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Magnesium Deficiency Can Be a Sign
for Predisposition to Diabetes
Magnezyum Eksikliği Diyabet Hastalığına Yatkınlıkla İlişkili Bir İşaret Olabilir
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Abstract

Özet

Magnesium (Mg) is one of the most abundant cation in cells and it
plays crucial roles in several metabolic processes including synthesis
and utilization of ATP. Magnesium-bound ATP activates a number of enzymes which regulate important cellular functions such as
DNA replication, RNA synthesis, glycolysis, membrane transport,
muscle contraction, generation of impulses. From a medical point
of view, a disturbance of magnesium homeostasis is linked to several
diseases including diabetes. Sufficient supply of intracellular Mg is
required for autophosphorylation of the insulin receptor tyrosine
kinase (INSR) and subsequent activation of glucose transporters
in response to insulin. INSR exon 20 polymorphisms are shown to
correlate with diabetes. In this study, we aimed to investigate the possible association between polymorphisms in the autophosphorylation domain of INSR (exon 20) and hypomagnesemia. A total of 27
patients positively diagnosed for diabetes and 18 healthy individuals
(control group) were included in the study. On the average, Mg levels were found to be 13,1% lower in diabetes patients when compared to the control group (control: 2,06 (±0,09) mg/dL, patients: 1,79
(±0,22) mg/dL). Correlation analysis revealed a strong association
between diabetes and reduced Mg levels in blood serum (rpb= -0,6
; P=0,0001). However, we were not able to detect any INSR exon
20 polymorphisms in the samples obtained either from the control
group or patients. Although, the small number of samples used in
this study seems to be a limitation, ethnic variations can also play a
role in INSR gene polymorphisms. In this sense, exon 20 SNPs may
not be common in Turkish population. In summary, although, within normal reference range, reduced levels of Mg (≤ 1,79 mg/dL)
in blood may be an early sign for individuals who may be at risk for
predisposition to diabetes. Thus, a closer control of these individuals
by their physicians may help detecting early signs of diabetes and
take preventative measures to avoid severe complications that may
arise in later years.

Magnezyum (Mg) hücrelerde en bol bulunan katyonlardan olup
ATP sentezi ve kullanımı gibi çeşitli metabolik süreçlerde önemli
roller oynamaktadır. Magnezyum-bağlı ATP, DNA replikasyonu,
RNA sentezi, glikoliz, membran transportu, kas kasılması, impulsların
oluşturulması gibi önemli hücresel fonksiyonları düzenleyen çok
sayıda enzimi aktifleştirmektedir. Tıbbi bakımdan, magnezyum
dengesindeki bozukluklar diyabet de dahil olmak üzere çeşitli
hastalıklarla ilişkilendirilmiştir. İnsuline yanıt olarak, insulin reseptör
tirozin kinazın (INSR) otofosforilasyonu ve glukoz taşıyıcılarının
aktifleşebilmesi için hücre içinde yeterli miktarda magnezyum
bulunması gereklidir. Daha önce literatürde INSR ekson 20
polimorfizmlerinin diyabetle olan korelasyonu gösterilmiştir. Bu
çalışmada, INSR geninin otofosforilasyon domenindeki (ekson
20) polimorfizmlerle hipomagnezemi arasındaki olası ilişkinin
araştırılması amaçlanmıştır. Diyabet tanısı konulan toplam 27 hasta
ve 18 sağlıklı birey (kontrol grubu) çalışmaya dahil edilmiştir. Kontrol
grubuyla karşılaştırıldığında, diyabet hastalarında serumdaki ortalama
Mg değerinin %13,1 oranında daha düşük olduğu saptanmıştır
(kontrol: 2,06 (±0,09) mg/dL, hastalar: 1,79 (±0,22) mg/dL).
Korelasyon analizi sonuçları diyabet ile serumdaki düşük Mg düzeyleri
arasında kuvvetli bir korelasyon bulunduğunu göstermiştir (rpb=-0,6
; P=0,0001). Ancak, gerek hasta gerek kontrol grubundan elde edilen
örneklerde yapılan dizi analizlerinde INSR ekson 20 polimofizmi
saptayamadık. Etnik varyasyonların da INSR gen polimorfizmlerinde
rol oynayabileceği göz önünde bulundurulmalıdır. Örnek sayısı çok
küçük olduğu halde, ekson 20 SNP’lerinin Türk populasyonunda
yaygın olmayabileceği de düşünülebilir. Özet olarak, normal referans
aralığında bulunduğu halde, kandaki düşük Mg düzeyleri (≤ 1,79 mg/
dL) diyabete yatkınlık riski taşıyan bireyler için erken bir işaret olabilir.
Bu nedenle, bu bireylerin hekimler tarafından daha yakından takip
edilmesi diyabetin erken işaretlerinin saptanarak koruyucu önlemlerin
alınmasına ve ileriki yıllarda gelişebilecek bazı ciddi komplikasyonların
önlenmesine yardımcı olabilir.
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INTRODUCTION
Magnesium is the fourth most common element in
the Earth which is an essential element in biological
systems. It is thought to be involved in almost 300 different biological reactions. For example, Magnesiumbound ATP activates a number of enzymes which regulate important cellular functions such as DNA replication, RNA synthesis, glycolysis, membrane transport,
muscle contraction, generation of impulses. Due to its’
versatile biological functions Mg compounds are also
widely used in pharmaceutical industry for production
of laxatives, antacids, spasm stabilizers, stimulants of the
nervous system etc. An alteration of magnesium levels
in blood is linked to several medical conditions including Alzheimer’s disease, hypertension, atherosclerosis,
diabetes and cardiovascular diseases (1). Intracellular
Mg is critical for autophosphorylation of tyrosin kinase
receptors and therefore, insulin receptor tyrosine kinase
(INSR) requires Mg for activation of glucose transporters in response to insulin. In this sense, magnesium deficiency may result in disorders of glucose utilization (2).
For example, greater amount of insulin is required to
metabolize the same amount of glucose if Mg2+ blood
levels are reduced. This situation increases the demand

for insulin and may result in insulin resistance (3). Indeed, hypomagnesemia is shown to correlate with Type
2 Diabetes mellitus (4).
Magnesium is also shown to play regulatory roles in
regulation of cardiovascular system. Mg can exert antiarrhythmic effects and may affect blood pressure levels
through modulation of vascular tone (1, 5). Magnesium
is required for activation of adenosine triphosphatases
(ATPases) which are the primary energy sources for
driving Na+–K+ pumps. Action potentials generated
in myocardial cells are mediated by voltage-dependent
Na+, K+, and Ca2+ channels. Magnesium can regulate
the movement of these ions through the channels and
alterations in the function of these channels can lead
to cardiac dysrhythmias (6). Magnesium deficiency is
often linked with hypokalemia, where hypomagnesemia can trigger increased levels of potassium secretion.
Hypokalemia is one of the most commonly seen electrolyte abnormalities in clinical cases (7). Therefore,
disturbances in magnesium bioavailability can also adversely affect cardiovascular functions (8). Association
between Mg levels and its’ effect on glucose metabolism
or cardiovascular functions has been summarized in
Figure 1 as a schematic representation.

Figure 1. Schematic representation of association between Mg and physiological functions.
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INSR gene
The insulin receptor is a transmembrane protein with
an intracellular tyrosine kinase domain. (9). Insulin
binding to the α-subunits of the receptor causes a conformational change which triggers autophosphorylation and activation of kinase activity (10). A single gene
codes for both the alpha and beta subunits that fold into
an active heterotetramer (11). The INSR gene has 22 exons and it is located on chromosome 19 (11). Optimal
levels of intracellular Mg is thought to be required for
autophosphorylation of the insulin receptor tyrosine kinase (INSR) and subsequent activation of glucose transporters in response to insulin. A number of single nucleotide polymorphisms (SNPs) in exon 20 of INSR gene
has been reported in different ethnical groups and these
polymorphisms have been linked to diabetes (12-18).
However, association between polymorphisms in the
autophasphorylation domain of INSR (exon 20) and hypomagnesemia has not been investigated. In this study
we aimed to investigate the possible association between
INSR exon 20 polymorphisms and blood magnesium
levels.
MATERIAL and METHODS
Ethics approval and study group
This study was performed in accordance with guidelines
of the Ethics Committee of “Zeynep Kamil Kadın ve
Çocuk Hastalıkları Eğitim ve Araştırma Hastanesi Klinik
Araştırmalar Etik Kurulu” (Approval No: 20.03.2015/
040). A total of 45 individuals (27 patients positively
diagnosed for diabetes and 18 healthy individuals; control group) were included in the study. Study group was
selected among the Tip 2 diabetes mellitus patients presented to Istanbul Yeni Yüzyıl University Gaziosmanpaşa
Hospital internal medicine service. Patients with fasting
blood glucose levels above 125 mg/dL and HB1Ac values
above 6,5% were included in the study. Control group
consisted of healthy individuals with no suspected symptoms of diabetes mellitus and whose fasting blood glucose levels were below 100 mg/dL.

Magnesium levels in serum were determined by Istanbul
Yeni Yüzyıl University Gaziosmanpaşa Hospital clinical
biochemistry laboratory via standard laboratory protocols.
Genomic DNA isolation from blood samples
A commercially available kit (Hibrigen, DNA isolation Kit
from Blood) was used for DNA isolation. The protocol was
as follows: 400µl of whole blood was transferred into a 1,5
ml centrifuge tube. 800µl of lysis buffer was added onto
the sample, vortexed and incubated for 2 minutes at room
temperature. Then, tubes were centrifuges at 7.500 rpm for
3 minutes. Pellet was resuspended in 200µl of denaturation
buffer and vortexed. 20 µl Proteinase-K and 220µl of binding
buffer was added on the mixture and incubated at 65 °C for
20 minutes. Next, 220 µl of ethanol (pure) was added on the
samples, vortexed and incubated for 2 minutes. The mixture
was transferred into filtered tubes and centrifuged at 12000
rpm for 2 minutes. The filtrate was discarded and the samples
were washed with 500 µl of wash solution. Following an additional centrifugation at 12000rpm for 2 minutes filters were
transferred into clean tubes and the filters were eluted with 50
µl of elution buffer. The quality and quantity of the samples
were determined by spectrophotometrical analysis.
PCR conditions
Reactions were carried out in 0,5 ml tubes containing 100
ng of DNA, 1 µM forward primer, 1 µM reverse primer
(sequences are provided below), 12,5 µl of master mix
and 9,5 µl nuclease free water (a total volume of 25 µl).
PCR conditions for the thermal cycler were as follows:
94°C

4 min

denaturation

94°C

45 sec

30 cycles

59°C

40 sec

30 cycles

72°C

20 sec

30 cycles

72°C

5 min

final extension

Primers:
forward: 5’-GTG TTG TCA GAC TTT GGA AT-3’
reverse: 5’-CAC AAC TCA CCA CAT GTC AG-3’

Sample collection
A total of 10 ml venous blood was collected into 2 different 5 ml tubes containing EDTA for DNA isolation and
NO determination via Griess assay. For Mg determination in serum, 5 ml of sample was collected into SST gel
tubes.
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Electrophoretic analysis of PCR products
The PCR products were resolved in 1% agarose. 5 µl of
each sample was loaded on the gel and the samples were
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run at 100V for 30 minutes. The bands were visualized
with a transilluminator.
Sequencing and analysis of sequence data
PCR products were directly subjected to sequencing.
Bidirectional sequencing was performed with the same
forward and reverse primers that were used for PCR.
Sequencing was performed commercially by Macrogen®
and sequencing data was retrieved in “abi. file formatte”.
Chromas software was used to analyze the chromatograms and to convert the data into FASTA sequence
format. Then the sequence data was aligned against wild
type human INSR exon 20 sequence using NCBI BLAST
software.
Statistical analysis
Correlation analysis between the Mg levels and diabetes
was assessed by point biserial analysis method. Statistical calculations were performed using an online statistical analysis tool “VassarStats” developed by Richard
Lowry, Vassar College, NY USA: (http://vassarstats.
net) (https://www.socscistatistics.com/tests/biserial/
default.aspx).

RESULTS
In this study, we aimed to investigate whether there could
be a correlation between Type 2 diabetes and the levels of
Mg in serum samples.
Mg levels between the diabetes patients and the control group
In an effort to confirm the association between Mg levels
and diabetes we compared the serum Mg levels obtained
from the control group and diabetes patients (Table 1).
According to FDA blood serum chemistry report 1,8
– 3,6 mg/dL of Mg concentration in serum is considered to be in the normal range (https://www.fda.gov:
UCM135835). As seen in Table 1 majority of the values
were found to be within the range of normal reference
values. However, on the average Mg levels of the diabetes patients were within the lower limit of the reference
and the mean Mg levels were 13,1% lower in Diabetes
patients (control: 2,06 (±0,09) mg/dL , patients: 1,79
(±0,22) mg/dL) when compared to the control group
(Figure 2). In agreement with the previous reports, point
biserial analysis of the Mg values obtained from patients
and the control group showed a strong correlation (rpb=
-0,6 ; P=0,0001, two tailed) between diabetes and decreased Mg levels in serum.

Table 1. Distribution of magnesium levels in serum among the control group and the patients. Measurements
were performed as explained under Material and Methods section.
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Analysis of INSR exon 20 PCR products
A number of polymorphisms in exon 20 of INSR gene
has been previously reported by different groups and
INSR exon 20 polymorphisms were linked to diabetes
(12-18). In order to investigate the possible association
between INSR exon 20 polymorphisms and blood magnesium levels we amplified the exon 20 of INSR gene by
PCR as explained under Material and Methods section.
Electrophoretic analysis of the samples confirmed that
the PCR conditions worked optimally as 150bp exon 20
fragment was obtained as a single band. Representative
gel images are provided in Figure 3.a.
The quality of the peaks in the chromatograms was adequate to perform alignment analysis (Figure 3b). We
converted the data into FASTA sequence format using
Chromas software. Then the sequence data was compared to the wild type human INSR exon 20 sequence
using NCBI BLAST software. We did not detect any
polymorphisms in the exon 20 of INSR gene in the samples obtained either from the control group or patients.

Figure 2. a) Comparison of mean Mg levels in serum
samples between the control group and the patients,
b) point biserail correlation analysis for evaluating
the correlation between serum magnesium levels and
diabetes.

Figure 3. Analysis of PCR products. a). A representative image from electrophoretic analysis of PCR products.
The arrow points to an approximately 150bp band as estimated from the DNA ladder, b) representative
chromatogram showing the quality of the sequencing.
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DISCUSSION
Magnesium is one of the most abundant cation in cells
and it plays crucial roles in several metabolic processes
including synthesis and utilization of ATP. Magnesiumbound ATP activates a number of enzymes which regulate important cellular functions such as DNA replication, RNA synthesis, glycolysis, membrane transport,
muscle contraction, generation of impulses. A disturbance of magnesium homeostasis is linked to Alzheimer’s disease, hypertension, atherosclerosis, diabetes and
cardiovascular diseases.
Abnormal changes in magnesium levels in blood is
linked to several medical conditions(1). Essentially, intracellular Mg level is critical for proper function of tyrosin kinase receptors. In this sense, insulin receptor tyrosine kinase (INSR) requires Mg for activation of glucose
transporters in response to insulin. Thus, magnesium
deficiency is linked to disorders of glucose utilization.
(2). For example, greater amount of insulin is required
to metabolize the same amount of glucose when blood
Mg2+ levels are low. This results in an increased demand
for insulin which may in turn trigger insulin resistance
(3). Indeed, hypomagnesemia is shown to correlate with
Type 2 Diabetes mellitus (4).
Findings indicate that low Mg intake and an increased
Mg urinary loss may favor Mg depletion in patients with
type 2 diabetes (19). Therefore, monitoring the blood Mg
levels is critical both for diabetes patients and healthy individuals.
In a recent study performed in North India, 44% of the
diabetes mellitus patients were found to show signs
of hypomagnesemia. Post-Prandial blood sugar and
HbA1C levels were shown to be poorly controlled in
these patients. Suggesting that magnesium deficiency is
associated with increased risk of glycemic control (20).
Accordingly, our findings revealed that mean Mg levels
were 13.1% lower in diabetes patients when compared to
the control group (control: 2,06 mg/dL and patients: 1,79
mg/dL). More importantly, correlation analysis revealed
a strong association between diabetes and reduced Mg
levels in blood serum (r= -0,59911; P=0,00001). In
agreement with our observations, there have been a
number of reports on the relation between low Mg levels
and diabetes as reviewed by Mario Barbagallo and Ligia
J Dominguez (2015) (19).
Sufficient supply of intracellular Mg is required for autophosphorylation of the insulin receptor tyrosine kinase

(INSR) and subsequent activation of glucose transporters in response to insulin. In line with this hypothesis, a
number of single nucleotide polymorphisms (SNPs) in
exon 20 of INSR gene has been reported in different ethnical groups. Almost, all of these SNPS were linked to
diabetes (12-18). However, we could not find data on the
INSR exon 20 SNPs in Turkish populations. Therefore,
we sought to investigate the whether there could be an
association between Mg levels and INSR exon 20 SNPS.
We could not detect any INSR exon 20 polymorphisms
in the samples obtained either from the control group or
patients. The relatively small number of samples used
in this study is a major limitation. However, reports also
suggest that ethnic variations can play a role in gene
polymorphisms. In this sense, INSR exon 20 SNPs which
had not been previously tested in Turkish population,
may not be common in Turkish population. Indeed Tao
Huang et al. (2015) has drawn attention to genetic differences observed among different ethnic groups (21)
Currently, we are trying to increase our sample size for a
better evaluation of statistical tests and to cover a wider
section of the population. In summary, we report that,
reduced levels of Mg (≤ 1,79 mg/dL) in blood may be
an early sign for individuals who may be at risk for predisposition to diabetes. Thus, a closer control of these
individuals by their physicians may help detecting early
signs of diabetes and take preventative measures (such as
increased dietary Mg supply, periodic tests for blood glucose levels etc.) to avoid severe complications that may
arise in later years. In agreement with this notion, low
dietary Mg intake has been related to the development of
type 2 diabetes and metabolic syndrome (19).
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