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ABSTRACT:
KEYWORDS: S C . . . . . .
Introduction: : Magnesium, Insulin, urinary ACR, eGFR, play various roles in the pathophysiology of type 2
Magnesium diabetes mellitus and nephropathy. This study aimed at determining whether serum magnesium, insulin,
Insulin, Type urinary ACR and eGFR are significantly altered during normo albuminuria of type 2 diabetes patients that
2 Di b’t subsequently develop micro and macro albuminuria and whether such changes are useful in predicting the
M lllét cles d disease early.
ellitus an
Nephropathy Objectives: To estimate serum magnesium and corelate with clinical markers of nephropathy in patients with

type 2 diabetes mellitus. Additionally, the serum magnesium can serve has a early diagnostic and prognostic
marker for nephropathy.

Methods: This was a cross sectional study which compared biochemical, clinical parameters in 40 type 2
diabetes mellitus with normo albuminuria, 40 type 2 diabetes mellitus with micro albuminuria, 40 type 2
diabetes mellitus with macro albuminuria and 40 age, gender and BMI matched healthy controls. Blood sugars,
glycated haemoglobin, renal function tests, serum insulin, magnesium, eGFR and urinary ACR were analysed.

Results: There were significant differences in serum magnesium, insulin, urinary ACR, and eGFR among
different stages of type 2 diabetes mellitus patients when compared to controls. Additionally, the serum
magnesium negatively correlated with BMI, blood sugars, glycated haemoglobin, urea, creatinine, insulin,
urinary ACR and positively correlated with eGFR (P=0.001**). Furthermore, the receiver operating
characteristic curve analysis area uncer the curve for serum magnesium, urinary ACR and eGFR were; 0.989,
0.573 and 0.565 respectively. Decreased serum magnesium (specificity: 100; sensitivity; 95; CI=0.935 to
1.000; p=0.0001) were associated with T2DM and nephropathy.

Conclusions: Hypomagnesemia precede type 2 diabetes mellitus and can serve as early predictive and
prognostic indices for type 2 diabetic nephropathy.

1. Introduction linked to poor control of glucose levels and decreased

Type 2 diabetes mellitus (T2DM) is a metabolic disease antioxidants (4-5).

due to hyperglycemia and this is increasing in worldwide
particularly in developing nations (1). The prevalence of
T2DM in worldwide around 463 million people effected
in 2029 and it will enhance up to 700 million by the year
2030 (2). The genetic history, food habits, metabolic and
environmental factors contribute to enhances the blood
sugars results hyperglycemia (3). The diabetic
nephropathy (DN) is a clinical condition in patients with
T2DM. The first clinical indicator of DN is
microalbuminuria. The microalbuminuria might be
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Magnesium is an essential mineral required for many
biological activities like activation of enzymes, anti-
oxidant and anti-inflammatory properties (6-7). The
tyrosine kinase is phosphorylated enzyme involved in
activation of insulin by phosphorylation; this reaction
takes place with the presence of magnesium (8).
Magnesium works as an antioxidant in the mitochondria.
As an antioxidant, it helps prevent against damage
caused by reactive oxygen bodies phosphate and may
lower the incidence of renal disorders (9). It helps to
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reduce inflammation by suppressing inflammatory
signalling pathways and reduce the generation of pro-
inflammatory cytokines. Additionally, it involves
enhances in endothelial function, tubular integrity, and
renal function (10).

The recent studies reported decreased serum magnesium
leads to impaired insulin secretion and activation results
impaired cell uptake of glucose leads to hyperglycemia
and T2DM. Along with that some of the studies reported
that there was a significant relation between magnesium
and elevated levels of microalbumin in patients with
T2DM (11-13). The impact of magnesium insufficiency
in diabetic patients on preventing renal problems remains
unclear despite a plethora of research in this area. In
order to evaluate the relationship between serum
magnesium levels and microalbuminuria in type 2
diabetes mellitus patients.

2. Objectives

To estimate serum magnesium and corelate with clinical
markers of nephropathy in patients with type 2 diabetes
mellitus. Additionally, the serum magnesium can serve
has a early diagnostic and prognostic marker for
nephropathy.

3. Methods

This cross sectional analytical study conducted in
department of biochemistry collaborated with general
medicine at Raichur Institute of Medical Sciences,
Raichur, Karnataka. In this study we recruited 160
participants; among these 120 were T2DM patients and
40 age and gender matched healthy controls considered
as Group 1. The T2DM subjects were further sub
grouped based on their microalbumin levels shown in
figure 1 & Table 1.This cross sectional analytical study
conducted after obtained approval from Institutional
Ethics Committee and the study participants were
recruited after taken informed concern forms.

Sample collection

Five (5) millilitres of overnight fasting sample collected
from all the participants, | mL transferred to fluoride
tube, 1 mL transferred to ethylene diamine tetra acetic
acid and remaining 3 mL transferred to serum separation
tube. The plasma and serum separated by centrifugation
process. Along with blood sample spot fasting urine
sample also collected and separated by centrifugation.

1486

All the separated samples were transferred into properly
labelled aliquots until analysis was done.

The anthropometric and demographic data was collected
from all the participants. The fasting blood sugar (FBS),
serum urea, serum creatinine, was measured by
laboratory standard methods. The glycated haemoglobin
(HbAlc) was measured by high performance liquid
chromatography, serum magnesium was analysed by
calmigite indicator method. The microalbumin
determined by immunoturbidimetry method. The serum
insulin  was determined by enzyme linked
immunosorbent assay. The estimated glomerular
filtration (eGFR) was calculated by modification of diet
in renal diseases formula.

Statistical analysis

The data distribution was done by Kolmogorov smrinov
(KS) test. The comparison between the groups done by
analysis of variance, the correlation between the
variables was done by pearson’s correlation analysis.
The receivers operating characteristic curve analysis is
used to assess the diagnostic accuracy, sensitive and
specificity of magnesium, eGFR and microalbumin
between the T2DM patients with Normoalbuminuria and
healthy controls. The statistical analysis done by using
statistical package for the social sciences (SPSS) version
20.0.

4. Results

The base line characteristics of variables of the study
participants shown in table 2. The age shown
significance between the controls and T2DM patients
(P=0.001**). The T2DM patients has significant
increased BMI, FBS, HbAlc, serum urea, serum
creatinine when compared to controls (P=0.001*%*). The
serum insulin and urinary ACR significantly increased in
T2DM patients when compared to controls (P=0.001**).
The T2DM patients shown significantly decreased eGFR
and serum magnesium when compared to controls
(P=0.001%*).

The comparison of variables between of the study
subjects shown in table 3. The age shown significance
between the study subjects (P=0.001**). There was a
significant and drastically enhanced BMI, FBS, HbAlc,
serum urea, serum creatinine levels in T2DM patients
with normo, micro and macro albuminuria patients when
compared to controls (P=0.001**). The T2DM patients
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with macro albuminuria shown significant highest levels
of serum insulin and urinary ACR when compared to
T2DM patients with micro, normoalbuminuria and
controls (P=0.001**). There was a significantly
decreased eGFR and serum magnesium in T2DM
patients with normo, micro and macro albuminuria
patients when compared to controls (P=0.001*%).

The table 4 illustrates correlation of serum magnesium
with biochemical and clinical parameters of the study.
There was a significant negative correlation between
serum magnesium and BMI, FBS, HbAlc, urea,
creatinine, insulin (P=0.001*%*). Additionally, the serum
magnesium  positively  correlated with  eGFR
(P=0.001%**).

The table 5 illustrates that the receivers operating
characteristics between urinary ACR, eGFR and serum
magnesium in T2DM patients with normoalbuminuria
and controls. The ROC curve analysis revealed the serum
magnesium shown very high significant at AUC but the
sensitivity 95 % and specificity 100 % (P=0.001**). The
urinary ACR and eGFR not shown any significant at
AUC the sensitivity (32 & 95 %) and specificity (47 &
70 %) (P=0.262 & 0.315).

The figure 2 shows the eGFR significantly reduced
T2DM patients with macro, micro albuminuria when
compared to T2DM with normoalbuminuria and
controls. The urinary ACR drastically elevated in T2DM
patients with normo, micro and macroalbuminuria when
compared to controls. The serum magnesium was
significantly decreased in T2DM with normo, micro and
macroalbuminuria when compared to controls.

The figure 3 shows the scatter plots between serum
magnesium and FBS, HbAlc, Insulin, urinary ACR and
eGFR. The scatter plots shown that the serum
magnesium negatively correlated with FBS, HbAlc,
urinary ACR, insulin and positively correlated with
eGFR.

5. Discussion

Nephropathy is a severe clinical condition in T2DM
patients. Globally, Around 30 to 40 % of T2DM patients
will affect with nephropathy (16). The microalbumin is a
gold standard marker for diagnosis of nephropathy. The
advanced studies reported that the microalbumin has lot
of flows such as many T2DM patients with
microalbumin revert back to Normoalbuminuria, the
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T2DM patients with Normoalbuminuria shown
advanced renal pathology and also it will elevated in
other diseases (17-19). There is a need for sensitive,
specific and early detection of T2DM and nephropathy.

Magnesium (Mg) is the fourth most prevalent mineral
and the most abundant intracellular cation in the human
body (20). It has several vital functions, such as protein
synthesis, antioxidant and utilized to prevent and cure a
wide range of illnesses (21). The phosphorylated insulin
will activates the glucose transporters results glucose
uptake into the cells. The phosphorylation of insulin
required magnesium, in the insulin receptors. There is a
significant relationship is there between magnesium and
insulin resistance and T2DM (22-23).

The recent studies also reported hypomagnesemia and
these levels was negatively correlated with
hyperglycemia in patients with T2DM then controls (24-
26). Similarly, the present study observed significant and
drastically decreased levels of serum magnesium in
T2DM patients with normo, micro and macro
albuminuria when compared to controls (P=0.001%*%*)
(Table 3). Along with that we also observed
hypomagnesemia positively correlated with urinary
ACR and negatively correlated with eGFR (P=0.001%%*)
(Table 4).

Additionally, in our study the ROC curve analysis
revealed that the serum magnesium has highest
significant at AUC (p=0.0001**), the specificity (100)
and sensitivity (95) then the urinary ACR and eGFR
specificity (95 & 70) and sensitivity (32 & 47) (P=0.262
& 0.315). Based on the study findings the serum
magnesium significantly decreased and positively
correlated with hyperglycemia, urinary ACR and
negatively correlated with eGFR in T2DM patients. The
significant reduced levels of serum magnesium has direct
relation in pathophysiology of T2DM and nephropathy
(27-28). The measurement serum magnesium identify
the T2DM and its complications.

6. Conclusion

The present study concludes that the serum magnesium
can be used as early diagnostic and prognostic marker for
type 2 diabetes mellitus and nephropathy.
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Table 1: Criteria of the study

Inclusion criteria

Exclusion
criteria

Cases: The T2DM patients
diagnosed as per American
Diabetic Association criteria
(14) and nephropathy was
diagnosed  according to
Kidney Disease
Improvement Global
Outcomes (KDIGO) criteria
(15).

e ACR: <30 mg/g
creatinine considered
as
Normoalbuminuria.
30-300 mg/g
creatinine considered
as microalbuminuria
and >300 mg/g
creatinine considered
as microalbuminuria.

Controls: The  healthy
individuals  without any
illness.

The participants
has history of
smoking,
alcoholism,
women with
pregnant  and
lactation, other
types of diabetes
mellitus, liver,
thyroid,
pancreatic,
cardiovascular
other types of
kidney diseases,
malnutrition,
were excluded

from this study.

Table 2: Baseline characteristics of study
variables between controls and T2DM patients

Controls T2DM P-
Param patients Valu
eter Me || S | Me |£+| SD e
an D an
Age 42. || 5. | 46.6 || 7.76 | 0.00
53 13 1 1**
BMI 20. | £] 1. [ 30.3 | £] 6.83 | 0.00
70 55 8 1**
FBS 8L. || 7. | 164. | £| 26.8 | 0.00
83 97 | 56 4 1%*
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HbAlc | 50 | £| 0. | 8.77 | | 2.16 | 0.00

1 41 1**

Serum | 28. | £| 6. | 95.7 | £| 56.8 | 0.00

Urea 95 74 9 7 1**

Serum | 09 | £| 0. | 3.01 | +]| 1.96 | 0.00

Creatin 1 17 1 **
ine

Insulin | 9.7 | £| 1. | 184 | £| 8.90 | 0.00

6 78 7 ]**

eGFR | 89. | £| 6. | 40.5 | ] 33.5 | 0.00

15 55 1 9 1**

ACR 18. | | 4. | 346. | £| 337. | 0.00

10 01 | 66 29 1**

Serum | 1.9 | £| 0. | 0.76 | £| 0.27 | 0.00

magnes | 3 26 1**
mum

Table 3: comparison of study variables between
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Serum | 1 [H0]0.|HO0|0|HO0]0.|{40. |0 esiu 1.00
Magn 8 6 110 m 0
esium | 9 219 218 210 710
3 6 711 6 1 Figure 1: Shows the study participants’
*
* Total 160 Participants

Table 4: Correlation of serum magnesium with
biochemical and clinical parameters of the

study Type 2 Diabetes Mellitus Healthy Controls
Parameter r P (n=120) (Group -1, n=40)
Age -0.38 0.001**
BMI -0.64 0.001** T20M with Normoalbuminurla
FBS -0.82 0.001** dekims
HbAlc -0.68 0.001**
Urea -0.60 0.001** T20M with Microalbuminurla
Creatinine -0.57 0.001%* (Broup 8, ned)
Insulin -0.62 0.001**
eGFR 0.62 0.001**
ACR -0.55 0.001** T20M with Macroalbuminuria

(Group -4, n=40)

Table 5: The Receivers operating characteristics

between urinary ACR, eGFR and serum Figure 2 shows the comparison of eGFR,
magnesium urinary ACR and Serum Magnesium in
Para | A | 95% | Cut | Se | Specificity | P between study subjects
mete | U | CI Off | nsi Va ’ k
rs C | For | Val |tiv lu '
Valu | ue | ity e
e

Urin | 0. | 045 | 0.2 | 32 95.00 0.

ary | 57| 8to | 750 | .5 26
ACR | 3 | 0.68 0 23
(mg/ 3 )

g
creati 5
nine) i
eGF | 0. | 045 | 0.1 | 47 70.00 0. )

R |56 0to | 750 | .5 31 T Rl
(ml/ | 5 | 0.67 0 52
min) 6
Seru | 0. | 093 | 0.9 | 95 100.00 0.

m 98 | 5to | 500 | .0 00
magn | 9 0 01
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Figure 3: Scatterplots between serum
magnesium and FBS, HbAlc, Insulin, eGFR and
urinary ACR
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