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Abstract

Background: Diabetic kidney disease (DKD) is a progressive kidney disease
linked to diabetes mellitus and a primary cause of renal failure worldwide.
Early renal involvement is commonly detected through microalbuminuria,
which indicates subtle glomerular damage before advanced deterioration
occurs. Glycated hemoglobin (HbAlc) provides a reliable measure of long-
term blood glucose control and reflects overall metabolic regulation. This
study was designed to explore the relationship between microalbuminuria,
HbAlc levels, and duration of diabetes, and to evaluate their combined
significance in detecting patients at risk for the development of diabetic
kidney disease.

Materials and Methods: A case control study was carried out on 120
Individuals diagnosed with type 2 diabetes mellitus who visited Al Najaf
Specialized Center for Diabetic and Endocrinology center, Al Hakeem
General Hospital and Al Sadar Teaching Hospital in Najaf, Iraq hospital.
Patients were stratified according to the measurements of the urinary
albumin to creatinine ratio (UACR). HbA1c levels were measured by the fully
automated AFIAS system, urinary albumin to creatinine ratio (UACR) using
the fully Automated clinical chemistry analyzer [Cobas C 311(Hitachi High-
Technologies Corp. Tokyo Japan)]. Statistical analysis included ANOVA test
and chi-squared, Pearson correlation to determine the relationship between
HbA1c and Duration of DM and albuminuria.

Results: The mean age of the participants was 55.58 + 7.95 years, with an
equal ratio between males and females. A significant positive association
was noticed between albuminuria and HbA1lc (r =0.382, p < 0.001), Duration
of DM (r = 0.411, p < 0.001). The prevalence of moderate to severe
albuminuria was significantly higher in patients with a diabetes duration of
>10 years and HbA1c >8% than in those with a diabetes duration of <5 years
and HbAlc <7%.

Conclusion: The study indicated a positive association between albuminuria
and HbA1 and diabetes duration. Furthermore the study show a higher risk
of nephropathy are associated with poor glycemic control and longer
diabetes duration.

Introduction

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic
disorder characterized by persistent hyperglycemia
resulting from insulin resistance and/or impaired
insulin secretion. It represents one of the most
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prevalent non-communicable diseases worldwide and
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estimates that 853 million people worldwide will have
diabetes by 2050 [2].

Diabetic nephropathy (DN), a major cause of chronic
kidney disease and end-stage renal failure worldwide,
is still one of the most severe and incapacitating long-
term complications of type 2 diabetes [3]. The earliest
clinically detectable indicator of diabetic renal
involvement is generally accepted to be
microalbuminuria, which is defined as a urinary
albumin excretion rate of 30 to 300 mg/day [4]. Prior to
a noticeable drop in glomerular filtration rate, it
indicates early endothelial dysfunction and elevated
glomerular permeability [5]. In people with type 2
diabetes, persistent microalbuminuria is strongly linked
to an increased risk of cardiovascular morbidity and
mortality in addition to being predictive of progressive
renal impairment [6].

The duration of diabetes is an important determinant
in the development and progression of diabetic
nephropathy. Prolonged exposure to hyperglycemia
over time accelerates structural and functional
alterations in the renal microvasculature, thereby
increasing the likelihood of microalbuminuria and overt
nephropathy.  Several clinical  studies  have
demonstrated that a longer duration of T2DM is
significantly associated with a higher prevalence of
microalbuminuria and other microvascular
complications [7]. These findings emphasize the
importance of early diagnosis and sustained metabolic
control to mitigate long-term renal damage.

Effective glycemic control remains central to the
management and prognosis of T2DM. Glycated
hemoglobin (HbAlc) is considered the most reliable
indicator of long-term glycemic status, reflecting
average blood glucose levels over the preceding two to
three months [8]. Chronic hyperglycemia promotes
oxidative stress, which plays a critical role in the
pathogenesis of diabetes-related complications,
including nephropathy, neuropathy, and cardiovascular
disease [9]. Numerous studies have demonstrated a
significant association between poor glycemic control
and the development of microvascular complications,
particularly diabetic nephropathy [7]. Despite this
established relationship, the extent to which HbAlc
correlates with microalbuminuria and its potential
utility as a predictor of DN progression remains an area
of ongoing investigation. Kidney disease in patients
with T2DM is strongly linked to increased mortality risk,
underscoring the need for timely detection and
intervention [3].

The current study intends to determine the relationship
between glycated hemoglobin (HbAlc) levels and
microalbuminuria among patients with Type 2 Diabetes
Mellitus, and to assess whether poor glycemic control
and longer duration of diabetes are significantly
associated with albuminuria.
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Materials and Methods

This case-control study included 120 participants that
were diagnosed with type 2 diabetes mellitus (T2DM)
according to the criteria established by the American
Diabetes Association (ADA) [12]. Based on the
measurements of the urinary albumin to creatinine
ratio (UACR), the patients were subsequently organized
into the following groups: DN1 (Individuals diagnosed
with type 2 diabetes without nephropathy with normal
urinary albumin to creatinine ratio (UACR) <30 mg/g; 40
patients), DN2 (Individuals diagnosed with type 2
diabetes with nephropathy with urinary albumin to
creatinine ratio (UACR) 30-300 mg/g; 40 patients). And
DN3 (Individuals diagnosed with type 2 diabetes with
nephropathy with urinary albumin to creatinine ratio
(UACR) = 300 mg/g; 40 patients).

Exclusion criteria consisted of individuals diagnosed
with type-1 diabetes and those experiencing
gestational diabetes, patients with anemia, patients
with heart disease, patients with liver failure, patients
with malignant disease and patients with Chronic
kidney disease of non diabetic origin. The study took
place at Al Najaf Specialized Center for Diabetic and
Endocrinology center, Al Hakeem General Hospital and
Al Sadar Teaching Hospital in Najaf, Iraq, between April
2025 and August 2025. All participants in this study
have provided their agreement by signing a written
consent form. Permission was granted by the
Information Center for Research & Development in the
Al-Najaf Health Department, which falls under the
Ministry of Health, and located within Najaf Province
and are in line with the declaration of Helsinki.

Clinical and Biochemical Measurements
Anthropometric measurements such as age, gender,
duration of diabetes, height and weight were
documented. The body mass index (BMI) is calculated
using the formula for weight /height?. Blood samples
were collected after an overnight fast to measure
Glycated hemoglobin (HbAlc) wusing the fully
automated AFIAS system and urine samples were
obtained for the measurement of urinary albumin to
creatinine ratio (UACR) using the fully Automated
clinical chemistry analyzer [Cobas C311(Hitachi High-
Technologies Corp. Tokyo Japan)].

Statistical Analysis

All data were entered into Microsoft Excel and were
analyzed by using SPSS version 27 and the results were
expressed as Mean +SD and percentages. ANOVA and
Chi-squared, were used to assess the disparities among
groups. Pearson’s correlations was used to find out the
correlation coefficient (r-value) among HbAlc and
Duration of DM with albuminuria. A P value of less than
0.05 was considered as the significance threshold.
Results

The current study comprising 120 patients with type 2
diabetes mellitus. The average age of the study
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participants was 55.58 + 7.95 years. There was an equal
gender distribution, comprising ratio 60 males (50%)
and 60 females (50%).

From Table 1, the mean HbAlc levels increased
progressively across the albuminuria groups. Patients
with normoalbuminuria had a mean HbAlc of 8.08 +
1.1, compared to 9.66 + 1.85 in the microalbuminuria
group and 9.67 + 2.18 in the macroalbuminuria group.
The difference between groups was statistically
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significant (p < 0.001). Mean duration of diabetes also
showed statistically significant difference across the
groups (p < 0.001). The mean duration was 8.2 + 4.5
years in normoalbuminuria, and 9.8 * 4.5 years in
microalbuminuria, and 11.8 * 5.4 vyears in
macroalbuminuria. The longest duration of diabetes
was observed in patients with macroalbuminuria

group.

Table 1: Comparison of HbAlc and Duration of DM Levels across Albuminuria Groups

Group HbA1c (%) (Mean * SD) Duration of DM (Mean * SD)
Normoalbuminuria 8.08x1.1 8.2+4.5

Microalbuminuria 9.66 + 1.85 9.8+4.5

Macroalbuminuria 9.67 +2.18 11.8+5.4

p-value <0.001 <0.001

Albuminuria was found to positively correlate with
HbAlc levels and duration of diabetes mellitus (r =
0.382, <

0.001), (r=0.411, < 0.001), indicating that higher levels
of albuminuria are linked to poor glycemic control and

diabetes duration. Table 2 displays the distribution of
patients based on HbAlc categories and associated
albuminuria status.

Table 2: Distribution of Patients by HbAlc According to Albuminuria Groups

HbA1c Category (%) Normoalbuminuria Microalbuminuria Macroalbuminuria Total
Optimal control <7 8 3 4 15
Acceptable control 7-8 14 5 6 25
Poor control >8 18 32 30 80
Total 40 40 40 120

From Table 2, a greater proportion of patients with
HbAlc >8 % were observed in the microalbuminuria

and macroalbuminuria groups compared with those
with HbAlc <7%.

Table 3: Distribution of Patients by Duration of DM According to Albuminuria Groups

Duration of DM Normoalbuminuria Microalbuminuria Macroalbuminuria Total
<5 4 2 0 6
5-10 25 20 18 63
>10 11 18 22 51
Total 40 40 40 120

From Table 3, it is shown that patients with duration
diabetes of 5-10 years and >10% years were
represented across all albuminuria groups, whereas no
cases of macroalbuminuria were observed in patients
with duration of <5 years.

Discussion

The current study showed that among patients with
type 2 diabetes mellitus (T2DM), glycated hemoglobin
(HbA1c) levels and albuminuria were significantly
positively correlated. Patients with higher HbAlc levels
also had higher levels of macroalbuminuria and
microalbuminuria, suggesting that renal involvement is
closely linked to poor glycemic control. These results
align with previous research demonstrating that a

OphHO

higher risk of developing diabetic nephropathy is linked
to elevated HbAlc levels [4,5,10].

Analysis of HbAlc categories further strengthens this
association. Among patients with optimal glycemic
control (HbAlc <7%), only 3 had microalbuminuria and
4 had macroalbuminuria, compared with 8 patients
who remained normoalbuminuric. In contrast, among
those with poor glycemic control (HbAlc >8%), 32
patients had microalbuminuria and 30 had
macroalbuminuria, while only 18 remained
normoalbuminuric. This clear shift toward higher
albuminuria categories with increasing HbAlc
demonstrates the impact of inadequate glycemic
control on renal status. According to the American
Diabetes Association (ADA), HbAlc >7.0% reflects
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suboptimal glycemic control and is associated with
increased risk of microvascular complications,
particularly nephropathy [1]. Similar findings were
reported by Idowu et al., who identified higher HbAlc
levels as independent predictors of urinary albumin
excretion [7].

Microalbuminuria is generally acknowledged as an
early marker of glomerular injury in diabetes and
predicts progressive renal damage [11]. Asghar et al,
described microalbuminuria as the “tip of the iceberg”
in T2DM, empbhasizing its role as an early indicator of
underlying microvascular  pathology [11]. The
progressive increase in albuminuria across HbAlc
categories in this study affirms the importance of
rigorous glycemic management in postponing renal
complications.

Duration of diabetes also showed a clear association
with albuminuria severity. No cases of
macroalbuminuria were observed among patients with
diabetes duration less than five years. In contrast,
among those with duration greater than 10 years, 22
patients had macroalbuminuria and 18 had
microalbuminuria, compared with only 11 patients
remaining normoalbuminuric. Patients with duration
between 5-10 years were distributed across all
albuminuria groups, but the proportion of micro- and
macroalbuminuria increased with longer duration.
These findings indicate that prolonged exposure to
hyperglycemia contributes cumulatively to renal
microvascular damage [11].

The association between longer duration of diabetes
and nephropathy is well documented. Asghar et al.
reported significantly longer diabetes duration in
patients with albuminuria [11]. Similarly, Varghese et
al. demonstrated a significant relationship between
duration of diabetes and prevalence of
microalbuminuria [12]. Although Sana et al. observed
only a weak correlation between urinary albumin
creatinine ratio (UACR) and duration of diabetes [13],
broader evidence supports the progressive impact of
long-standing diabetes on renal function. Jin et al.
showed that longer duration of diabetes was associated
with declining renal function, reinforcing the concept of
time-dependent renal deterioration [14].

The combined effect of elevated HbAlc and longer
disease duration suggests a cumulative and synergistic
impact on renal injury. Patients with persistently poor
glycemic control over extended periods are at
particularly  high risk for progression from
microalbuminuria to macroalbuminuria. These findings
underscore the importance of early diagnosis,
sustained glycemic management, and regular screening
for albuminuria in patients with T2DM [11].

Although this study is limited by its case-control design
and modest sample size, the distribution patterns
observed in Tables 2 and 3 strengthen the evidence
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linking poor glycemic control and longer diabetes
duration with worsening albuminuria.

Conclusion

In conclusion, both elevated HbAlc levels and
prolonged duration of T2DM are significantly
associated with increased albuminuria. Strict glycemic
control and early monitoring remain essential
strategies to reduce the burden of diabetic
nephropathy.
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