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Abstract

Background: Hyperglycemia, electrolyte imbalance, and kidney problems characterize Type 2 Diabetes
Mellitus (T2DM), a chronic metabolic illness. Microalbuminuria is an early sign of diabetic nephropathy, and
serum magnesium and uric acid may indicate renal impairment.

Objective: The purpose of this research was to determine whether there was a correlation between
microalbuminuria and blood magnesium and uric acid levels in type 2 diabetes individuals.

Methodology: One hundred type 2 diabetes patients, ranging in age from thirty to seventy, who were seen at a
tertiary care hospital were part of a cross-sectional observational study. We did not include patients who were
pregnant, had chronic kidney disease, or had any other serious medical conditions. We measured serum
magnesium, serum uric acid, fasting blood glucose, and hemoglobin Alc in blood samples taken while the
subjects were fasting, and we measured the albumin-to-creatinine ratio (ACR) in urine samples taken first thing
in the morning. We used ERBA Chem 7 and Roche Cobas C111 analyzers, among other calibrated instruments,
and standard laboratory methodologies. A significance level of p < 0.05 was used in the statistical analysis that
was conducted using SPSS version 25.0, along with t-tests and Pearson correlation.

Results: The study found that hypomagnesemia was significantly associated with increased levels of
microalbuminuria (p < 0.05), and patients with hyperuricemia showed a higher prevalence of microalbuminuria.
A negative correlation was observed between serum magnesium and ACR, while serum uric acid positively
correlated with ACR.

Conclusion: Low serum magnesium and high serum uric acid levels are significantly associated with
microalbuminuria in Type 2 diabetes mellitus patients, suggesting their role as early markers for diabetic
nephropathy. Routine monitoring may aid in early detection and prevention.

Keywords: Type 2 diabetes Mellitus, Serum Magnesium, Serum Uric Acid, Microalbuminuria, Diabetic
Nephropathy, ACR.
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Introduction

High blood sugar and insulin resistance are
symptoms of type 2 diabetes mellitus, a long-term
metabolic disease [1]. The most frequent kind of
diabetes accounts for about 90% of cases. Type 2
diabetes is spreading rapidly worldwide due to
sedentary lifestyles, bad diets, and rising obesity
rates.  Its massive number of victims and high
death toll have made it a major public health issue
in India. Macrovascular hyperglycemia and
microvascular  nephropathy, neuropathy, and
retinopathy are type 2 diabetes's complications [2].
Type 2 diabetes causes several serious
complications, including diabetic nephropathy, a
leading cause of ESRD worldwide. Early
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detection and treatment of diabetic nephropathy can
delay its progression and improve health.
Researchers are studying how diabetic nephropathy
develops and what biochemical signs are involved.
Blood magnesium, uric acid, and microalbuminuria
may predict diabetes [3]. The body needs
magnesium, the fourth most abundant cation, to
maintain glucose homeostasis, secrete insulin, and
use it. Many carbohydrates-metabolizing enzymes
need it as a cofactor [4]. Hypomagnesaemia, or
low serum magnesium levels, are common in type
2 diabetics and may be associated to insulin
resistance, poor  glycemic  control, and
complications. Multiple studies show that
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magnesium deficiency impairs insulin receptor
tyrosine kinase activity, worsening hyperglycemia
and insulin sensitivity [5]. Due to heightened
oxidative stress and inflammation, low magnesium
levels aggravate nephropathy and other diabetic
complications. Renal function problems can
worsen magnesium imbalance because the kidney
regulates magnesium homeostasis [6]. Osmotic
diuresis increases magnesium urine loss in
diabetes, causing hypomagnesaemia. This loss is
often unnoticed until complications arise. ~Serum
Magnesium levels can help type 2 diabetes assess
disease severity and nephropathy risk [7].

Uric acid is a biological marker for type 2 diabetes
and its complications. Purine metabolism produces
it [8]. Type 2 diabetics commonly have
hypertension, insulin resistance, and endothelial
dysfunction, which can lead to hyperuricemia.
Increased uric acid levels may cause diabetic
nephropathy by causing oxidative  stress,
inflammation, and renin-angiotensin  system
activation. In type 2 diabetes, high uric acid levels
are associated with microalbuminuria, suggesting
early renal involvement [9]. Diabetes raises
cardiovascular disease risk, and urine acid levels
may predict it. Due to its association with chronic
renal illness, hyperuricemia is an important
biomarker in diabetics. A new study suggests that
monitoring blood uric acid levels may protect the
kidneys and delay nephropathy in diabetics [10].

Microalbuminuria—30-300  mg/day  albumin
excretion—is an early and sensitive indication of
diabetic nephropathy [11]. Increased glomerular
permeability indicates early kidney impairment and
eventual renal and cardiovascular problems in
diabetics. Microalbuminuria often occurs without
symptoms and may be the first sign of
nephropathy, before GFR decline or proteinuria.
Clinical recommendations advocate routine
microalbuminuria screening in type 2 diabetes for
early management. Early diagnosis and therapy
decrease cardiovascular morbidity and nephropathy
[12]. Microalbuminuria in diabetics is connected
to poor blood sugar control, high blood pressure,
aberrant lipid profiles, magnesium shortage, and
uric acid excess. By understanding the association
between microalbuminuria and  biochemical
indicators, type 2 diabetic risk classification and
treatment can be improved. The primary aim of this
study is to evaluate the association of serum
magnesium and serum uric acid levels with
microalbuminuria in patients with type 2 diabetes.
By assessing these biochemical parameters and
their correlation with early kidney damage, the
study seeks to identify potential risk markers for
diabetic nephropathy. To determine the levels of
serum magnesium and Serum uric acid in patients
with type 2 diabetes mellitus. To assess the
presence and severity of microalbuminuria in the
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same cohort. To evaluate the correlation between
serum magnesium levels and microalbuminuria. To
evaluate the correlation between serum uric acid
levels and microalbuminuria. To explore the
potential of using serum magnesium and uric acid
as predictive markers for early diabetic
nephropathy. By achieving these objectives, this
study aims to contribute to the growing body of
evidence supporting early biochemical assessment
in diabetic care and encourage routine monitoring
of these simple yet significant parameters.

Methods

Study Design: This cross-sectional observational
study examined the suggestion between
microalbuminuria, serum uric acid, and
magnesium in type 2 diabetes. By taking a
snapshot of type 2 diabetes patients' biochemical
and clinical parameters, the study sought to identify
any correlations. Because the trial was
observational and no intervention was given, the
subjects' clinical profiles were kept and the
connections discovered were more reliable.

Study Population: The study included 100 type 2
diabetes mellites patients from the Nalanda
Medical College & hospital's medicine outpatient
departments & study was done from August 2024
to January 2025. The sample size was taken based
on existing research, the estimated frequency of
microalbuminuria in type 2 diabetes patients, and
biochemical evaluation time and resources.

Inclusion Criteria

o Patients aged between 30 and 70 years.

o Diagnosed cases of type 2 diabetes as per the
American  Diabetes  Association (ADA)
guidelines.

o Patients who provided written informed
consent to participate in the study.

Exclusion Criteria

e Patients with chronic kidney disease (CKD) or
those on dialysis.

o  Pregnant or lactating women.

o Patients with any known chronic systemic
illnesses, including liver disease,
cardiovascular disease, or malignancy.

o Individuals with a history of recent infections
or hospitalizations (within the past 4 weeks).

e Those on magnesium supplements, uric acid-
lowering therapy, or diuretics, as these could
alter serum levels and bias results.

Data Collection Procedure:

Each participant was thoroughly assessed after
signed informed consent.  Participants' age, sex,
profession, and socioeconomic level were recorded.
When taking the patient's clinical history, we
focused on glycemic control, medication history,
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hypertension, diabetes duration, and diabetic
complications. We measured height, weight, and
BMI. After five minutes of peaceful sitting, the
patient's blood pressure was taken with a
conventional sphygmomanometer. Clinical
examinations were followed by lab tests.

Laboratory Investigations: This study examined
the relationship between serum magnesium, uric
acid, and microalbuminuria in type 2 diabetes using
biochemical analysis.  Under stringent aseptic
conditions, all participants gave fasting venous
blood samples for serum magnesium, uric acid,
glucose, and HbAlc measurement. Also, early
morning midstream urine samples were taken to
test urine ACR, the main marker for
microalbuminuria. Standards and verified
processes were used to analyses all laboratory
values in the hospital's central clinical laboratory.

The Calmagite colorimetric approach on a semi-
automated biochemistry analyzer (ERBA Chem 7)
assessed serum magnesium. The enzymatic uricase
method was used to measure serum uric acid using
Randox kits on a Roche Cobas Cl111 fully
automated analyzer. The ACR was computed from
turbidimetric urine albumin and Jaffe's creatinine
measurements. High-performance  liquid
chromatography (HPLC), a reliable glycaemia
assessment method, was used to analyze HbAlc.
To ensure accuracy and dependability throughout
the investigation, all instruments were calibrated
and internal quality control checks were done.

Operational Definitions:

Uniformity and clinical relevance were achieved
with operational definitions. = Microalbuminuria,
which indicated early renal failure, was 30-300
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mg/g urine albumin-to-creatinine.
Hypomagnesaemia was identified when serum
magnesium levels dropped below 1.7 mg/dL.
Hyperuricemia was defined as serum uric acid
levels over the clinical practice upper limits of 7
mg/dL for men and 6 mg/dL for women. These
established standards permitted accurate linkage
between biochemical indicators and uniform
participant classification.

Statistical Analysis: The data were imported into
Microsoft Excel and analyzed using IBM SPSS
25.0. Data was summarized using mean, standard
deviation, frequencies, and percentages.  For
continuous variables, we used a one-way analysis
of variance (ANOVA) for multiple groups and a t-
test with independent samples for two groups. The
Pearson correlation coefficient was used to evaluate
the connection between microalbuminuria, uric
acid, and serum magnesium. The significance
level was determined by a p-value that was less
than 0.05. All statistical analyses were validated
with suitable assumptions and normal distribution
tests, and charts and tables were utilized to display
the findings.

Results

Demographic Profile: The study included a total
of 100 patients diagnosed with type 2 diabetes
mellitus, aged between 30 and 70 years. The
mean age of the study population was 54.6 * 8.7
years. Out of the 100 participants, 56 were males
(56%) and 44 were females (44%), indicating a
slight male predominance. Most of the patients had
a diabetes duration ranging from 5 to 10 years, and
a majority were on oral hypoglycemic agents.

Table 1: Demographic Profile of the Study Population (n =100)

Demographic Variable Category Number of Patients (n) Percentage (%)
Age Group (years) 30-39 12 12%

40-49 18 18%

50-59 34 34%

60-70 36 36%
Gender Male 56 56%

Female 44 44%
Duration of Diabetes <S5 years 22 22%

5-10 years 58 58%

>10 years 20 20%
Treatment Modality Oral agents only 67 67%

Insulin + oral meds 33 33%
Biochemical Parameters of the Study average serum magnesium level across the subjects

Participants: In Table 1 we can see the average
values of the important biochemical parameters that
were measured in the research. Along with a mean
serum uric acid level of 6.2 + 1.5 mg/dL, the
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was 1.65 £ 0.28 mg/dL. Approximately 85.4 +
34.7 mg/g was the mean urine ACR, suggesting
that microalbuminuria was present in a
considerable few patients.
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Table 2: Mean + SD of Key Biochemical Parameters in type 2 diabetes mellitus Patients

Parameter Mean + Standard Deviation

Serum Magnesium (mg/dL) 1.65 +£0.28

Serum uric acid (mg/dL) 62+1.5

Urine ACR (mg/g) 854 +34.7

Prevalence of Microalbuminuria: Correlation between Serum Magnesium and

Microalbuminuria, defined as urine ACR 30-300
mg/g, was observed in 64 (64% of the 100 patients
investigated), while normoalbuminuric, defined as
urine ACR <30 mg/g, was observed in 36 (36% of
the 100 patients).

While there was no statistically significant
difference between the sexes, the prevalence of
microalbuminuria was greater in males (n=38) than
in girls (n=26).

Microalbuminuria: The ACR

in urine was

significantly inversely correlated with serum
magnesium levels. Microalbuminuria was more

common in patients whose magnesium levels were
low. There was a statistically significant Pearson
correlation coefficient (r) of -0.42 (p = 0.003).

These results point to a possible association
between hypomagnesaecmia and early renal
involvement in type 2 diabetes.

Table 3: Comparison of serum magnesium Levels with Presence of Microalbuminuria

Microalbuminuria Status No. of Patients Mean Serum Magnesium (mg/dL) p-value
Present (n=64) 64 1.54+£0.25 0.003*
Absent (n=36) 36 1.82 +£0.22

*Statistically significant (p < 0.05)

Correlation between Serum Uric Acid and
Microalbuminuria: Microalbuminuria and serum
uric acid levels were found to be positively
correlated. Patients whose blood uric acid levels
were already high had much higher ACR readings

in their urine. There was a statistically significant
Pearson correlation coefficient of r = 0.36 with a p-
value of 0.012. This provides more evidence that
high blood pressure can harm the kidneys of
diabetics.

Table 4: Comparison of Serum Uric Acid Levels with Presence of Microalbuminuria

Microalbuminuria Status No. of Patients Mean Serum uric acid (mg/dL) p-value
Present (n=64) 64 6.68+1.3 0.012*
Absent (n=36) 36 5.53+£1.6

*Statistically significant (p < 0.05)

Discussion

Comparison with Previous Studies: This study
examined microalbuminuria, serum uric acid, and
serum magnesium in type 2 diabetes.
Microalbuminuria was observed in 64% of the
participants, and there = were  significant
connections, such as a positive link between blood
uric acid and microalbuminuria and an inverse
relationship between serum magnesium and its
presence.

The findings match other research.
Hypomagnesaemia was frequent in type 2 diabetes
and connected to lower glycemic control and early
nephropathy, according [13]. Diabetes with
microalbuminuria have lower magnesium levels
than those without [14].  [15] Discovered that
greater uric acid levels worsened diabetes
nephropathy, suggesting that it may affect
endothelial dysfunction and renal vascular damage.
The results of this study confirm and expand the
idea that serum magnesium and uric acid may
contribute to diabetes nephropathy. This study
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demonstrated a considerable negative correlation
between serum magnesium and microalbuminuria,
suggesting magnesium may protect the kidneys.
Magnesium affects glucose metabolism, insulin
secretion, and vascular tone. Diabetes
microvascular issues like nephropathy may be
caused by inflammation, endothelial dysfunction,
and high oxidative stress, which low serum
magnesium levels may worsen.
Hypomagnesaemia may worsen renal damage in
type 2 diabetes and cause insulin resistance and
metabolic dysfunction. This study found an inverse
link between magnesium shortage and diabetic
kidney disease, suggesting it may be a precursor.
Thus, appropriate magnesium levels may delay or
aggravate microalbuminuria in diabetes.

Microalbuminuria was positively linked with serum
uric acid, suggesting that type 2 diabetes with high
uric acid may develop nephropathy early.  Pro-
inflammatory and pro-oxidative hyperuricemia can
promote endothelial dysfunction and glomerular
hypertension. Uric acid damages kidneys by
promoting interstitial fibrosis and activating the
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RAS. Our findings support prior data indicating
uric acid initiates and accelerates renal
microvascular damage. In trials like FEATHER,
xanthine oxidase inhibitor-induced uric acid
decrease improved kidney outcomes, suggesting a
causative relationship. Diabetic nephropathy
progresses through metabolism, hemodynamics,
and inflammation. Oxidative stress, systemic
inflammation, and AGE formation harm glomeruli
in chronic high blood sugar. Magnesium
deficiency can worsen insulin signalling and
oxidative damage. High serum uric acid levels
cause tubule inflammation, endothelial dysfunction,
and diminished nitric oxide production in the
kidneys. Low magnesium and high uric acid levels
can indicate renal stress before proteinuria or GFR
decrease. Understanding these metabolic
alterations can improve diabetes nephropathy
diagnosis and treatment.

Strengths of the Study: Its well-defined diabetic
sample allowed it to explore microalbuminuria's
connection with a few biochemical indicators. A
tiny sample size of 100 can discover statistically
significant relationships. The study's methodology
was robust because it used appropriate statistical
tests and standardized laboratory testing. We
carefully designed the inclusion and exclusion
criteria to eliminate potential confounding factors
such chronic kidney disease and recent infections
to guarantee that the study parameters were not
affected by other factors.

Limitations of the Study: Although strong, the
study has some drawbacks. First, the cross-
sectional design makes causal conclusions difficult.
To determine the link between serum magnesium,
uric acid, and microalbuminuria, longitudinal
investigations are needed. Second, the study was
conducted at a single tertiary care centre, which
may limit its applicability to diverse socio-
demographic groups. Although sufficient for first
observations, the sample size may not represent the
whole range of variability in a heterogeneous
diabetes community. Lack of dietary and lifestyle
assessment, which could affect serum magnesium
and uric acid levels, was another drawback. Lack
of control over magnesium intake, hydration,
physical activity, and medication use (e.g.,
diuretics) may have caused confounding variables.
Lack of intervention or follow-up limits results'
application to long-term effects.

Scope for Future Research: Given the reported
connections, prospective cohort studies are needed
to determine the temporal relationship and causality
between hypomagnesaemia, hyperuricemia, and
diabetes nephropathy. Interventional research on
magnesium supplementation or uric acid-lowering
medications and renal disease progression in type 2
diabetes mellitus patients would be advantageous.
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The molecular processes linking these biochemical
markers to renal endothelial dysfunction should
also be studied. Multi-center trials with higher
sample numbers and diverse populations improve
generalizability. Adding serum creatinine,
estimated glomerular filtration rate (eGFR),
inflammatory markers (hs-CRP, IL-6), and
oxidative stress indicators may help explain
diabetic nephropathy a etiology.

Conclusion

This study found that low serum magnesium and
high serum uric acid levels are linked with
microalbuminuria in type 2 diabetes mellites.
These indicators may indicate diabetic nephropathy
early on. The findings emphasize the importance
of monitoring these biochemical indicators in
addition to glycemic management to detect renal
issues early.  Such accessible and cost-effective
testing can help identify at-risk patients for renal
disease early enough to make lifestyle adjustments
or take medication.  Diabetic nephropathy is a
leading cause of end-stage renal disease; thus
magnesium and uric acid assessments may improve
clinical outcomes. Preventing chronic kidney
disease in diabetes may require monitoring and
treating metabolic imbalances.
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