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One of the most serious complications of type 2 diabetes(T2DM)is diabetic nephropathy, which
can eventually lead to kidney failure. While microalbuminuria is commonly used to detect early
kidney damage, relying on it alone may not be enough. Additional markers could help improve
early detection and timely treatment. Objectives: To look at how HbAIC levels, a key indicator of
blood sugar control, relate to microalbuminuriain people with T2DM. Also, to explore how HbA1C
correlates with other markers of kidney function, including the albumin-to-creatinine ratio
(ACR), serum urea, creatinine, fasting blood sugar (FBS), and random blood sugar (RBS).
Methods: The study included 250 participants: 200 patients with T2DM and 50 healthy
individuals matched by age and sex. Those with hypertension, kidney disease, urinary tract
infections, or other health issues were excluded. Blood and urine samples were collected.
Hemoglobin A1C was measured using high-performance liquid chromatography (HPLC), and A1C
was calculated. Data were analyzed using SPSS-20, and correlations were assessed with
Pearson's coefficient. Results: Compared to healthy controls, diabetic patients had
significantly higher levels of FBS, RBS, HbA1IC, serum urea, creatinine, and microalbuminuria.
Higher HbA1C levels were linked with worse kidney function, suggesting that poor blood sugar
control may signal early kidney damage. Conclusions: It was concluded that monitoring both
HbA1C and microalbuminuria offers a better chance of catching kidney problems early in T2DM
patients.Adding both markers to routine screenings could help delay or prevent serious kidney
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INTRODUCTION

T2DM is a highly prevalent chronic metabolic disorder
worldwide, and its prevalence is continuously increasing,
soareits complications[1,2]. The number of adult diabetic
patients worldwide has exceeded more than 500 million,
out of which 20% have end-stage renal damage, whichis a
major health issue [3]. Approximately 537 million persons
worldwide were expected by the International Diabetes
Federation (IDF) to have diabetes by 2021, with type 2
diabetes accounting for more than 90% of these cases[4].
The prevalence is particularly concerning in Pakistan,
where, according to the IDF, 26.7% of people had diabetes

in 2022, rankingit third in the world behind China and India.
“The News,” one of the leading newspapers of Pakistan,
published an article on diabetes, according to which
Pakistan ranked third in the prevalence list of diabetes
worldwide after India and China [5]. T2DM is the most
common metabolic syndrome caused by disturbed
carbohydrate metabolism, impaired insulin secretion, or,
most of the time, insulin resistance due to blocking
antibodies, resulting in hyperglycemia. In the absence of
glucose, the tissue starts producing energy by lipolysis or
proteolysis [6]. Simultaneous production of energy by
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sources other than glucose in T2DM leads to an increased
production of various dangerous byproducts like advanced
glycation end products, ketones, and free radicals. The
microvasculature of T2DM patients is the first organ to be
affected by these byproducts, resulting in microvascular
disorders, especially neuropathy, nephropathy, and
retinopathy [7-9]. Diabetic nephropathy is one of the
feared complications of T2DM, causing progressive
damage to renal tissues resulting in end-stage renal
disorder, and patients ultimately go for dialysis or renal
transplant. Due to the high prevalence of DM, diabetic
nephropathy cases have exceeded other causes of renal
damage, e.g. immune immune-mediated renal disorders
[10]. Diabetic kidney disease (DKD) is predicted to develop
in 20-50% of persons with type 2 diabetes[11]. According
toresearch, the prevalence of chronic kidney disease(CKD)
in diabetic people in Pakistan ranges between 12.5% to
29.9% [12]. Furthermore, 88% of diabetic individuals in a
Lahore research had albuminuria, suggesting a substantial
burden of renal problems [13]. The diagnosis of diabetic
nephropathy is mainly based on microalbuminuria and
estimated glomerular filtration rate. But it has been
observed that in those diabetic patients who have
disturbed glucose metabolism for a long time, the
detection of microalbuminuria alone does not reflect the
true picture of renal damage. This group of patients must
be advised to have their HbA1C along with
microalbuminuria to better assess the extent of renal
damage. HbAlcisasignificant test for monitoring glycemic
control, and it accurately provides a pattern of glucose
control for the last couple of months. HbATC is a steadfast
measure of chronic hyperglycemia, and it is also well
associated with the development of long-term
complicationsof DM[14-161].

Microalbuminuria alone may not accurately reflect early
renal damage in patients with long-standing type 2
diabetes, highlighting the need for additional markers.
However, limited local evidence exists on the combined
diagnostic value of HbAlc and microalbuminuria for early
detection of diabetic nephropathy. This study aims to
assessthe diagnostic value of microalbuminuriaand HbAlc
in the early identification of nephropathy in patients with
type 2 diabetes. Inorder to enable promptinterventions to
stop the progression to end-stage renal disease(ESRD), we
aim to correlate these indicators in order to identify
patientsatrisk of developing DN atan earlier stage.

METHODS

This analytical case-control study was conducted at Life
Care Molecular Lab, Karachi, from March 2023 to March
2024 in collaboration with Fazaia Ruth Pfau Medical
College. Ethical approval was obtained from the
Institutional Review Board of Fazaia Ruth Pfau Medical
College (IRB Ref: FRPMC/003/IRB/23). The sample size of
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250 participants was calculated using OpenEpi software,
considering a correlation coefficient (r) of 0.2 between
microalbuminuria and serum creatinine, with 80% power
and 95% confidence level. A non-probability purposive
sampling technique was employed. Among the 250
participants, 200 were diagnosed cases of type 2 diabetes
mellitus (T2DM) for at least 10 years and aged above 30
years, while the remaining 50 were age-matched healthy
individuals serving as controls with no history of diabetes
or renal disease. Diabetic patients were further stratified
into two groups based onthe urine albumin/creatinineratio
(ACR): Group 1with normal ACR(<30 mg/g)and Group 2 with
microalbuminuria (30-299 mg/g), as per National Kidney
Foundation (NKF) guidelines. In addition, T2DM patients
were stratified based on HbAI1C levels into well-controlled
(HbA1C <7.0%) and poorly controlled (HbA1C >7.0%), and by
disease durationinto two categories: 10-15 years and more
than 15 years. This stratification was done to better
understand the relationship between glycemic control,
severity/duration of diabetes, microalbuminuria, and
progression of nephropathy. The controls were selected
based on normal fasting blood sugar (FBS), random blood
sugar (RBS), and HbAIC levels, with no known renal or
systemic illnesses. To ensure homogeneity of the sample,
the following exclusion criteria were applied to diabetic
patients: those with acute or chronic kidney disease from
non-diabetic causes, hypertension, cardiovascular
diseases, chronic infections, malignancies, autoimmune
disorders, pregnancy, or use of nephrotoxic drugs were
excluded. Patients with urinary tract infections or any
systemic disease were also not included in the diabetic
group. All participants were instructed to fast overnight for
12 hours before sample collection. A total of 7mL of venous
blood was collected under aseptic conditions. The samples
were processed accordingly: 2 mLin EDTA tubes for HbA1C
analysis using high-performance liquid chromatography
(HPLC), which was chosen over immunoassay or enzymatic
methods due to its superior analytical precision,
reproducibility, and ability to detect hemoglobin variants,
making it a gold-standard method for HbA1C measurement
in clinical and research settings. Additionally, 2 mL in
fluoride tubes was used for FBS measurement, TmL in a
separate fluoride tube for RBS, and the remaining in gel
tubes for estimation of serum urea and creatinine using
chemiluminescence. Spot urine samples were collected
for the assessment of microalbumin and creatinine, and
the ACR was calculated by dividing albumin (mg) by
creatinine (g). The primary outcome variables included
microalbuminuria (defined by ACR 30-299 mg/g), HbA1C
level, serum urea, and serum creatinine, while secondary
variables included age, sex, duration of diabetes, FBS, and
RBS. Microalbuminuria was considered an early marker of
diabetic nephropathy. Data were recorded using a
structured proforma and entered into Microsoft Excel.
Statistical analysis was performed using SPSS version 20.

PJHS VOL. 6 Issue. 05 May 2025 Copyright ® 2025. PJHS, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License. 03




HbATC: Microalbuminuria Function in Type 2 Diabetic Patients

QamarNetal.,

Mean and standard deviation (SD) were calculated for
continuous variables. Independent sample t-tests and
ANOVA were applied to compare means between diabetic
and control groups. Pearson correlation analysis was
performed among diabetic patients to explore
relationships between HbA1C, ACR, and serum creatinine.
A p-value of <0.050 was considered statistically significant
throughout the study.

RESULTS
The study included 250 participants, divided into three

Table 1: Comparison of Biochemical Parameters Among Study Groups
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groups: Group A (Control group): 50 healthy individuals,
Group B: 100 T2DM patients with normoalbuminuria, Group
C: 100 T2DM patients with microalbuminuria Results
summarize the mean values + SD of various biochemical
parameters across the three groups and demonstrates
statistically significant differences in all parameters as
nephropathy progresses. The mean values of glycemic
(HbAIC, FBS, RBS) and renal parameters (urea, creatinine)
significantly increased with worsening albuminuria status
amongdiabetic patients(Table1).

Parameter Group A (Control) Group B (Normoalbuminuria) Group C (Microalbuminuria) p-value (ANOVA)
FBS(mg/dL) 88.00+10.00 165.00 + 35.00 205.00 +40.00 <0.001
RBS(mg/dL) 130.00 +15.00 250.00+ 45.00 300.00 £50.00 <0.001
Urea(mg/dL) 30.00+5.00 48.00£10.00 62.00+15.00 <0.001

Creatinine (mg/dL) 1.00+£0.20 1.70+0.80 2.50+1.10 <0.001

HbAI1C (%) 5.20+0.40 7.20+1.00 10.10£2.00 <0.001

Microalbumin (mg/dL) 15.00 +5.00 25.00+4.00 120.00 £50.00 <0.001

The following table presents the correlation coefficients of microalbuminuria with glycemic and renal markers in diabetic
patients (Groups B and C combined). Findings show a strong correlation of microalbuminuria with serum creatinine, and a
moderate correlation with HbA1IC, confirming the relationship between poor glycemic control and progressive renal

impairmentin T2DM patients(Table 2).

Table 2: Correlation Between Microalbuminuria and Biochemical
Markersin T2DM Patients

Parameter Pearson'sr p-value Interpretation
FBS 0.190 0.001 Mild positive correlation
RBS 0.240 0.001 Mild Positive Correlation
Urea 0.155 0.020 Weak But Significant
Creatinine 0.799 <0.001 Strong Positive Correlation
HbA1C 0.659 <0.001 [ Moderate Positive Correlation

DISCUSSION

Diabetic nephropathy is a serious and most feared
complication of diabetes mellitus affecting the
microvasculature of the kidneys, resulting in end-stage
renal disease. Worldwide data from the International
Diabetes Federation states that almost 30-40% of diabetic
patients may develop chronic kidney damage, resulting in
renal failure. Likewise, 80% of diabetics with hypertension
lead to end-stage renal failure[17, 18]. Diabetic patients are
ten times more prone to have chronic kidney disease,
accompanied by increased morbidity and mortality among
diabetic patients [19]. The prevalence of diabetic
nephropathyisincreasingas the diabetic poolis expanding
worldwide, and it needs marked improvement in strategic
plans for the prevention of diabetic nephropathy [20, 21].
Microalbuminuria is an early indicator of diabetic
nephropathy. About 30-40% of diabetic patients may
develop microalbuminuria-related nephropathy within ten
years, and the majority of these patients develop end-
stage renal disease. Estimation of HbA1C provides
accurate and precise information about glycemic status,

and it accurately defines the cumulative glycemic history
of the preceding two to three months. Besides, it is well
correlated with the increasing risk of diabetic
complications, especially nephropathy [22]. In our study,
FBS, RBSin the control group are found to be 80 mg/dl and
120 mg/dl, respectively, with HbAIC below 6.0 %. While
group land group 2 have increased FBs and RBs levels with
HbA1C more than 6.2 %. Similarly, ureaand Creatinine were
also found to be within normal range with normal HbAIC,
while Group 1and Group 2 showed increased levels of both
urea and Creatinine with increased HbAI1C.
Microalbuminuria also showed a significant direct
proportional relationship with HbA1C in both diabetic
groups. These findings are by the results given by [23, 24].
The present study also showed a significant correlation of
microalbuminuria with HbA1C (p-value=0.0001)and(r=0.65)
as shown by [25]. Similar results were given by [26], which
also showed a significant correlation between
Microalbuminuriaand HbATC. The strong point of our study
is the precise and accurate measurement of HbAIC and
microalbuminuria, and it proves that good glycemic control
by HbA1TC can minimize microalbuminuria detection
through resulting in the decreased progression of diabetic
nephropathy. Eventhough ourresearch showsastronglink
between high HbAIC levels and microalbuminuria, it's
crucial to take into account possible confounding factors
like obesity, hypertension, dyslipidemia, and nephrotoxic
medication use that could also play arole in the onset and
progression of diabetic nephropathy. To reduce the impact
of these confounders. According to our predetermined
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exclusion criteria, patients with hypertension were not
allowed to participate in the study. Because hypertension
isaknownrisk factor forrenalimpairmentand may have led
to higher microalbuminuria levels on its own, skewing the
correlation with HbAIC, this was crucial [1]. Another
significant confounding factor is obesity, which can
worsen kidney disease by encouraging glomerular
hyperfiltration and insulin resistance. Although not
specifically mentioned in our study, anthropometric
measurements (waist circumference, BMI) should be used
in future studies to account for the possible impact of
obesity [27]. Our study's strength is the precise
measurement of HbA1C using HPLC and the detection of
microalbuminuria using chemiluminescence, both of
which support the idea that strict glycaemic management
helps prevent early renal involvement in diabetes patients.
We recommend adding reqular HbA1C and
microalbuminuria tests to the routine clinical follow-up of
all type 2 diabetic patients according to our results.
Although annual or biennial microalbuminuria screening
may help in early detection of renal impairment, HbA1C
must be assessed every three months to monitor long-
term glycaemic control. Ultimately, this holistic approach
will reduce the burden of diabetic nephropathy by allowing
for timely intervention and early detection of high-risk
patients.

The study islimited by arelatively small sample size and the
exclusion of key confounding factors such as obesity and
dyslipidemia, which may influence the results. Additionally,
its cross-sectional design restricts the ability to establish
causal relationships between HbA1C and
microalbuminuria. Future studies should include larger,
multicenter populations and adopt longitudinal designs to
better establish causal relationships. Additionally,
incorporating confounding factors such as BMI, lipid
profile, and medication use would provide a more
comprehensive understanding of diabetic nephropathy
progression.

CONCLUSIONS

It was concluded that the consequences of T2DM are
becoming more sensitive in terms of healthcare
expenditure in Pakistan, particularly concerning diabetic
renal disease.The damage to kidney tissue must be
identified early to avoid end-stage renal failure.This
research proves that both urine microalbuminuria and
glycosylated hemoglobin (HbA1C) are critical markers for
the optimal control of diabetes and nephropathy detection
in diabetes. Due to their interdependent relationship, the
evaluation of these two parameters can be beneficial for
both newly diagnosed and long-standing diabetic patients.
The routine performance of these tests by healthcare
providers will dramatically improve the management of
advancedrenalcomplicationsindiabetes patients.
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