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Is Magnesium Required for Optimal Level of Serum Vitamin
D? A Hospital-based Study
SK Rai¹, Barun K Chakrabarty², Mukul Bajpai³, Vimal Upreti⁴

A b s t r ac t
Objective: Magnesium (Mg) plays a crucial role in vitamin D synthesis and metabolism. In magnesium-dependent vitamin-D-resistant rickets
supplementation of this micronutrient changed the resistance to vitamin D treatment significantly. This study aims to evaluate the correlation
between serum Mg and vitamin D total levels in an otherwise healthy individual. We hypothesized that in hypovitaminosis D, there is also a
Hypomagnesaemia as well.
Materials and methods: The study population comprises of 252 young patients, aged between 18 years and 45 years, consisting of individuals
with and without hypovitaminosis D. The correlation between measured serum 25 hydroxyvitamin D total (25(OH) D) magnesium and calcium
level concentrations were studied.
Results: The mean age of the studied population was 31.5 ± 2.32 years, and studied groups, i.e. those with hypovitaminosis D and those without
it were age matched. The mean 25 OH Vitamin D Total, Ca, and Mg level in the total study population was 20.32 ± 6.84 ng/mL, 9.6 ± 0.52 mg/dL,
2.24 ± 0.22 mg/dL, respectively. The mean serum 25(OH) D level was 23.62±2.12 in vitamin D insufficient group; however, it was 14.84 ± 2.74
in vitamin D deficient cases. The mean serum Mg level was 2.27±0.18 mg/dL in the vitamin D insufficient group, and it was 2.23 ± 0.25 in the
vitamin D deficient group.
Conclusion: In our study, we have demonstrated that there is no statistically significant associations exist between measured serum Mg and
25(OH) total vitamin D levels. Level of vitamin D and serum Mg is independent of each other and taking vit D alone is sufficient enough to combat
hypovitaminosis D. However, further large longitudinal studies are desirable to evaluate the causal mechanisms and the clinical connotation
of the current findings.
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Introduction

1

We all know and it is well documented also that vitamin D is a
group of lipid or fat-soluble secosteroid vitamin, and it is essential
for various crucial cell functions and metabolism. It is associated
with bone mineralization by maintaining serum calcium and
phosphorus concentrations at required levels. It has an important
role in cellular differentiation and replication in many organs,
and glucose homeostasis as well. Many studies showed that an
adequate intake of this vitamin could prevent the potential risk of
development of skeletal and non-skeletal disorders such as atopic
conditions, few types of neoplasm, autoimmunity, chronic hepatitis
C and cardiometabolic diseases.1-5 It is now proven beyond doubt
that the blood levels of vitamin D during childhood can prevent
many diseases which are just mentioned in adulthood.6,7
Vitamin D is synthesized de novo in the skin dependent on
sun exposure which is the major natural source; however, it is welldocumented from many studies that the vitamin D deficiency is
prevalent worldwide even in sunny countries like India.
Vitamin D plays a significant role in calcium and phosphate
homeostasis and metabolism. It is also an important micronutrient
for bone health.8 After the discovery of the universal presence
of vitamin D receptors and enzyme in most organs of the body,
studies have been provided wider insight about the pleiotropic
non-skeletal roles for this steroid hormone. The widespread
occurrence of vitamin D deficiency,9 even in the countries where
there is abundant of sunlight, along with several perceived vitamin
D supplementation benefits and improved accessibility of vitamin
D assessment amenities has propelled the demand of screening for
the vitamin D status.10

Many factors like lack of adequate sun exposure, low dietary
intake, physical activity, air pollution, and the season can be an
important factor for hypovitaminosis D. However, the effects of
some more essential elements like magnesium shall be taken into
account in this regard as many authors reported.11-15
Hypomagnesemia is possibly the most undervalued and
underdiagnosed electrolyte abnormalities in current medical
practice, and its role in Vit D hemostasis is yet to be understood.
Magnesium (Mg) is the second most available intracellular cation
after potassium and exert a key role in mineralization of bone. It is
also vital for the synthesis and metabolism of vitamin D as well.16,17
Studies have observed that insufficient vitamin D status is still
prevalent in the US despite food fortification program and use
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of dietary supplementation, and a significant proportion of the
interpersonal variation in serum 25-hydroxyvitamin D (25(OH)D)
levels is unexplained.18
In contrary to calcium, magnesium is an “unheard and orphan
nutrient” that has been noticeably understudied as it does not
invite any direct impact. Low dietary intake and deficiency of
magnesium have been associated with atherosclerotic vascular
disease, migraine headache, bronchial asthma, type 2 diabetes,
osteoporosis, metabolic syndrome, hypertension, sudden cardiac
death, and colon cancer. A study done by Robert Whang et al. in
2005–200619 based on surveys conducted showed that the dietary
intake of magnesium of 48% of the United States population was
less than the recommended amount and the statistical figure was
down from 56% from earlier surveys in 2001–2002. He also noted
that amongst the adults and elderly population of the United States
there is a tendency of raising calcium-to-magnesium food-intake
ratios, excluding supplemental intakes, which indulge calcium
over magnesium.
The aim of the present study is to assess the relationship
between evaluated serum Mg and 25 OH vitamin D total levels, as
hypovitaminosis D is prevalent in our country.

M at e r ia l s

and methods

Total 252 young, otherwise healthy patients, aged between 18 years
and 45 years who attended orthopedics OPD of a tertiary care
hospital in Guwahati, Assam, India between Aug 2017 and Dec
2017 were included in the study. The study has been cleared by the
Institutional Ethical Committee of the hospital and informed consent
was taken from the participants.

Inclusion Criteria
•
•
•
•
•

Age 18–45 years
Individuals not taking any vitamin D and calcium supplements
Individuals not taking any multivitamins calcium supplements
Individuals do not have any lifestyle modifying disease like
obesity, diabetes, hypertension or any endocrinological disorder
Individuals who were a nonsmoker and not habitual drinkers

Exclusion Criteria
•
•
•
•

Individuals taking vitamin D and calcium supplements
Individuals taking any Multivitamins calcium supplements
Persons with a history of recent fracture
Individuals who were presented with a history of taking
medication for hypertension, NIDDM, endocrinological disorder,
chronic hepatic disorder, chronic renal disease, chronic heart
failure, etc.
After an explanation of the study objectives and protocols
to each patient, written informed consent and oral assent were
obtained. The study population was randomly selected from
individuals attending orthopedics outpatient department (OPD).
Morning fasting serum samples were collected in the plastic
tube with separation gel and processed within a maximum of 08
hours after placing it at 18–25°C. 25(OH) vitamin D total serum
concentration was evaluated by an enzyme immunoassay method
with a final fluorescent detection technique (ELFA technique) in a
fully automated quantitative immune analyzer VIDAS instrument.
The VIDAS 25 OH vitamin D Total measurement range extends from
8.1 ng/mL up to 126.0 ng/mL. Values below the lower limit of the
measurement range were reported as <8.1 ng/mL. Values above
the upper measurement range were reported as >126.0 ng/mL.
The inter-assay coefficient of variation of the test was 20%. 25(OH)

vitamin D total level of below 20 ng/mL was considered as vitamin
D deficiency, levels of 20 to 29 ng/mL were labeled as vitamin D
insufficiency and level > 29 was considered as vitamin D sufficient
cases. Quantitative determination of magnesium in human
serum was done by using modified methylthymol blue (MTB)
complexometric method on the fully automated biochemistry
analyzer Dimension® in vitro diagnostic clinical chemistry system.
The analytical measurement range of the parameter was 0.0–20.0
mg/dL. Serum Mg level reference range was considered 1.8–2.4
mg/dl as per kit literature. Proper quality control and calibration
measures were ensured.
Data were analyzed by SPSS statistical software (version
20.0; SPSS Inc., Chicago, IL, USA). A p value <0.05 was considered
significant for the analyzed parameters. The relationship between
serum magnesium and vitamin D levels was assessed through linear
regression analysis purposing Mg as an independent variable and
25(OH) vitamin D Total as a dependent variable. Mean Mg serum
level in deficient and normal group was compared by t-test analysis.

R e s u lts
The study population consisted of 252 patients comprising three
groups vitamin D deficient, vitamin D insufficient, and vitamin D
sufficient population.
The mean age of study population was 31.5 ± 2.32 years and
the study groups, i.e., those with hypovitaminosis D and those
without it were age-matched (30.17 ± 2.32 vs. 28.23 ± 2.66 years,
respectively, p >0.05). Baseline descriptive features of the study
participants are displayed in Table 1. The parameter level in different
subgroups is shown in Table 2.
The mean value of 25 OH vitamin D total, calcium, and
magnesium level in the total study population were 20.32 ± 6.84
ng/mL, 9.6 ± 0.52 mg/dL, 2.24 ± 0.22 mg/dL, respectively as shown
in Table 3. . According to t-test analysis, the mean serum magnesium
level was 2.24 ± 0.22 mg/dL in the studied group comprising vitamin
D deficient and insufficient cases which were not statistically
significantly different from mean Mg level (2.22 ± 0.18 mg/dL) in
vitamin D sufficient cases (p = 0.63). The t-test analysis also showed
that the difference in mean serum Ca level amongst the two above
mentioned group was not statistically significant (p = 0.4). The linear
Table 1: Baseline biochemistry of study populations
Parameters

Normal group

Deficient group

Age

28.23 ± 2.66

30.17 ± 2.32

BMI

19.58 ± 4.56

19.64 ± 5.41

Systolic BP

101.29 ± 12.58

102.78 ± 13.25

Diastolic BP

62.99 ± 9.52

71.37 ± 9.87

Total cholesterol

139.19 ± 36.44

149.89 ± 30.97

LDL-cholesterol

73.29 ± 23.82

79.81 ± 34.78

HDL-cholesterol

39.71 ± 18.49

49.34 ± 11.34

AST

22.51 ± 9.78

24.49 ± 10.54

ALT

17.21 ± 19.10

19.45 ± 8.37

Fasting blood sugar

83.98 ± 15.34

91.34 ± 14.41

Postprandial sugar

111.29 ± 23.58

116.78 ± 13.22

TG

94.46 ± 41. 88

94.21± 41.33

Uric acid

5.23 ± 2.19

4.17 ± 2.42

Hemoglobin

9.31 ± 3.22

9.54 ± 3.78
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Table 2 :Descriptive Statistics of Groups

Table 3: Descriptive statistics of study population

Vit D
(ng/mL)
Mean±SD

Mg
(mg/dL)
Mean±SD

Ca
(mg/dL)
Mean±SD

n = 252

Vit D
Mean ± SD

Mg
Mean ± SD

Ca
Mean ± SD

Mean

20.32 ± 6.84

2.24 ± 0.22

9.6±0.52

Vit D deficient
cases (vit D <20)
(N =130)

14.84 ± 2.74

2.23 ± 0.25

9.56 ± 0.55

Range

(9.7–38.1) 28.4

(1.9-3) 1.1

(8.3–10.8) 2.5

Vit D insufficient
cases (vit D 20–29)
(N = 88)

23.62 ± 2.12

2.27 ± 0.18

9.65 ± 0.45

Vit D sufficient
cases (Vit D > 29)
(N = 34)

32.7 ± 3.05

2.22 ± 0.18

9.67 ± 0.56

Study groups

To the best of our knowledge, this study is the first of its kind in
northeastern India which examined the association of serum 25(OH)
vitamin D total levels with serum Mg in a nationally-representative
economically productive sample of the young individual
population. Recent studies revealed that deficiency of vitamin D
is vastly prevalent in Indian population being young, children and
adolescents and shall be considered an unrecognized emerging
pandemic public health problem in many parts of the world.20-22
Vitamin D is a group of secosteroids prohormone and lipid-soluble
in chemical nature. Vitamin D deficiency is important because it is
being utilized in many tissues due to key roles, especially in bone
metabolism.
Studies revealed the skeletal and extraskeletal health effects
of this vitamin. 23 Recent studies have recognized associations
between vitamin D insufficiency/deficiency and an increased risk
of various nonosseous morbidities like cardiovascular diseases,
diabetes, autoimmune diseases, allergies, asthma as well as various
malignancies. 24,25 Vitamin D testing has, therefore, become an
important assay of general health evaluation status. Vitamin
D is found in two major natural forms known as vitamin D2

(ergocalciferol) and vitamin D3 (cholecalciferol). Collectively they
are known as calciferol. Endogenously Vitamin D3 is produced from
7-dehydrocholesterol on the skin by the effect of solar ultraviolet
radiation. It is also present in various foods (eg. fatty fish). Vitamin
D2 is available from exogenous source only. Negligible amounts
of vitamin D2 are found in food like mushrooms, vegetables.
Both vitamins D2 and D3 are therapeutically given as medical
supplementation and are identically metabolized by the body.
Within the human body, 25-(OH) vitamin D is the chief storage
form of vitamin D. It is found in significant concentrations in serum
or plasma, therefore to determine of nutritional status vitamin D,
25-(OH) vitamin D is utilized as the preferred analyte in the clinical
chemistry., In a triple masked clinical controlled trial among 50
obese 10–16 years aged children Kelishadi R et al., showed vitamin
D supplementation was effective in decreasing insulin resistance
and risk factors for cardiometabolic diseases.25
Magnesium, as the second intracellular positive action may effect
on this process. Magnesium homeostasis is retained by the complex
interactions of the gastrointestinal tract, skeletal system, and kidneys.
For vitamin D synthesis magnesium appear as a crucial cofactor and
known to require for feed-forward loop to maintain its homeostasis.
Deng et al.26 noticed the inter-relationship between body Mg and
vitamin D status and showed that intake of Mg supplementation
alone or along with vitamin D may improve in vitamin D status. Later
on, Vojtková et al. found that deficient vitamin D type 1 diabetic
child has lower Mg level in their blood levels.27 They formulate that
this may be the result of the central role in mineral homeostasis,
regulating parathormone secretion and vitamin D action and
activation. Subsequently, Sahota et al. 28 found in diagnosed
osteoporosis patients Mg is a crucial contributing factor along with
vitamin D deficiency and reduced parathormone level. Comparison
of evaluated serum 25 OH vitamin D total, Calcium, and Magnesium
level in all three groups has been shown in Graph 1. Calcium and
Mg serum level comparison in Vit D deficient and sufficient cases
are shown in Graph 2. Contrary to the above findings, our study

Graph 1: Comparison of 25 OH vitamin D total, calcium and
magnisium level

Graph 2: Diagram showing Ca and Mg level comparison in
vit D deficient and sufficient cases

regression analysis exhibited that as one unit increase in Mg level,
25(OH) D level decreases –0.282 and one unit increase in Ca level
raises 25(OH) D level by 0.665, but the relationship is not statistically
significant relationship (p =0.889 and 0.425, respectively).

Discussion
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did not show any statistically significant correlation between
hypovitaminosis D and serum Magnesium level.

S t u dy

l imi tat i o n s a n d s t r e n g t h s

The main limitation of this study was its cross-sectional nature,
therefore the associations of diverse variables should be considered
with caution. The study is small, and further longitudinal large
studies are required to find the underlying mechanisms and
the clinical significance of this association. The ideal method for
analyzing samples for Vitamin D level is liquid chromatography
coupled to mass spectrometry method (LC-MS/MS). We have
utilized most commonly used economical fully automated
immune analyzer. The method has its inherent limitations related
to interference with certain sera containing antibodies directed
against reagent components. Around 40% of total body magnesium
content is intracellular, and 60% of magnesium is present in the
skeletal system, with less than 1% is present in extracellularuids.
Only 0.3% of total body magnesium is found in serum; therefore,
serum magnesium concentration may be a poor predictor of
intracellular magnesium content.
The study strengths are its novelty in the younger economically
productive age group and nationally representative study
population, which would upsurge the importance and utilization
of the study findings.

C o n c lu s i o n
Our study revealed in the studied population there is no statistically
significant association between measured serum 25 OH vitamin
D Total and serum magnesium levels. We further noticed that in
hypovitaminosis D is independent of the serum level of magnesium.
Therefore, we proposed that hypovitaminosis D is not associated
with hypomagnesemia as observed by many author supra.
However, further longitudinal studies are required to find the
fundamental mechanisms and the clinical connotation of this
association.

Clinical

significance

The study got the potential to review the need for medicational cost
and unwanted side effects due to multitherapy with vitamin D and
magnesium based on serum magnesium level as per present clinical
practice. It also highlighted the need to monitor body magnesium
level with better parameter rather than serum magnesium level. Our
study showed that the level of vitamin D and serum magnesium
is not dependent on each other and therefore multitherapy with
magnesium and vitamin D supplementation is not recommended
to combat hypovitaminosis D based on serum magnesium level.
Improved consideration of supplementation with magnesium
might lessen complications related to vitamin D deficiency which
would aid to improve health care services.
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