolescents with or without 
vitamin D deficiency were randomly selected. 
The Research and Ethics Committee of  Isfahan 
University of  Medical Sciences, Isfahan, Iran, 
approved the current study.

Serum concentration of  25(OH) D was analyzed 
quantitatively by direct competitive immunoassay 
chemiluminescene method applying LIASON® 
25 OH vitamin D assay TOTAL (DiaSorin, Inc.), 
with a coefficient of  variation of  9.8%.

25(OH) D level of  less than 10 ng/ml 
was considered as vitamin D deficiency and 
levels between 10 and 30 ng/ml as vitamin D 
insufficiency.[20]

Magnesium level was determined by atomic 
absorption spectrophotometer by using hollow 
cathode lamps of  Mg.

The relationship between serum vitamin D and 
Mg levels was assessed through linear regression 
analysis purposing Mg as independent variable and 
25(OH) D as dependent. Mean Mg serum level in 
deficient and normal group was compared by t‑test 
analysis. Data were analyzed by SPSS statistical 
software  (version  18.0; SPSS Inc., Chicago, IL, 
USA); the significance level was set at P < 0.05.

RESULTS
The study participants consisted of  330 students 

consisting of  an equal number of  participants 
with and without hypovitaminosis D. The mean 
age of  participants was 14.74  ±  2.587  years, 
without significant difference between those 
with hypovitaminosis D and those without it 
(14.75 ± 2.52 vs. 14.74 ± 2.66 years, respectively, 
P > 0.05). Baseline characteristics of  participants 
are shown in Table  1. The mean 25(OH) D 
level was 6.34  ±  1.47 ng/ml in the group with 
hypovitaminosis D and 39.27  ±  6.42 ng/ml 
in the group without it. The mean Mg level 
was 0.80  ±  0.23 mg/dl with lower level in the 
group with hypovitaminosis D than in others 
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(0.73 ± 0.22 mg/dl vs. 0.87 ± 0.22 mg/dl, respectively), 
with significant lower levels in the deficient 
group according to t‑test analysis  (P  =  0.0001). 
The linear regression analysis showed that 
as one unit increase in Mg level, 25(OH) D 
level raises 0.276, which shows a significant 
relationship (P = 0.0001).

DISCUSSION
This study, which to the best of  our knowledge 

is the first of  its kind, investigated the association 
of  serum 25(OH) D levels with serum Mg in 
a large nationally‑representative sample of  the 
pediatric population. We found that serum 25(OH) 
D and Mg concentrations had a positive significant 
correlation.

It is well‑documented that hypovitaminosis D 
is highly prevalent in children and adolescents and 
shall be considered a public health priority in many 
parts of  the world.[9,21‑30] Vitamin D deficiency 
is important from different aspects due to key 
roles of  this vitamin in different organs and also 
mechanisms in body tissues.

Different studies revealed the skeletal[21,29,30] and 
extra skeletal health effects of  this vitamin.[5,8,31] 
In a triple masked clinical controlled trial among 
50 obese children aged 10‑16  years, vitamin D 
supplementation was effective on reducing insulin 
resistance and cardiometabolic risk factors.[32] Mg, 

as the second intracellular positive cation may 
effect on this process. Deng et  al. in their study 
surveyed the relationship between Mg and 
vitamin D status and explored Mg intake alone or 
its interaction with vitamin D intake may involve 
in vitamin D status.[15] Furthermore, Vojtková et al. 
found that deficient vitamin D type  1 diabetic 
children have lower Mg level in their blood 
levels.[20] This relationship may be the result of  
the central role of  that in mineral homeostasis, 
regulating parathormone secretion and vitamin D 
action and activation.[17,33] Sahota et al. found that 
Mg is a crucial contributing factor in patients with 
established osteoporosis with vitamin D deficiency 
and blunted parathormone level.[34]

Study limitations and strengths
The main limitation of  this study was its 

cross‑sectional nature, so the associations of  
diverse variables should be considered with 
caution. The study strengths are its novelty in the 
pediatric age group and using data of  a nationally 
representative group of  adolescents, which would 
increase the generalizability of  the study findings.

CONCLUSIONS
Our study revealed significant associations 

between serum Mg and 25(OH) D levels. This 
finding may be of  use for interventional actions to 
prevent and manage the highly prevalent problem 
of  hypovitaminosis D in children and adolescents. 
Further longitudinal studies are required to find 
the underlying mechanisms and the clinical 
significance of  this association.

REFERENCES
1.	 Nucci AM, Russell  CS, Luo  R, Ganji V, Olabopo  F, 

Barbara  H, et  al. The effectiveness of a short food 
frequency questionnaire in determining vitamin D intake 
in children. Dermatoendocrinol 2013;5:205‑10.

2.	 Ceglia L. Vitamin D and its role in skeletal muscle. Curr 
Opin Clin Nutr Metab Care 2009;12:628‑33.

3.	 Cosenza  L, Pezzella V, Nocerino  R, Di Costanzo  M, 
Coruzzo A, Passariello A, et al. Calcium and vitamin D 
intakes in children: A randomized controlled trial. BMC 
Pediatr 2013;13:86.

4.	 Torun E, Gönüllü E, Ozgen IT, Cindemir E, Oktem F. 
Vitamin D deficiency and insufficiency in obese 
children and adolescents and its relationship with insulin 
resistance. Int J Endocrinol 2013;2013:631845.

Table 1: Baseline characteristics of participants

Parameters Normal group Deficient group
Age 14.74±2.66 14.74±2.52
BMI 19.58±4.56 19.64±5.41
SBP 102.33±12.55 102.55±14.47
DBP 63.87±9.52 65.37±9.90
HDL-C 48.55±14.95 48.69±14.10
LDL-C 82.34±26.49 80.81±29.47
Total cholesterol 148.19±32.22 147.15±30.685
TG 97.46±44.81 95.07±40.20
FBG 87.85±12.26 87.93±12.09
AST 24.51±9.48 23.49±10.39
ALT 18.21±14.10 17.82±9.20

All variables are reported in mean±SD. BMI=Body mass 
index, SBP=Systolic blood pressure, DBP=Diastolic 
blood pressure, HDL-C=High density lipoprotein 
cholesterol, LDL-C=Low density lipoprotein cholesterol, 
TG=Triglyceride,  FBG=Fasting blood glucose, 
AST=Aspartate aminotransaminase, ALT=Alanine 
aminotransaminase, SD=Standard deviation



Kelishadi, et al.: Magnesium and vitamin D associations

International Journal of Preventive Medicine, Vol 5, No 1, January, 2014102

5.	 Misra  M, Pacaud  D, Petryk A, Collett‑Solberg  PF, 
Kappy  M, Drug and Therapeutics Committee of the 
Lawson Wilkins Pediatric Endocrine Society. Vitamin 
D deficiency in children and its management: Review 
of current knowledge and recommendations. Pediatrics 
2008;122:398‑417.

6.	 Andıran N, Çelik N, Akça H, Doğan G. Vitamin D 
deficiency in children and adolescents. J Clin Res Pediatr 
Endocrinol 2012;4:25‑9.

7.	 Bassil  D, Rahme  M, Hoteit  M, Fuleihan Gel‑H. 
Hypovitaminosis D in the Middle East and North 
Africa: Prevalence, risk factors and impact on outcomes. 
Dermatoendocrinol 2013;5:274‑98.

8.	 Olson  ML, Maalouf  NM, Oden  JD, White  PC, 
Hutchison MR. Vitamin D deficiency in obese children 
and its relationship to glucose homeostasis. J  Clin 
Endocrinol Metab 2012;97:279‑85.

9.	 Zhu Z, Zhan J, Shao J, Chen W, Chen L, Li W, et al. High 
prevalence of vitamin D deficiency among children aged 
1 month to 16 years in Hangzhou, China. BMC Public 
Health 2012;12:126.

10.	 Kelishadi R, Sharifi‑Ghazvini F, Poursafa P, Mehrabian F, 
Farajian  S, Yousefy  H, et  al. Determinants of 
hypovitaminosis d in pregnant women and their newborns 
in a sunny region. Int J Endocrinol 2013;2013:460970.

11.	 Kelishadi R, Moeini R, Poursafa P, Farajian S, Yousefy H, 
Okhovat‑Souraki AA. Independent association between 
air pollutants and vitamin D deficiency in young 
children in Isfahan, Iran. Paediatr Int Child Health 2013; 
[Epub ahead of print].

12.	 Ardestani  PM, Salek  M, Keshteli AH, Nejadnik  H, 
Amini M, Hosseini SM, et al. Vitamin D status of 6‑to 
7‑year‑old children living in Isfahan, Iran. Endokrynol 
Pol 2010;61:377‑82.

13.	 Salek  M, Hashemipour   M, Aminorroaya  A, 
Gheiratmand A, Kelishadi  R, Ardestani  PM, et  al. 
Vitamin D deficiency among pregnant women and their 
newborns in Isfahan, Iran. Exp Clin Endocrinol Diabetes 
2008;116:352‑6.

14.	 Maalouf G, Gannagé‑Yared MH, Ezzedine J, Larijani B, 
Badawi S, Rached A, et al. Middle East and North Africa 
consensus on osteoporosis. J Musculoskelet Neuronal 
Interact 2007;7:131‑43.

15.	 Deng X, Song Y, Manson JE, Signorello LB, Zhang SM, 
Shrubsole MJ, et al. Magnesium, vitamin D status and 
mortality: Results from US National Health and Nutrition 
Examination Survey  (NHANES) 2001 to 2006 and 
NHANES III. BMC Med 2013;11:187.

16.	 Wagner CL, Greer FR, American Academy of Pediatrics 
Section on Breastfeeding, American Academy of 
Pediatrics Committee on Nutrition. Prevention of 
rickets and vitamin D deficiency in infants, children, and 
adolescents. Pediatrics 2008;122:1142‑52.

17.	 Carpenter TO, DeLucia MC, Zhang JH, Bejnerowicz G, 
Tartamella L, Dziura J, et al. A randomized controlled study 
of effects of dietary magnesium oxide supplementation on 
bone mineral content in healthy girls. J Clin Endocrinol 
Metab 2006;91:4866‑72.

18.	 Kelishadi R, Heshmat R, Motlagh ME, Majdzadeh R, 
Keramatian  K, Qorbani  M, et  al. Methodology and 
early findings of the third survey of CASPIAN study: 
A national school‑based surveillance of students’ High 
Risk Behaviors. Int J Prev Med 2012;3:394‑401.

19.	 Kelishadi R, Ardalan G, Motlagh ME, Shariatinejad K, 
Heshmat R, Poursafa P, et al. National report on the 
association of serum vitamin  D with cardiometabolic 
risk factors in the pediatric population of the Middle East 
and North Africa (MENA): The CASPIAN-III Study 
2014;30:33-8.

20.	 Vojtková J, Ciljaková M, Vojarová L, Janíková K, 
Michnová Z, Sagiová V. Hypovitaminosis D in 
children with type 1 diabetes mellitus and its influence 
on biochemical and densitometric parameters. Acta 
Medica (Hradec Kralove) 2012;55:18‑22.

21.	 Cheng  S, Tylavsky  F, Kröger H, Kärkkäinen M, 
Lyytikäinen A, Koistinen A, et al. Association of low 
25‑hydroxyvitamin D concentrations with elevated 
parathyroid hormone concentrations and low cortical 
bone density in early pubertal and prepubertal Finnish 
girls. Am J Clin Nutr 2003;78:485‑92.

22.	 El‑Hajj Fuleihan G, Nabulsi M, Choucair M, Salamoun M, 
Hajj Shahine C, Kizirian A, et al. Hypovitaminosis D in 
healthy schoolchildren. Pediatrics 2001;107:E53.

23.	 Looker AC, Dawson‑Hughes B, Calvo MS, Gunter EW, 
Sahyoun  NR. Serum 25‑hydroxyvitamin D status of 
adolescents and adults in two seasonal subpopulations 
from NHANES III. Bone 2002;30:771‑7.

24.	 Munns C, Zacharin MR, Rodda CP, Batch JA, Morley R, 
Cranswick NE, et al. Prevention and treatment of infant 
and childhood vitamin D deficiency in Australia and 
New  Zealand: A  consensus statement. Med J Aust 
2006;185:268‑72.

25.	 Rabbani A, Alavian  SM, Motlagh  ME, Ashtiani  MT, 
Ardalan G, Salavati A, et al. Vitamin D insufficiency 
among children and adolescents living in Tehran, Iran. 
J Trop Pediatr 2009;55:189‑91.

26.	 Rockell  JE, Green  TJ, Skeaff  CM, Whiting  SJ, 
Taylor RW, Williams SM, et  al. Season and ethnicity 
are determinants of serum 25‑hydroxyvitamin D 
concentrations in New  Zealand children aged 5‑14 y. 
J Nutr 2005;135:2602‑8.

27.	 Tylavsky FA, Cheng S, Lyytikäinen A, Viljakainen H, 
Lamberg‑Allardt  C. Strategies to improve vitamin D 
status in northern European children: Exploring the 
merits of vitamin D fortification and supplementation. 
J Nutr 2006;136:1130‑4.



Kelishadi, et al.: Magnesium and vitamin D associations

103International Journal of Preventive Medicine, Vol 5, No 1, January, 2014

28.	 Zamora  SA, Rizzoli  R, Belli  DC, Slosman  DO, 
Bonjour  JP. Vitamin D supplementation during 
infancy is associated with higher bone mineral 
mass in prepubertal girls. J  Clin Endocrinol Metab 
1999;84:4541‑4.

29.	 Ardawi  MS, Sibiany AM, Bakhsh  TM, Qari  MH, 
Maimani AA. High prevalence of vitamin D deficiency 
among healthy Saudi Arabian men: Relationship to 
bone mineral density, parathyroid hormone, bone 
turnover markers, and lifestyle factors. Osteoporos Int 
2012;23:675‑86.

30.	 Schnabel C, Jett K, Friedman JM, Frieling I, Kruse HP, 
Mautner V. Effect of vitamin D3 treatment on bone 
density in neurofibromatosis 1 patients: A retrospective 
clinical study. Joint Bone Spine 2013;80:315‑9.

31.	 Polidoro  L, Properzi  G, Marampon  F, Gravina  GL, 
Festuccia C, Di Cesare E, et al. Vitamin D protects human 
endothelial cells from H2O2 oxidant injury through the 

Mek/Erk‑Sirt1 axis activation. J Cardiovasc Transl Res 
2013;6:221‑31.

32.	 Kelishadi  R, Saleka  S, Saleka  M, Hashemipoura  M, 
Movahedian M. Effects of vitamin D supplementation 
on insulin resistance and cardiometabolic risk factors 
in children with metabolic syndrome: A  triple‑masked 
controlled trial. J Pediatr (Rio J) 2013; [Epub ahead of print].

33.	 Zofková I, Kancheva  RL. The relationship between 
magnesium and calciotropic hormones. Magnes Res 
1995;8:77‑84.

34.	 Sahota O, Mundey MK, San P, Godber IM, Hosking DJ. 
Vitamin D insufficiency and the blunted PTH response 
in established osteoporosis: The role of magnesium 
deficiency. Osteoporos Int 2006;17:1013‑21.

Source of Support: This study was conducted as a thesis 
funded by Isfahan University of Medical Sciences, Isfahan, Iran, 
Conflict of Interest: None declared.


