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Abstract

Background: Microvascular complications are a significant concern in patients
with type 2 diabetes mellitus. Glycated hemoglobin (HbALc) is a critical marker
for long-term glycemic control. This study investigates the relationship between
HbAlc levels and the prevalence of microvascular complications in type 2
diabetes mellitus. Materials and Methods: A retrospective cohort study was
conducted on 100 patients with type 2 diabetes mellitus. Patient demographics,
HbAlc levels, and the presence of microvascular complications (diabetic
retinopathy, nephropathy, and neuropathy) were recorded. The association
between HbAlc levels and microvascular complications was analyzed using t-
tests and multivariate logistic regression. Result: The mean age of the patients
was 58 years (SD = 8), with 56% males and 44% females. The mean duration
of diabetes was 10 years (SD = 4). The mean HbAlc level was 8.2% (SD = 1.5).
Microvascular complications were present in 35% of patients for diabetic
retinopathy, 28% for diabetic nephropathy, and 40% for diabetic neuropathy.
Patients with diabetic retinopathy had a mean HbA1c of 9.1% compared to 7.7%
in those without (p = 0.002). For diabetic nephropathy, the mean HbAlc was
8.8% versus 7.9% (p = 0.015), and for diabetic neuropathy, it was 8.7% versus
7.8% (p = 0.005). Multivariate analysis revealed that each 1% increase in
HbAlc was associated with higher odds of retinopathy (OR: 1.8, p = 0.001),
nephropathy (OR: 1.5, p = 0.02), and neuropathy (OR: 1.6, p = 0.007).
Conclusion: Higher HbAlc levels are significantly associated with the
prevalence of microvascular complications in patients with type 2 diabetes
mellitus. Maintaining optimal glycemic control is crucial to reducing these risks.

INTRODUCTION

months.®! Numerous studies have demonstrated that
poor glycemic control, as indicated by higher HbAlc
levels, is associated with an increased risk of

Type 2 diabetes mellitus (T2DM) is a chronic
metabolic  disorder characterized by insulin
resistance and relative insulin deficiency.™l It is
associated with a variety of long-term complications,
including microvascular complications such as
diabetic retinopathy, nephropathy, and
neuropathy.>®1 These complications significantly
contribute to the morbidity and mortality associated
with diabetes, leading to diminished quality of life
and increased healthcare costs.!

Glycated hemoglobin (HbAlc) is a widely used
biomarker for long-term glycemic control, reflecting
average blood glucose levels over the preceding 2-3

developing microvascular complications in patients
with T2DM.I However, the exact relationship
between HbAlc levels and the prevalence of these
complications  requires  further  elucidation,
particularly in different population subsets.

This retrospective cohort study aims to investigate
the relationship between HbAlc levels and the
prevalence of microvascular complications in
patients with T2DM. By examining a cohort of 100
patients, we seek to quantify the impact of glycemic
control on the risk of developing diabetic retinopathy,
nephropathy, and neuropathy. Understanding this
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relationship is crucial for developing effective
management strategies aimed at minimizing the risk
of complications and improving the overall prognosis
for patients with T2DM.

MATERIALS AND METHODS

Study Design and Period: This retrospective cohort

study was conducted over a period of one year, from

May 2023 to April 2024, at the Department of

Biochemistry, Kakatiya Medical College, Warangal.

Study Population: The study included 100 patients

diagnosed with type 2 diabetes mellitus (T2DM).

Patients were selected based on the following

inclusion and exclusion criteria:

Inclusion Criteria

o Diagnosed with T2DM for at least 5 years.

o Age between 40 and 75 years.

e Auvailability of complete medical records,
including HbAlc levels and documentation of
microvascular complications.

Exclusion Criteria

e Patients with type 1 diabetes mellitus or
gestational diabetes.

e Incomplete medical records.

e Presence of macrovascular complications or other
severe comorbidities7 that could confound the
results.

Data Collection: Data were collected from the
medical records of the patients, including
demographic information (age, gender), duration of
diabetes, HbAlc levels, and the presence of
microvascular complications. Microvascular
complications were categorized as diabetic
retinopathy, nephropathy, and neuropathy based on
the following criteria:

Diabetic  Retinopathy:  Diagnosed  through

fundoscopic examination by an ophthalmologist.

Diabetic Nephropathy: Determined by the presence

of microalbuminuria or elevated serum creatinine

levels.

Diabetic Neuropathy: Diagnosed based on clinical

examination and nerve conduction studies.

HbAlc Measurement: HbAlc levels were

measured using high-performance liquid

chromatography (HPLC) at the Department of

Biochemistry, Kakatiya Medical College. The most

recent Hb Alc value within the study period was used

for analysis.

Statistical Analysis: Data were analyzed using SPSS

software (version 26.0). Descriptive statistics were

used to summarize patient demographics, HbAlc
levels, and the prevalence of microvascular
complications. The association between HbAlc
levels and the presence of microvascular

complications was assessed using independent t-

tests.

Multivariate logistic regression analysis was

performed to adjust for potential confounders,

including age, gender, and duration of diabetes. Odds
ratios (ORs) and 95% confidence intervals (Cls) were
calculated to quantify the risk of microvascular

complications associated with each 1% increase in
HbAlc levels.

Ethical Considerations

The study protocol was reviewed and approved by
the Institutional Ethics Committee of Kakatiya
Medical College. Patient confidentiality was
maintained by anonymizing personal information,
and all data were stored securely. As this was a
retrospective study, informed consent was waived by
the ethics committee.

RESULTS

Patient Demographics: Out of the 100 patients
included in the study, the mean age was 58 years (SD
= 8), with 56% males and 44% females. The mean
duration of diabetes was 10 years (SD = 4) (Table 1).
Glycated Hemoglobin (HbAlc) Levels

The mean HbAlc level was 8.2% (SD = 1.5). The
distribution of HbAlc levels among the patients was
as follows: 20% had HbAlc levels less than 7.0%,
35% had levels between 7.0% and 8.0%, and 45%
had levels greater than 8.0% [Table 2].
Microvascular Complications

The prevalence of microvascular complications in the
cohort was 35% for diabetic retinopathy, 28% for
diabetic nephropathy, and 40% for diabetic
neuropathy [Table 3].

Association Between HbAlc Levels and
Microvascular Complications

A significant association was found between higher
HbAlc levels and the presence of microvascular
complications. Patients with diabetic retinopathy had
a mean HbAlc level of 9.1% compared to 7.7% in
those without retinopathy (p = 0.002). Similarly,
patients with diabetic nephropathy had a mean
HbAlc level of 8.8% compared to 7.9% in those
without nephropathy (p = 0.015). For diabetic
neuropathy, the mean HbAlc levels were 8.7% in
affected patients versus 7.8% in those without
neuropathy (p = 0.005) [Table 4].

Multivariate Logistic Regression Analysis

After adjusting for potential confounders such as age,
gender, and duration of diabetes, the odds of having
microvascular complications increased significantly
with each 1% increase in HbAlc level. The adjusted
odds ratio (OR) for diabetic retinopathy was 1.8 (95%
Cl: 1.3-2.5, p = 0.001), for diabetic nephropathy was
1.5 (95% CI: 1.1-2.1, p = 0.02), and for diabetic
neuropathy was 1.6 (95% CI: 1.2-2.3, p = 0.007)
[Table 5].
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Table 1: Patient Demographics.

Demographic Characteristics Mean (SD) / Percentage
Age (years) 58 (8)

Gender

Males 56%

Females 44%

Duration of Diabetes (years) 10 (4)

Table 2: HbAlc Levels Distribution

HbAlc Level Number of Patients Percentage
<7.0% 20 20%
7.0%-8.0% 35 35%
>8.0% 45 45%
Total 100 100%
Mean HbALc (%) 8.2 (15)
Table 3: Microvascular Complications Prevalence
Complication Present (n) Percentage Absent (n) Percentage
Diabetic Retinopathy 35 35% 65 65%
Diabetic Nephropathy 28 28% 72 2%
Diabetic Neuropathy 40 40% 60 60%
Table 4: Mean HbAlc Levels by Microvascular Complication
Complication Mean HbAlc (%) p-value
Diabetic Retinopathy
Present 9.1
Absent 7.7 0.002
Diabetic Nephropathy
Present 8.8
Absent 7.9 0.015
Diabetic Neuropathy
Present 8.7
Absent 7.8 0.005
Table 5: Adjusted Odds Ratios for Microvascular Complications
Complication Adjusted Odds Ratio (95% CI) p-value
Diabetic Retinopathy 1.8 (1.3-2.5) 0.001
Diabetic Nephropathy 15(1.1-2.1) 0.02
Diabetic Neuropathy 1.6 (1.2-2.3) 0.007

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)

ISSN (O): 2687-5365; ISSN (P): 2753-6556

84




DISCUSSION

This study investigates the relationship between
glycated hemoglobin (HbAlc) levels and the
prevalence of microvascular complications in
patients with type 2 diabetes mellitus (T2DM). Our
findings indicate a significant association between
higher HbAlc levels and an increased risk of diabetic
retinopathy,  nephropathy, and  neuropathy,
underscoring the importance of stringent glycemic
control in preventing these complications.

The study revealed that patients with higher HbAlc
levels were more likely to develop microvascular
complications. Specifically, the mean HbAlc levels
were significantly higher in patients with diabetic
retinopathy (9.1% vs. 7.7%, p = 0.002), nephropathy
(8.8% vs. 7.9%, p = 0.015), and neuropathy (8.7% vs.
7.8%, p = 0.005). Multivariate logistic regression
analysis confirmed that each 1% increase in HbAlc
was associated with an increased risk of retinopathy
(OR: 1.8, p = 0.001), nephropathy (OR: 1.5, p =
0.02), and neuropathy (OR: 1.6, p = 0.007).

Our results align with previous research
demonstrating that poor glycemic control is a major
risk factor for the development of microvascular
complications in T2DM. For example, Qu et al8.
(2022) found that visit-to-visit HbAlc variability in
adults with T2DM is associated with an increased
risk of microvascular complications, emphasizing the
need for consistent glycemic control. Similarly, Shao
et al9. (2022) highlighted the association between
long-term HbAlc variability and functional
limitations, suggesting that fluctuations in HbAlc
levels may contribute to the development of
complications over time.

The UK Prospective Diabetes Study (UKPDS)
demonstrated that intensive glucose control
significantly reduces the risk of microvascular
complications. Zoungas et al,l% (2012) extended
these findings, showing that specific glycemic
thresholds are associated with vascular complications
and mortality in T2DM patients. Our study adds to
this body of evidence by providing contemporary
data from a cohort of patients in Warangal, India.
Further supporting our findings, Carral et al,[tl
(2021) reported that the presence of microvascular
complications is associated with poor metabolic
control in patients with type 1 diabetes mellitus,
highlighting the broader implications of glycemic
management across different types of diabetes .
Sartore et al,l* (2023) conducted a meta-analysis
updating the relationship between long-term HbAlc
variability and vascular complications, confirming
that consistent and stable HbAlc levels are crucial in
mitigating risks .

Kim et al,[*%1 (2021) emphasized that achieving target
HbAlc levels promptly after diagnosis is associated
with durable glycemic control and a lower risk of
complications, underscoring the importance of early
and aggressive intervention in diabetes management.
In another study, Kim et al,[**l (2012) discussed the

role of HbAlc in screening for diabetes mellitus,
further supporting the utility of HbAlc as a critical
marker for diabetes management and complication
prevention.

Clinical Implications

The strong association between HbAlc levels and
microvascular complications underscores the need
for effective diabetes management strategies aimed at
achieving optimal glycemic control. Clinicians
should prioritize regular monitoring of HbAlc levels
and implement personalized treatment plans to
maintain HbAlc within target ranges. Patient
education on the importance of glycemic control,
adherence to medication, lifestyle modifications, and
regular screening for complications are critical
components of comprehensive diabetes care.
Limitations

This study has several limitations. First, the
retrospective design may be subject to selection bias
and does not allow for the establishment of causality.
Second, the study was conducted at a single center,
which may limit the generalizability of the findings
to other populations. Third, potential confounders
such as socioeconomic status, diet, physical activity,
and medication adherence were not accounted for in
the analysis. Future studies should consider these
factors and employ prospective designs to validate
our findings.

CONCLUSION

This study highlights a significant relationship
between higher HbA1lc levels and the prevalence of
microvascular complications in patients with T2DM.
Maintaining optimal glycemic control is crucial in
reducing the risk of these complications. These
findings reinforce the importance of regular HbAlc
monitoring and comprehensive diabetes management
to improve patient outcomes.
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