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KEYWORDS ABSTRACT:

Introduction: The type 2 diabetes mellitus clinical disease is typified by hyperglycemia, or elevated blood
Type 2 glucose levels, brought on by insufficient or ineffective (incompetent) insulin. The magnesium is the fourth
Diabetes most prevalent cation and has numerous essential biological functions, such as DNA synthesis and
Mellitus, metabolism.
Nephropathy,

Objectives: The present study aimed to correlate the Serum Magnesium and Clinical Markers of

Serum Nephropathy in Patients with Type 2 Diabetes Mellitus.
Magnesium, ) )
Ut Methods: The present study included 150 T2DM patients and 75 age, gender matched healthy controls, the
r},, T2DM cases classified into two groups based on their microalbumin levels. For all the patients routine
Albumin . . . .
o biochemical, clinical and serum magnesium was analysed.
Creatinine
Ratio and Results: The serum magnesium had shown significant reduced levels in patients with T2DM when compared
eGFR to controls. These levels significantly negatively correlated with blood sugars, glycated haemoglobin,
’ dyslipidaemia, urinary ACR and these levels positively correlated with HDL and GFR. The ROC curve
analysis also shown the serum magnesium has significant at area under the curve, also has highest sensitivity
and specificity than urinary ACR and eGFR.
Conclusions: This study suggests to monitor serum magnesium might be useful for to detect early onset of
nephropathy in patients with T2DM and controls.
1. Introduction intracellular glucose levels have been proposed as a

necessary condition for the development of DN-typical
kidney morphological and functional alterations [6-8].
Increased perfusion resulting in elevated glomerular
filtration and intraglomerular pressure is a characteristic
of the diabetic kidney. First, microalbuminuria, which
develops into more extensive proteinuria, glomerular
filtration rate (GFR) decline, and finally end-stage renal
disease (ESRD) are caused by pathological alterations
[9]. One of the pathogenic factors for diabetes
complications, such as nephropathy, has been identified

Type 2 diabetes Mellitus is a clinical condition due to
hyperglycemia. When insulin resistance is present, a
gradual failure in insulin production leads to type 2
diabetes [1-2]. Complications from type 2 diabetes
might include retinopathy, polyneuropathy,
nephropathy, and cardiovascular disease [3]. About 40%
of people with diabetes go on to develop nephropathy. A
primary cause of end-stage renal disease (ESRD) and one
of the most significant microvascular consequences of
diabetes is diabetic nephropathy (DN) [4-5]. High
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as oxidative stress. Hyperglycemia-induced oxidative
stress raises the production of ROS, which in turn causes
cellular damage and malfunction and, eventually,
diabetic micro and macrovascular problems [10-11].

The human body contains magnesium, the fourth most
abundant cation, which is essential for many basic
biological functions, such as DNA synthesis and energy
metabolism [12-13]. Additionally, it has a variety of
roles in the binding, activity, and secretion of insulin.
Endothelial cell failure, inflammation, and oxidative
stress have all been linked to magnesium shortage [14-
15]. Type 2 diabetes is closely linked to magnesium
shortage. Insulin resistance or insufficiency in diabetic
patients may contribute to magnesium loss at the thick
ascending limb of the Henle loop [16]. Magnesium
shortage has been proposed as a major contributor to the
pathophysiology of diabetes complications, such as
nephropathy. The present study aimed to correlate
between the serum magnesium and urinary
microalbumin in different stages of kidney diseases in
patients with type 2 diabetes mellitus.

2. Methods

This cross-sectional study recruited 150 type 2 diabetes
mellitus attended to the general medicine OPD at PES
University Institute of Medical Sciences, Bangalore,
Karnataka. Additionally, 75 age and gender matched
healthy controls included and considered as group 1. The
T2DM patients sub grouped based on their microalbumin
levels shown in figure 1. The study approved by
institutional ethics committee and the participants
recruited after obtained informed consent form. The
subject’s age should 30-70 years, the T2DM patients
diagnosed according to american diabetic association
criteria [17] and kidney disease improvement global
outcomes criteria [18] are included in the present study.
The subjects had history of other types of diabetes
mellitus, kidney diseases, thyroid diseases, liver
diseases, pancreatic diseases; cardio vascular diseases
and subjects who are on magnesium supplementation
were excluded.

Sample collection

Five (5) ml of fasting venous blood sample collected
from all the subjects. One (1) ml transferred into sodium
fluoride, one ml transferred into ethylenediamine
tetraacetic acid (EDTA) tube and remaining sample
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transferred into serum separation tube. The plasma and
serum separated. Additionally, urine a spot fasting urine
sample also collected and separated. The separated into
properly labelled aliquots and stored into -80°C until
analysis will be done.

Statistical analysis

The date was expressed mean + standard deviation and
comparison between the variables done by analysis of
variance. The correlation between the study variables
done by pearson’s correlation. The ROC curve analysis
done between the serum magnesium and clinical
parameters of nephropathy. The statistical analysis done
by using SPSS version 20.0.

3. Results

The table 1 illustrates that comparison of base line
characteristic between the study groups. The age and
BMI shown statically significant between type 2 diabetes
mellitus and controls (P-0.001**). The FBS TGL TC
VLDL, LDL and HbAlc significantly increased in type
2 diabetes patients and controls (P-0.001**). The urinary
albumin creatinine ratio significantly elevated in type 2
diabetes patients and controls (P-0.001**). The serum
magnesium and eGFR significantly decreased in type 2
diabetes patients and controls (P-0.001*%*).

The table 2 illustrates that comparison of base line
characteristic between the both groups of type 2 diabetes
mellitus and controls groups. The age and BMI shown
statically significant between both the groups of type 2
diabetes mellitus and controls (P-0.001**). The FBS
TGL TC VLDL, LDL and HbA ¢ significantly increased
in both the groups of type 2 diabetes patients and controls
(P-0.001**). The wurinary albumin -creatinine ratio
significantly elevated in both groups of type 2 diabetes
patients and controls (P-0.001**). The serum magnesium
and eGFR significantly decreased in both the groups of
type 2 diabetes patients and controls (P-0.001*%*).

The table 3 illustrates correlation of serum magnesium
with other study wvariables. The serum magnesium
negatively correlated with age, BMI, FBS, HbAlc, TC,
TGL, VLDL, LDL and urinary albumin creatinine ratio
(P=0.001**) and positively correlated with eGFR and
HDL. (P=0.001%%*).

Table 4 shows ROC curve analysis between serum
magnesium and urinary ACR, eGFR. The urinary ACR
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and eGFR not shown significant at AUC and have low
sensitivity and specificity (P=0.344,0.471). the serum
magnesium shown significant at AUC and have highest
sensitivity and specificity (P<0.0001*%*).

Figure 1 shows scatter plots between serum magnesium
and eGFR, urinary ACR there was a significant positive
correlation between serum magnesium and eGFR. The
serum magnesium negatively correlated with urinary
ACR.

4. Discussion

Type 2 diabetes mellitus is a chronic metabolic disease
linked to insulin resistance and hyperglycaemia results
decreased antioxidants and increased oxidative stress.
Most of the T2DM patients suffering with nephropathy
and it is started with microalbuminuria and end up with
end stage renal disease [19-20]. The microalbumin is a
common clinical available marker for detection of kidney
damage in T2DM patients. But recent studies are
opposing the microalbumin cannot be served as a marker
for nephropathy due to its flows. Many of the T2DM with
microalbuminuria patients revert back to
normoalbuminuria and many of the normoalbuminuria
patients showed a advanced renal pathophysiology.
Along with that it is elevated in other disease conditions
[21-24].

The present study focused on the serum magnesium can
have capability to serve as a marker for both T2DM and
nephropathy. The physiological properties of magnesium
are insulin sensitizing and antioxidant properties. The
present study found significant and drastically decreased
levels of serum magnesium in T2DM with
microalbuminuria and normoalbuminuria patients when
compared to controls. Intracellular magnesium is
essential for controlling vascular tone, insulin action, and
insulin-mediated glucose uptake. Decreased intracellular
magnesium levels cause diabetes patients' insulin
resistance to worsen and their tyrosine kinase activity to
be impaired postreceptorily [25-26]. Some of the
previous studies indicated that the overall prevalence of
microalbuminuria was 36.3%, and normoalbuminuria
had 11.37% [27-28]. Some of recent studies are reported
the T2DM population had a significant and drastically
reduced levels of serum magnesium when compared to
controls [29-30].
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Additionally, we also found the serum magnesium
shown significant negative correlation with blood sugars,
glycated haemoglobin, lipid profile and the urinary ACR.
These levels were positively correlated with HDL, eGFR
(P=0.001**). Another study also reported, the
microalbuminuria group had lower mean magnesium
levels than the normoalbuminuria group, the pearson's
correlation test was serum magnesium levels and urinary
microalbumin levels in patients with type 2 diabetes
mellitus were negatively correlated in the current study.
Another, study reported ie the incidence of
microalbuminuria was inversely correlated with serum
magnesium levels [31]. To ascertain whether treating
magnesium shortage with medication or dietary changes
could effectively lower the incidence of
microalbuminuria. Better glycaemic control and fewer
diabetic complications may result from screening for
serum magnesium levels in Type 2 diabetes and
correcting any deficiencies.

5. Conclusion

According to this study, type 2 diabetic patients with and
without nephropathy had noticeably lower serum
magnesium levels than healthy people. Serum
magnesium levels were found to significantly correlate
positively with estimated GFR and negatively with
fasting blood glucose, HbAlc, serum creatinine, and
urine ACR in both type 2 diabetes individuals with and
without nephropathy. The monitoring of serum
magnesium might be used as a early detectible marker
for nephropathy than the microalbumin.
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Table

Comparison

of base

line

characteristics between the study subjects

Parameters Controls Type 2 Diabetes P-

Mellitus Value
Mean | £ SD Mean | = SD

Age (Years) 46.25 + 8.34 50.14 + 9.30 0.001**

BMI 2410 | = 1.61 3358 | 8.23 0.001**

(kg/m2)

FBS 8502 | £ | 1026 | 161.89 | = | 30.14 | 0.001**

(mg/dL)

eGFR 9336 | £ | 9.62 4315 | £ | 37.83 | 0.001**

(ml/min)

CHOL 16245 | £ | 17.08 | 251.70 | = | 6542 | 0.001**

(mg/dl)

TGL 11570 | £ | 22.79 | 186.50 | £ | 50.54 | 0.001**

(mg/dl)

HDL 4727 | = | 8.71 3446 | + 7.94 0.001**

(mg/dl)

VLDL 2526 | £ | 5.96 39.68 | * 11.31 0.001**

(mg/dl)

LDL 9322 | £ | 11.06 | 182.13 | £ | 61.72 | 0.001**

(mg/dl)

HbAlc (%) 6.58 + | 2.76 8.62 + 2.47 0.001**

Albumin 19.15 | £+ | 7.09 | 336.78 | + | 323.83 | 0.001**

Creatinine

Ratio (mg/g

creatinine)
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ealth Risks

Serum
Magnesium

(mg/dL)

0.001**

Table 2: Comparison of study variables both the
groups of type 2 diabetes mellites patients and

HbAlc 6.58 +| 0. 8.69 +| 0. 9.79 | £| 1. | 0.001*
(%) 75 48 18 | *
Albumin | 19.15 | £| 7. | 2009 | £| 5 232. | £| 39 | 0.001*
Creatini 05 91 59 8 | *
ne Ratio 9
(mg/g
creatinin
e)
Serum 1.74 +| 0. 0.76 0. 0.68 | +| 0. | 0.001*
Magnesi 21 14 15 | *
um
(mg/dL)

controls
Paramet Control Type 2 Type 2 P-
er Diabetes Diabetes Valve
Mellitus with Mellitus with
Normo Micro
albuminuria albuminuria
Mea E Mea +| S Mea | £| S
n D n D n D
Age 4625 | £| 8. | 4405 | £| 6. 522 | £| 6. | 0.001*
(Years) 34 41 2 67 | *
BMI 2410 | +| 1. | 2615 | +| 1. 365 | £| 3. | 0.001*
(kg/m2) 61 95 9 81 | *
FBS 8592 | £| 10 | 1368 | £| 15 157. | £| 16 | 0.001*
(mg/dL) 2 2 2 58 A
5 9 2
eGFR 9336 | =| 9. | 9270 | £| 8. 238 | £| 7 0.001*
(ml/min) 59 75 2 14 | *
CHOL 1624 | +£| 17 | 1741 | +| 16 | 273. | +£| 25 | 0.001*
(mg/dl) 5 .0 5 .6 50 9 | *
8 7 6
TGL 1157 | =] 22 | 1362 | £| 20 198. | £| 21 | 0.001*
(mg/dl) 0 i 0 5 52 VA
9 6 7
HDL 4727 | | 8 | 40.72 | £| 5. 38.1 | =] 3. | 0.001*
(mg/dl) 71 46 8 33 | *
VLDL 2526 | £| 5. | 2766 | | 6. 422 | £| 4 0.001*
(mg/dl) 96 59 2 99 | *
LDL 9321 | =| 10 | 1088 | +| 13 | 203. | =| 26 | 0.001*
(mg/dl) .0 3 8 36 2 | *
6 5 9
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Table 3: Correlation of serum magnesium with other

study variables

(mg/g creatinine)

Parameters r-Value P-Value
AGE 0.322 0.001%**
BMI (kg/m2) -0.461 0.001%**
FBS (mg/dL) -0.374 0.001%**
eGFR (ml/min) 0.572 0.001%*
CHOL (mg/dl) -0.738 0.001%*
TGL (mg/dl) -0.647 0.001%**
HDL (mg/dl) 0.734 0.001**
VLDL (mg/dl) -0.639 0.001%**
LDL (mg/dl) -0.835 0.001%**
HbAlc (%) -0.734 0.001%*
Albumin Creatinine Ratio -0.846 0.001%**

Table 4: ROC curve analysis between serum
magnesium and urinary ACR, eGFR.

Paramete AU 95%

r C CI

for

Valu

Cut

off

Valu

Sensitivi

ty

ty

Specifici P

Value



http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(5), 2670-2676 | ISSN:2251-6727

Urinary 0.56 0.44 0.20 97.50 22.50 0.344
ACR 2 7 to 0
(mg/g 0.67
creatinine 3
)
eGFR 0.54 0.43 0.27 90.00 37.50 0.471
(ml/min) 8 3to 5
0.66
0
Serum 1.00 0.95 1.00 100.00 100.0 <0.000
Magnesiu 0 5to 0 1
m 1.00
(mg/dL) 0

Figure 1: Scatter plots between serum magnesium
and eGFR, urinary ACR
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