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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder associated with significant morbidity due to its microvascular and
macrovascular complications. Microalbuminuria, a marker of early
nephropathy, is influenced by various metabolic factors, including serum
magnesium and uric acid levels. Understanding the association between these
parameters is crucial for early identification and management of complications
in T2DM. Objective: To evaluate the relationship between serum magnesium,
serum uric acid levels, and microalbuminuria in patients with type 2 diabetes
mellitus and explore their potential as predictors of diabetic nephropathy.
Materials and Methods: This cross-sectional study included 100 patients
with type 2 diabetes mellitus. Serum magnesium and serum uric acid levels
were measured using standard biochemical methods. Microalbuminuria was
assessed using urinary albumin-to-creatinine ratio (UACR). Statistical
analyses included correlation studies and regression analysis to evaluate
associations between these parameters.

Results: A significant inverse correlation was observed between serum
magnesium levels and microalbuminuria (r = -0.42, p < 0.01), while serum
uric acid levels were positively correlated with microalbuminuria (r = 0.38, p
< 0.01). Patients with poorly controlled diabetes (HbAlc > 8%) exhibited
lower serum magnesium levels and higher uric acid levels, which were
associated with increased prevalence of microalbuminuria (p < 0.05).
Conclusion: This study highlights the significant association between serum
magnesium, serum uric acid levels, and microalbuminuria in type 2 diabetes
mellitus. Monitoring these parameters can aid in the early detection of
nephropathy, guiding preventive strategies for better management of diabetic
complications.

Keywords: Type 2 diabetes mellitus; Serum magnesium; Serum uric acid;
Microalbuminuria; Diabetic nephropathy; Urinary albumin-to-creatinine ratio.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the most
prevalent non-communicable diseases worldwide,
characterized by chronic hyperglycemia resulting
from insulin resistance, inadequate insulin secretion,
or a combination of both. It is a progressive disease
associated with debilitating complications, including
microvascular ~ complications  like  diabetic

retinopathy, nephropathy, and neuropathy, as well as
macrovascular complications such as cardiovascular
disease and stroke.*@ Among these, diabetic
nephropathy remains a significant contributor to
morbidity and mortality, with an estimated 20-40%
of diabetic patients developing this condition during
their lifetime.[¥! It is the leading cause of end-stage
renal disease (ESRD) imposing a substantial
economic and healthcare burden.[
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Microalbuminuria, defined as a urinary albumin
excretion of 30-300 mg/day, is an early and
reversible marker of diabetic nephropathy. It reflects
early glomerular damage and is predictive of
cardiovascular events and progressive renal
dysfunction.[>8 Identifying factors associated with
microalbuminuria can provide critical insights into
the prevention and management of nephropathy in
diabetic patients.
Serum magnesium and uric acid levels have
emerged as important metabolic markers in the
pathophysiology  of  diabetic  complications.
Hypomagnesemia, commonly observed in poorly
controlled diabetes, is associated with increased
oxidative  stress, inflammation, and insulin
resistance. It also affects glucose metabolism and
may contribute to endothelial dysfunction, a key
factor in the development of nephropathy.[”8l On the
other hand, hyperuricemia has been implicated in
endothelial injury, renal vasoconstriction, and
systemic hypertension, further accelerating renal
damage. Elevated uric acid levels are strongly
correlated with increased urinary albumin excretion,
suggesting a potential role in the progression of
diabetic nephropathy.[®10
Despite the growing recognition of these
associations, limited research has explored the
interplay between serum magnesium, serum uric
acid, and microalbuminuria in T2DM, particularly
in the Indian population. Understanding these
relationships can provide insights into the
pathophysiological mechanisms underlying diabetic
nephropathy and guide targeted therapeutic
interventions. Such insights are crucial for
mitigating the progression of renal complications
and improving the overall quality of life for diabetic
patients.

Objective

This study aims to

1. Evaluate the association between serum
magnesium levels and microalbuminuria in
patients with T2DM.

2. Analyze the relationship between serum uric
acid levels and microalbuminuria in the same
cohort.

3. Assess the combined influence of these
parameters on the risk and progression of
diabetic nephropathy.

By comprehensively analyzing these associations,
the study seeks to contribute to the understanding of
metabolic dysregulation in diabetes and its role in
early renal damage, potentially offering markers for
early intervention and prevention of nephropathy
progression.

MATERIALS AND METHODS

Study Design

This was a cross-sectional, observational study
conducted to evaluate the association between
serum magnesium levels, serum uric acid levels, and

microalbuminuria in patients with type 2 diabetes

mellitus (T2DM).

Study Setting

The study was carried out in the Department of

Medicine at Malabar Medical College & Research

Centre Kozhikode, Kerala after obtaining approval

from the Institutional Ethics Committee.

Study Duration

The study was conducted over a period of 12

months.

Sample Size

A total of 100 patients diagnosed with T2DM were

enrolled based on the inclusion and exclusion

criteria. The sample size was determined using
statistical power analysis to ensure adequate
representation and reliability of findings.

Inclusion Criteria

1. Patients aged 30-70 years with a confirmed
diagnosis of T2DM as per ADA criteria.

2. Patients with a minimum duration of diabetes of
1 year.

3. Willingness to provide informed consent.

Exclusion Criteria

1. Patients with a history of kidney disease
unrelated to diabetes.

2. Those on medications affecting serum
magnesium or uric acid levels, such as diuretics
or magnesium supplements.

3. Pregnant or lactating women.

4. Patients with acute or chronic infections.

Data Collection

1. Clinical and Demographic Data:

o Age, sex, duration of diabetes, and history of
comorbidities were recorded.

o Blood pressure, body mass index (BMI), and
glycemic status (HbA1lc) were documented.

2. Laboratory Investigations:

Serum Magnesium Levels: Measured using a
colorimetric method.

o Serum Uric Acid Levels: Assessed using an
enzymatic colorimetric test.

o Microalbuminuria: Evaluated using urinary
albumin-to-creatinine ratio (UACR). Levels
between 30 and 300 mg/g were classified as
microalbuminuria.

o Fasting Blood Glucose: Measured to confirm
glycemic control.

3. Categorization of Patients:

Patients were divided into groups based on the
presence or absence of microalbuminuria.

Outcome Measures

The primary outcomes were:

1. The correlation between serum magnesium
levels and microalbuminuria.

2. The correlation between serum uric acid levels
and microalbuminuria.

3. Combined effects of serum magnesium and uric
acid levels on the presence  of
microalbuminuria.

Statistical Analysis: Data were summarized using

mean + standard deviation for continuous variables

and frequencies for categorical variables.
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e Pearson’s correlation coefficient was used to
evaluate relationships between variables.

e Logistic regression analysis was performed to
identify predictors of microalbuminuria.

e A p-value < 0.05 was considered statistically
significant.

This methodology ensured a robust evaluation of the

relationship between the studied parameters and

their role in predicting diabetic nephropathy.

RESULTS

Demographic and Clinical Characteristics

e Sample Size: 100 patients with type 2 diabetes
mellitus (T2DM) were included in the study.

e Age Distribution: The mean age of the
participants was 55 + 10 years.

e Gender: 60% were male, and 40% were
female.

e Duration of Diabetes: The average duration of
T2DM was 8.5 £ 4.2 years.

e Glycemic Status: Mean HbAlc was 8.2 +
1.5%, indicating suboptimal glycemic control in
most patients.

Serum Magnesium and Microalbuminuria

e Patients with microalbuminuria (UACR: 30-
300 mg/g) had significantly lower serum
magnesium levels (mean: 1.5 * 0.2 mg/dL)
compared to those without microalbuminuria
(mean: 1.8 £ 0.3 mg/dL, p <0.01).

e An inverse correlation was observed between
serum magnesium levels and microalbuminuria
(r=-0.42,p<0.01).

Serum Uric Acid and Microalbuminuria

e Serum uric acid levels were significantly higher
in patients with microalbuminuria (mean: 6.5
1.1 mg/dL) compared to those without (mean:
5.3+ 0.9 mg/dL, p <0.01).

e A positive correlation was observed between
serum uric acid levels and microalbuminuria (r
=0.38, p<0.01).

Combined Effects of Serum Magnesium and
Uric Acid

e Patients with both hypomagnesemia and
hyperuricemia had the highest prevalence of
microalbuminuria  (85%), indicating a
synergistic effect on diabetic nephropathy.
Prevalence of Microalbuminuria

e Overall, 45% of the study population had
microalbuminuria.

e Microalbuminuria was more common in
patients with poorly controlled diabetes (HbAlc
> 8%), affecting 65% of this subgroup.
Complications and Risk Factors

e Hypertension: Present in 72% of patients, with
a higher prevalence among those with
microalbuminuria (90%).

BMI: Patients with microalbuminuria had a
higher mean BMI (28.5 + 3.2 kg/m?) compared
to those without (25.1 + 2.8 kg/m?, p < 0.01).

Demographic Distribution: The results in Table 1

summarize the demographic characteristics of the

study population, highlighting the mean age, gender

distribution, and diabetes duration. [Table 1]

Glycemic Status: Table 2 shows the glycemic

control status of the participants, based on their

HbAlc levels. [Table 2]

Prevalence of Microalbuminuria: The results in

Table 3 illustrate  the  prevalence  of
microalbuminuria among the study participants.
[Table 3]

Serum Magnesium Levels and

Microalbuminuria: Table 4 presents the mean
serum magnesium levels in patients with and
without microalbuminuria. [Table 4]

Serum Uric Acid Levels and Microalbuminuria:
The results in Table 5 demonstrate the mean serum
uric acid levels in patients with and without
microalbuminuria. [Table 5]

Combined Effects of Magnesium and Uric Acid:
Table 6 highlights the combined influence of low
magnesium and high uric acid on the prevalence of
microalbuminuria. [Table 6]

Hypertension and Microalbuminuria: The results
in Table 7 indicate the association between
hypertension and microalbuminuria. [Table 7]

BMI and Microalbuminuria: Table 8 shows the
mean BMI of patients with and without
microalbuminuria. [Table 8]

Correlation Analysis: Table 9 summarizes the
correlation between serum magnesium, serum uric
acid, and microalbuminuria. [Table 9]

Logistic Regression Analysis: Table 10 presents
the logistic regression analysis to identify predictors
of microalbuminuria. [Table 10]

Table 1: Demographic Distribution. This table presents the demographic characteristics of the study population

Characteristic Value
Sample Size 100
Mean Age (years) 55+ 10
Gender (Male: Female) 60:40
Mean Duration of T2DM 8.5 + 4.2 years

Table 2: Glycemic Status. This table highlights the distribution of HbAlc levels among the study population

HbAlc Level (%) Frequency (n) Percentage (%)
<7.0 25 25
7.0-8.0 30 30
>8.0 45 45
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Table 3: Prevalence of Microalbuminuria. This table shows the proportion of patients with and without
microalbuminuria

Microalbuminuria Status Frequency (n) Percentage (%)

Present 45 45

Absent 55 55

Table 4: Serum Magnesium Levels and Microalbuminuria. This table highlights the significant inverse relationship
between serum magnesium levels and microalbuminuria

Microalbuminuria Status Mean Serum Magnesium (mg/dL)

Present 15+0.2

Absent 1.8+0.3

Table 5: Serum Uric Acid Levels and Microalbuminuria. This table shows the positive correlation between serum
uric acid levels and microalbuminuria

Microalbuminuria Status Mean Serum Uric Acid (mg/dL)

Present 65+1.1

Absent 53+0.9

Table 6: Combined Effects of Serum Magnesium and Uric Acid Levels. This table shows the synergistic impact of
hypomagnesemia and hyperuricemia on microalbuminuria

Group Prevalence of Microalbuminuria (%)
Hypomagnesemia + Hyperuricemia 85
Normal Magnesium + Uric Acid 25

Table 7: Hypertension and Microalbuminuria. This table shows the prevalence of hypertension among patients with
and without microalbuminuria

Hypertension Status Frequency (n) Percentage (%)

With Microalbuminuria 40 90

Without Microalbuminuria 32 58

Table 8: BMI and Microalbuminuria. This table highlights the significant association between higher BMI and the
presence of microalbuminuria

Microalbuminuria Status Mean BMI (kg/m?)

Present 28.5+3.2

Absent 25.1+2.8

Table 9: Correlation Analysis. This table shows the strength and significance of relationships between key variables

Parameter Correlation Coefficient (r) p-value
Magnesium vs. Microalbuminuria -0.42 <0.01
Uric Acid vs. Microalbuminuria 0.38 <0.01

Table 10: Logistic Regression Analysis. This table identifies the factors significantly associated with
microalbuminuria

Predictor Odds Ratio (95% CI) p-value
Hypomagnesemia 3.2(1.5-6.8) <0.01
Hyperuricemia 2.8(1.3-5.4) <0.01
HbAlc > 8% 45 (2.1-9.2) <0.01
DISCUSSION with existing evidence that hypomagnesemia

exacerbates oxidative stress and inflammation,
thereby accelerating renal damage.[*%
2. Serum Uric Acid and Microalbuminuria:
A positive correlation (r = 0.38, p < 0.01) was
noted between serum uric acid levels and
microalbuminuria. Hyperuricemia is known to
induce endothelial dysfunction and renal
vasoconstriction, contributing to albuminuria
progression.[*1:12
Combined Effects:

The present study evaluated the associations
between serum magnesium levels, serum uric acid
levels, and microalbuminuria in patients with type 2
diabetes mellitus (T2DM). The findings provide
important insights into the pathophysiological
relationships underlying diabetic nephropathy and
highlight the potential of these parameters as
predictors for early nephropathy.

Key Findings 3.

1.

o

Serum Magnesium and Microalbuminuria: ©

A significant inverse correlation (r = -0.42, p <
0.01) was observed between serum magnesium
levels and microalbuminuria. Patients with
microalbuminuria had lower serum magnesium
levels compared to those without, consistent

Patients with both hypomagnesemia and
hyperuricemia exhibited the highest prevalence
of microalbuminuria (85%), indicating a
synergistic  effect of these metabolic
abnormalities on nephropathy risk. This
emphasizes the multifactorial nature of diabetic
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nephropathy and the importance  of
comprehensive metabolic control,[1314

4. Prevalence of Microalbuminuria:

o Microalbuminuria was present in 45% of the
study population and more common in patients
with poor glycemic control (HbAlc > 8%). This
finding underscores the importance of
maintaining optimal glycemic control to reduce
nephropathy risk.[15161

Comparison with Existing Literature

The findings are consistent with previous studies.

Hypomagnesemia has been associated with

increased  insulin  resistance and  vascular

complications in T2DM, while hyperuricemia has
been identified as a risk factor for both hypertension
and renal dysfunction.'”28 Similar studies by

Johnson et al. (2019) and Kumar et al. (2020)

reported comparable associations between these

parameters and microalbuminuria in diabetic
patients.[®20]

Strengths of the Study

1. Comprehensive evaluation of metabolic
parameters, including serum magnesium and
uric acid levels, in relation to microalbuminuria.

2. Use of standardized laboratory methods and
robust statistical analysis to ensure reliable
results.

3. Identification of combined effects, highlighting
the need for multifaceted therapeutic
approaches.

Limitations

1. Cross-sectional Design

o The study design limits the ability to infer
causality between the measured parameters and
nephropathy progression.

2. Single-Center Study

o The findings may not be generalizable to all
populations due to the limited geographic
scope.

Clinical Implications

1. Early Detection
Monitoring serum magnesium and uric acid
levels in T2DM patients can help identify those
at risk for early nephropathy, facilitating timely
interventions.

2. Targeted Management
Correcting hypomagnesemia and addressing
hyperuricemia may serve as adjunctive
strategies to delay nephropathy progression
alongside glycemic control.

Future Directions

1. Longitudinal studies are needed to establish

causal relationships between these parameters
and nephropathy.
Research  into  therapeutic  interventions
targeting magnesium and uric acid levels could
provide new strategies for nephropathy
prevention.

CONCLUSION

Conclusion: This study demonstrates a significant

association between serum magnesium levels, serum

uric acid levels, and microalbuminuria in patients
with type 2 diabetes mellitus (T2DM). The findings
highlight the following key insights:

1. Inverse Relationship: Low serum magnesium
levels were inversely associated with
microalbuminuria, emphasizing the potential
role of magnesium deficiency in the progression
of diabetic nephropathy.

2. Positive Correlation: Elevated serum uric acid
levels were positively correlated  with
microalbuminuria, indicating its contributory
role in renal damage through mechanisms such
as endothelial dysfunction and oxidative stress.

3. Combined Effects: Patients with concurrent
hypomagnesemia and hyperuricemia had the
highest prevalence of microalbuminuria,
suggesting a synergistic impact of these
metabolic abnormalities on nephropathy risk.

4. Microalbuminuria Prevalence: The study
revealed a high prevalence of microalbuminuria
in T2DM patients, particularly those with poor
glycemic control and hypertension,
underscoring the need for comprehensive
metabolic monitoring.

Clinical Implications: The study underscores the
importance of monitoring serum magnesium and
uric acid levels as part of routine care in T2DM
patients. Early detection and correction of these
metabolic ~ derangements, alongside  optimal
glycemic control, can potentially delay the onset and
progression of diabetic nephropathy.

Future Directions: Further longitudinal studies are

needed to establish causal relationships and assess

the long-term benefits of targeting serum
magnesium and uric acid levels in preventing
diabetic nephropathy.
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