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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is a major global health problem and is associated with several
microvascular complications, including diabetic nephropathy. Microalbuminuria is an early indicator of renal
involvement and reflects ongoing glomerular damage. Glycated hemoglobin (HbAlc) is an established marker of long-
term glycemic control and plays a critical role in predicting diabetic complications.

Objective: To evaluate the association between HbAlc levels and microalbuminuria in patients with T2DM and to
determine the role of HbAlc as a predictor of early diabetic nephropathy.

Methods: A hospital-based cross-sectional study was conducted among 100 patients diagnosed with T2DM at
Adichunchanagiri Institute of Medical Sciences, affiliated with Adichunchanagiri University. Adult patients aged >18
years with known or newly diagnosed T2DM were included. Patients with non-diabetic causes of proteinuria, pregnancy,
acute illness, or malignancy were excluded. Clinical evaluation included measurement of HbAlc, fasting blood sugar,
postprandial blood sugar, lipid profile, renal function tests, and urine albumin-to-creatinine ratio (ACR). Statistical
analysis was performed using Pearson correlation, chi-square test, and ANOVA.

Results: The mean age of participants was 53.1 + 10.8 years, with a male predominance (57%). The mean HbAlc level
was 7.44%. Microalbuminuria was present in 60% of participants. A strong positive correlation was observed between
HbAlc and urinary albumin levels (r = 0.914, p < 0.001). Patients with HbAlc >10% showed significantly higher
albuminuria compared to those with HbAlc <7.5%. Higher HbAlc levels were also associated with dyslipidemia and
hypertension.

Conclusion: Poor glycemic control is strongly associated with the presence and severity of microalbuminuria in T2DM
patients. Routine screening of HbA lc and microalbuminuria can facilitate early detection of diabetic nephropathy and
help prevent progression to chronic kidney disease.
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INTRODUCTION basement
Diabetes mellitus is a chronic metabolic disorder

characterized by persistent hyperglycemia resulting from

structural changes including glomerular
membrane thickening and mesangial expansion.

Glycated hemoglobin (HbAlc) reflects average plasma

defects in insulin secretion, insulin action, or both. The
prevalence of type 2 diabetes mellitus is rapidly increasing
worldwide and is associated with significant morbidity due
to microvascular and macrovascular complications. !
Diabetic nephropathy is one of the most serious
microvascular complications and is the leading cause of
chronic kidney disease globally. Microalbuminuria
represents the earliest clinically detectable stage of diabetic
nephropathy and serves as an important predictor for
progression to overt proteinuria and renal failure.?

Persistent hyperglycemia plays a central role in the
pathogenesis of diabetic nephropathy through mechanisms
such as advanced glycation end product formation,
oxidative stress, and activation of protein kinase
pathways.>® These biochemical pathways result in

glucose concentration over the preceding 2-3 months and
is widely used to monitor glycemic control. Poor glycemic
control has been shown to accelerate the development of
microvascular complications, including nephropathy.’-
Guidelines from the American Diabetes Association
recommend periodic screening for microalbuminuria in all
patients with type 2 diabetes mellitus.!” Similarly, the
Kidney Disease: Improving Global Outcomes guidelines
emphasize albuminuria as a key marker for early detection
and staging of chronic kidney disease.!!

Early identification of patients at risk allows timely
intervention and prevention of disease progression.
Therefore, the present study was undertaken to evaluate
the association between HbAlc and microalbuminuria in
patients with type 2 diabetes mellitus.
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MATERIALS AND METHODS

STUDY SETTING AND DURATION

This hospital-based cross-sectional study was conducted in
the Department of General Medicine at Adichunchanagiri
Hospital and Research Centre over a defined study period
of 18 months, from May 2024 to October 2025.

STUDY POPULATION

A total of 100 patients admitted to the General Medicine
department of Adichunchanagiri Hospital and Research
Centre and diagnosed with type 2 diabetes mellitus as per
ADA criteria were included in the study.

INCLUSION CRITERIA

Adults aged >18 years, known or newly diagnosed cases of
T2DM, and patients willing to provide informed consent
were included.

EXCLUSION CRITERIA

Pregnancy, acute infections or acute illness, malignancy,
known non-diabetic renal disease, and patients with
macroalbuminuria or overt nephropathy were excluded.

DATA COLLECTION

Detailed clinical history and physical examination were
performed for all participants. Investigations included
fasting blood sugar (FBS), postprandial blood sugar
(PPBS), glycated hemoglobin (HbAlc), renal function
tests (serum urea and creatinine), lipid profile, spot urine
albumin-to-creatinine ratio (ACR), and ultrasonography of
the abdomen when indicated. Microalbuminuria was
defined as urine ACR between 30 and 300 mg/g.

MICROALBUMINURIA

=PRESENT = ABSENT

Figure 1: Prevalence of microalbuminuria

CORRELATION BETWEEN HBA1C AND
MICROALBUMINURIA

A strong positive correlation was observed between
HbAlc and urine albumin levels (r = 0.914, p < 0.001).
Patients with HbAlc <7.5% showed significantly lower
albumin excretion, whereas patients with HbAlc >10%
showed markedly increased albumin levels. The severity of

STATISTICAL ANALYSIS

Statistical analysis was performed using standard statistical
software. Continuous variables were expressed as mean +
standard deviation and categorical variables as
percentages. Pearson correlation coefficient was used to
assess the relationship  between  HbAlc  and
microalbuminuria. Chi-square test and ANOVA were used
to compare categorical and continuous variables,
respectively. A p-value <0.05 was considered statistically
significant.

RESULTS

DEMOGRAPHIC CHARACTERISTICS

The mean age of study participants was 53.1 years. The
majority of patients belonged to the age group of 41-60
years. Males constituted 57% of the study population,
while females accounted for 43%.

GLYCEMIC PROFILE

The mean HbAlc level among participants was 7.44%.
Approximately 32% had HbAlc <7%, 45% had HbAlc
between 7% and 9%, and 23% had HbAlc >9%. This
distribution indicates a substantial proportion of patients
with suboptimal glycemic control.

PREVALENCE OF MICROALBUMINURIA
Microalbuminuria was detected in 60% of patients, while
40% had normal urine albumin levels. The prevalence
increased with longer duration of diabetes, higher HbAlc
levels, and the presence of hypertension (Figures 1 and 2).

Association of Microalbuminuria with HbAlc
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Figure 2: Association of microalbuminuria with HbAlc

microalbuminuria increased proportionally with increasing
HbA Ic categories (Figure 3).

ASSOCIATED RISK FACTORS

Patients with poor glycemic control also demonstrated
dyslipidemia, higher body mass index, and increased
prevalence of hypertension. These factors further
contribute to renal risk in T2DM patients.
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Correlation Between HbAlc and Microalbuminuria
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Figure 3: Correlation between HbA1lc and microalbuminuria

DISCUSSION

Diabetic nephropathy remains one of the most common
causes of end-stage renal disease worldwide. Early
detection through microalbuminuria screening plays a
critical role in preventing disease progression.’

In the present study, microalbuminuria was observed in
60% of patients, indicating significant early renal
involvement among patients with type 2 diabetes mellitus.
Similar findings have been reported in previous studies
evaluating the relationship between glycemic control and
albuminuria.”

Chronic hyperglycemia induces multiple metabolic and
hemodynamic changes, including increased formation of
advanced glycation end products and oxidative stress,
which contribute to glomerular damage.?-¢

The present study demonstrated a strong positive
correlation between HbAlc and urine albumin levels (r =
0.914), suggesting that worsening glycemic control is
associated with increased risk of nephropathy. These
findings are consistent with earlier studies that established
HbAlc as an important predictor of microvascular
complications.®!'? Screening strategies recommended by
the American Diabetes Association and Kidney Disease:
Improving Global Outcomes emphasize early detection
and aggressive glycemic control to reduce renal
complications.'®!!

Standard internal medicine references such as Harrison's
Principles of Internal Medicine also highlight the
importance of maintaining optimal HbAlc levels to
prevent diabetic nephropathy.!'4

1JDDT, Volume

Thus, the findings of the present study support the role of
HbAlc as a reliable marker for predicting early renal
involvement in type 2 diabetes mellitus.

LIMITATIONS

The limitations of this study include small sample size,
cross-sectional design that cannot establish a causal
relationship, and single-center study design. Further
multicenter longitudinal studies are required to validate
these findings.

CONCLUSION
This study demonstrates a strong and statistically
significant correlation between HbAlc levels and

microalbuminuria in patients with type 2 diabetes mellitus.
Poor glycemic control is associated with increased
prevalence and severity of microalbuminuria, indicating
early renal involvement.

Routine screening for microalbuminuria along with strict
glycemic control should be emphasized in all diabetic
patients to prevent progression to diabetic nephropathy and
chronic kidney disease.
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