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Background: Diabetes mellitus (DM) is considered to be a significant universal public health issue.
According to the American Society of Retina Specialists, diabetic retinopathy (DR) is a complication of
diabetes that damages retinal blood vessels. A Japanese study showed that HbA1C values can be
considered as predictors for the development of DR. Thus, this study aimed to determine the correlation
between HbAlc level and Diabetic Retinopathy. Methods: A descriptive cross-sectional study was
conducted at the Department of Ophthalmology, Combined Military Hospital Kharian, from February
2024 to July 2024. Patients of either gender between 40 to 80 years of age with type 2 diabetes mellitus
were included in this study. Complete ophthalmic examination was carried out of each patient. HbAlc
was measured by standardized assay using high performance liquid chromatography. The data was
analyzed using Statistical Package for Social Sciences (SPSS) version 26. Results: Out of 246 patients,
42.7% were male and 57.3% female, with a mean age of 49.26+11.47 years and a mean HbAlc of
9.11£2.54. The overall prevalence of diabetic retinopathy (DR) was 57.7%, with 52.8% having NPDR
and 49% PDR. DR prevalence increased with diabetes duration and was significantly higher in those
with HbAlc levels between 7-9.9%(p=0.000). The logistic regression identified age, duration of
diabetes, and HbA 1c levels as critical factors associated with the risk of DR. The odds ratio for HbAlc
indicates higher levels are associated with increased DR risk (p<0.005). Conclusion: This study
concluded that duration of diabetes and HbA1c level are important risk factors for onset or progression
of Diabetic retinopathy in type 2 Diabetes and the patients with poor glycaemic control had severe
diabetic retinopathy as compared to the patients with good diabetic control. There is a direct relation
between HbA ¢ level and the severity of diabetic retinopathy.
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INTRODUCTION

Type-2 diabetes mellitus consists of a range of
dysfunctions characterized by increased blood glucose
levels, resulting from the combined effect of insulin
resistance, inadequate insulin secretion, and excessive
or inappropriate glucagon secretion.! According to
WHO, Diabetes Mellitus is a group of metabolic
disorders characterized by hyperglycaemia resulting
from defective insulin secretion, insulin resistance or
both together. If a person has more than two readings
of fasting blood glucose of >126 mg/dl or glycated
haemoglobin (HbAlc) >6.5% or 2-hour post-
prandial glucose level of >200 mg/dl, he is diagnosed
as a case of Diabetes Mellitus.> Data shows that in
2017, 451 million people were having diabetes
mellitus and by 2045, the cases are expected to be as
high as 693 million due to the increasing trend
towards sedentary lifestyle. This makes diabetes as
one of the largest health issues of 21% century
worldwide.> Inadequate glycaemic control and
duration of diabetes are the most important risk

factors among others for diabetic retinopathy. Other
risk factors include obesity, hypertension,
socioeconomic status, proteinuria, dyslipidaemia,
and pregnancy.* Elevated HbA 1c levels, which reflect
the average blood glucose concentration over the past 2—
3 months, have been consistently associated with an
increased risk of diabetic retinopathy® and is considered
an independent risk factor for diabetes complications.®’
Hyperglycaemia induces a series of inflammatory and
ischemic changes include increased basement membrane
thickness, neovascularization of retina, leukostasis and
generation of fibrovascular tissue at the vitreoretinal
interface leading to diabetic retinopathy.® Diabetic
retinopathy (DR), including diabetic maculopathy, is a
microvascular complication of DM and the leading cause
of visual disability in adults of working age in developed
countries.’” Proliferative diabetic retinopathy affects 5—
10% of diabetic patients.!”

This study aims to assess the relationship
between HbAlc levels and diabetic retinopathy in
type 2 diabetes mellitus.




MATERIAL AND METHODS

After approval from institutional review board, written
informed consent with demographic variables was
collected from every patient. The study was conducted in
a total of 246 patients between 40—80 years of age with
type-II diabetes were included in this study, irrespective
of their gender. The sample size was calculated by WHO
criteria, keeping prevalence of 0.8%, 95% confidence
interval and 5% of margin of error and 75% of response
rate from our target population. Our inclusion criteria for
the classification and diagnosis of DM were the new set
criteria for diabetes adapted by American Diabetes
Association (ADA) by in 1997 (1). Patients with
secondary diabetes (acromegaly, Cushing’s syndrome
etc.) were not included in this study.

A descriptive cross-sectional study was
conducted at the Department of Ophthalmology,
Combined Military Hospital Kharian, from February to
July 2024. Complete ocular examination including best
corrected visual acuity, slit lamp biomicroscope,
Goldmann Applanation tonometry and direct and indirect
ophthalmoscopy of all the included patients was done by
single classified eye specialist. Based on their
fundoscopic findings they were classified into three
groups as follow:

Group 1: No Diabetic Changes / DR (Normal fundus)
Group 2: NPDR

Group 3: PDR

HbAc levels were classified in 4 groups as follow;
Group I: <6

Group II: 6.1-6.9

Group III: 7-9.9

Group IV: >10

According to the duration of diabetes the patients were
divided into three groups. First group consisted of
patients who were diabetic for

Groupl: <5 years

Group 2: 6-10 years

Group 3: >10 years

Data was collected on specially designed Performa and
analyzed using SPSS version 26. Frequency and
percentages were used for categorical data while
meantSD was determined for numerical data. Chi-
square test was used to compare categorical variables
between groups of subjects. Logistic Regression analysis
was performed to find out effective factors for the
relationship between DR and, HbAlc and duration of
diabetes with a p-value<0.05 considered to be statistically
significant.

RESULTS

The demographic / clinical characteristics of the patients
are presented in Table-1, out of 246 patients, 105(42.7%)
are males and 141(57.3%) females. The mean age of
patients is 49.26+11.47 years and mean HbA1c levels are
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9.114£2.54. Out of 246 Diabetic patients, 3 groups are

formed according to duration as 102 patients (41.55%)

with <§ years, 79 patients (32.1%) with 6 and 10 years

and 65 patients (26.4%) with >10 years. 21 patients

(8.5%) had an HbAlc level of <6%, 8 (3.3%) between

6.1 and 6.9%, 150 (61%) between 7.0% and 7.9% and 67

(27.2%) >10%. In this study the overall frequency of

Diabetic Retinopathy (DR) was 57.7% (52.8% have

NPDR and 49% have PDR) whereas, (42.3%) have no

DR.

In Table-2, DR observed higher trend in
females as compared to males. Females have reported
higher cases of NPDR 75(53.2%) and PDR 11(7.8%)
than males (NPDR 55(52.8%) and PDR 1(0.9%).

When diabetic patients were grouped according
to the duration of diabetes, those with diabetes for less
than 5 years had the lowest number of NPDR cases, with
30 cases (29.4%). For patients with diabetes lasting
between 6 and 10 years, 52 cases (65.8%) of NPDR were
reported. The highest number of NPDR cases was
observed in patients with diabetes for more than 10 years,
with 48 cases (73.8%). A statistically significant
difference of NPDR cases was found more in those
patients who have diabetes for more than 10 years
(p=0.000).

The frequency of DR varied according to HbAlc levels:

e In patients with an HbAlc of <6.0%, 11% (7 out of
142) had DR.

e In those with an HbAlc between 6.1% and 6.9%,
1.4% (2 out of 142) had DR.

e In patients with an HbAlc between 7% and 9.9%,
59.2% (84 out of 142) had DR.

e In patients with an HbAlc >10%, 31.7% (45 out of
142) had DR.

A statistically significant difference in DR frequency was

found, with a higher prevalence of DR in patients with

HbA Ic levels between 7% and 9.9% (p=0.000).

The results of the logistic regression analysis
indicated that the overall model goodness-of-fit was
significant, with a p-value of 0.005.

e Age: Significant predictor with a chi-square value of
80.7, < 0.000.

e  Duration of Diabetes: Strongly predictive with a chi-
square value of 62.4, p<<0.000.

e HbAlc Levels: Significant predictor with a chi-
square value of 24.1, p=0.005.

e  Gender: Lesser influence with an odds ratio of 1.36
(95% CI:0.820-2.282), indicating no statistical
significance.

The odds ratio for gender of 1.36 suggests a positive

association between being female and having DR, but

the wide confidence interval (0.820-2.282) means that
this result is not statistically significant. The effect
could be small or could be due to random variability
in the sample data. The odds ratio for the duration of




diabetes group with a 95% Cl is 0.056 (-3.692—-1.663),
and the odds ratio for HbAlc levels with a 95% CI is
0.186 (0.014-0.233).

The logistic regression identified age,
duration of diabetes, and HbAlc levels as critical
factors associated with the risk of DR. The odds ratio
for HbA lc indicates higher levels are associated with
increased DR risk.

Table-4 shows sensitivity and specificity for
Diabetic Retinopathy (DR) at different HbA 1c cutoffs.
The area under the curve (AUC) is 0.554 which is not
acceptable & represents a model with low sensitivity
and low specificity shown in Fig-1.
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Figure-1: ROC curve of Sensitivity & Specificity

of HbAlc levels

Table-1: Demographic variables

Characteristics No. of Patients (%)
Gender

Male 105 (42.7%)
Female 141 (57.3%)
Age (in years) 49.26+11.47
HbAIc levels 9.1142.54
Diabetes Groups

<5 years 102 (41.5%)
6 to 10 years 79 (32.1%)
>10 years 65 (26.4%)
HbAlc levels Grouping

Group I 21 (8.5%)
Group II 8 (3.3%)
Group III 150 (61%)
Group IV 67 (27.2%)
Diabetic Retinopathy (DR)

No DR 104 (42.3%)
DR 142 (57.7%)
DR Stages

No DR 104 (42.3%)
NPDR 130 (52.8%)
PDR 12 (4.9%)

Table-2: Relationship between Clinical characteristics and Diabetic Retinopathy (DR)
Characteristics No. of Patients (%) No. of Patients with DR p-value
Gender No DR NPDR PDR 0.036*
Male 105 (42.6%) 49(46.6%) 55(52.3%) 1(0.95%)

Female 141 (57.3%) 55(39%) 75(53.1%) 11(7.8%)
Diabetes Groups 0.000%*
<5 years 102 (41.4%) 71(69.6%) 30(29.4%) 1(0.98%)
6-10 years 79 (32.1%) 27(34.1%) 52(65.8%) 0
>10 years 65 (26.4%) 6(9.2%) 48(73.8%) 11(16.9%)
HbAlc levels Groups 0.000*
Group I (<6) 21 (8.5%) 10(47.6%) 11(52.3%) 0
Group 1I (6.1-6.9) 8 (3.2%) 6(75%) 2(25%) 0
Group III (7-9.9) 150 (60.9%) 66(44%) 82(54.6%) 2(1.3%)
Group IV (>10) 67 (27.2%) 22(32.8%) 35(52.2%) 10(14.9%)

Table 3: Relationship between of HbAlc levels with Diabetic Retinopathy (DR)
Variables No. of Patients (%) No. of Patients with DR (%)
HbA Ic levels Groups No DR DR
Group I (<6 mmol/mol) 21(8.5%) 10(9.6%) 11(7.7%)
Group II (6.1 — 6.9 mmol/mol) 8(3.3%) 6(5.8%) 2(1.4%)
Group III (7 - 9.9 mmol/mol) 150(61%) 66(63.5%) 84(59.2%)
Group IV (>10 mmol/mol) 67(27.2%) 22(21.2%) 45(31.7%)
Total 246 (100%) 104(100%) 142(100%)
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Table-4: Sensitivity & Specificity of HbAlc levels with Diabetic Retinopathy (DR)

Variables No. of Patients (%) No. of Patients with DR (%) Sensitivity (%) Specificity (%)

HbAlc levels No DR DR

Group I (<6 mmol/mol) 21(8.5%) 10(9.6%) 11(7.7%) 97% 98%

Group I1 (6.1 — 6.9 mmol/mol) | 8(3.3%) 6(5.8%) 2(1.4%) 92% 38%

Group III (7 - 9.9 mmol/mol) 150(61%) 66(63.5%) 84(59.2%) 57% 52%

Group IV (>10 mmol/mol) 67(27.2%) 22(21.2%) 45(31.7%) 16% 7%
DISCUSSION diagnosed with DR was 17% and 83%, respectively.?

DR is a specific microvascular complication of
diabetes.!'"!? The type and duration of diabetes,
hyperglycaemia, dyslipidaemia and increased blood
pressure are well known associated risk factors for
development and progression of DR. Diabetic
retinopathy is the leading cause of blindness and early
predictor of cascading complications.'3

HbA1C measurement is regarded as the
“gold standard” indicator for glycemic control in
diabetic patients, reflecting glucose levels over a 2—3
months period.'* At present, the target HbA1C level
differs in various diabetes guidelines worldwide.
According to guidelines of American diabetes
association, the target HbA1C level should be <7.5%
in children and <7% in adults.!> Whereas in UK,
recommended HbA1C level by National Institute for
Health and Care Excellence is <6.5% for children and
adults both.'® The International Society for Paediatric
and Adolescent Diabetes further reduces the target
HbA1C level to <7%.!7

In this study the frequency of diabetic
retinopathy, both NPDR and PDR was higher (59.2%)
in the group with HbA1C level of more than 7%, while
in the group with HbA1C level less than 6.0%, the
frequency was low (7.7%). Our findings were
consistent with another cross-sectional study that
found the potential to develop DR in patients with an
HbAlc>7% was 17.5 times more than those with good
control.'® Another study reported that patients with an
HbAlc >7% were 1.9 times more likely to have DR
than those with an HbAlc <7%." Our data
demonstrate a correlation of lower HbA1C levels with
a lower frequency of DR. By reducing the blood
glucose or HbA1C concentrations in patients with
diabetes reduces the rate of progression of
microvascular complication such as DR, nephropathy
and neuropathy.!*2!

In our study, the frequency of DR was 57.7%
(52.8% have NPDR and 4.9% have PDR). According
to the IDF, China (140.9 million), India (74.2 million),
Pakistan (33.0 million), and the USA (32.2 million)
had the highest number of diabetics in 2021.2 A
systematic review and meta-analysis performed by
Yang et al. in Asian patients with Type 2 Diabetes,
determined a prevalence of DR of 28% of which 6%
suffered from PDR and 27% were affected by NPDR,
the prevalence of PDR and NPDR in patients already

The most important risk factor for DR is the duration.
24 The Cox regression model relates the severity of
retinopathy to longer duration, older age at
examination, and higher levels of glycosylated
haemoglobin for persons with diabetes of 10 years'
duration or less.> Our study also indicates an
association between longer duration of diabetes and
increased frequency of retinopathy. More NPDR and
DR frequency was found among those who have
diabetes for more than ten years duration.

This study comprising of 105 (42.6%) males
and 141 (57.3%) females. We found that the female
patients in our study were more likely to have diabetic
retinopathy than males. However, there was no
statistically significant association between DR and
gender (OR: 1.36, 95% CI: 0.820-2.282, p= 0.0036),
aligning with previous studies by Valizadeh et al. %,
and Badawi et al.'3, showing inconclusive evidence of
gender’s role in DR development.

CONCLUSION

This study stated that the frequency of DR was 57.7%
(52.8% have NPDR and 4.9% have PDR). There was
a strong relationship between duration of diabetes and
DR (p=0.000) and a similar relationship between
HbA1C and DR (p=0.000). Our findings contribute
that by reducing the HbA1C levels or achieving ADA
criteria can prevent or delay the onset / or progression
of microvascular complications such as diabetic
retinopathy. Regular  screening for diabetic
retinopathy and tighter glycaemic control could reduce
the frequency of vision-threating retinopathy.
Limitation of Study

The study sample was small to extrapolate to regional
and national trends. Treatment modalities and their
cost implications were not discussed. Long term
follow up and outcome of the treatment modalities was
not discussed.
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