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ABSTRACT

Diabetic retinopathy (DR) is a significant microvascular complication of diabetes leading to vision impairment and blindness. While various clinical
and biochemical parameters are linked with the severity of DR, there is no such study to ascertain these association in Bangladeshi population. This
cross-sectional study investigated the association of various biochemical and clinical parameters with the severity of non-proliferative diabetic
retinopathy in Bangladeshi patients. A cohort of 90 Bangladeshi patients with non-proliferative DR was recruited and followed for 8 months for
developing different stages of DR severity (mild, modern and severe). Visual acuity (VA), Non-Contact Tonometer (NCT) readings, and biochemical
parameters including C-reactive protein (CRP), random blood sugar (RBS), lipid profile (triglyceride, total cholesterol), serum ferritin, and vitamin D
levels were assessed using appropriate laboratory techniques. The average value for visual activities (V/A) in different stages of non-proliferative DR
is significantly different (p<0.001). In the same way, the average for Non-Contact Tonometer (NCT), C-reactive protein (CRP), Random Blood Sugar
(RBS), and Diastolic Blood Pressure is significantly different in different stages of non-proliferative DR. No significant associations were found with
lipid profile, serum ferritin, or vitamin D. Correlation analysis revealed a moderate positive correlation between RBS and NCT (r=0.225, p<0.05), and
significant negative correlations of V/A, NCT, and CRP, reinforcing the link between inflammation/ocular pressure and visual function. Linear
regression models identified CRP, RBS, and Duration of Diabetes as positive predictors for NCT, and total cholesterol (positive), CRP (negative), and
RBS (negative) as predictors for visual acuity. Our findings indicate that visual acuity, non-contact tonometer measurements, C-reactive protein, and
random blood sugar levels are significantly associated with the severity of non-proliferative diabetic retinopathy. These parameters serve as valuable
indicators for assessing DR progression and emphasize the critical roles of regular ophthalmic examinations and stringent glycemic control in
managing the disease. Longitudinal studies are needed to further validate these associations and their predictive power.
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Introduction

Diabetes mellitus is a chronic condition characterized by an associated with the severity of diabetic retinopathy (Valle,
absolute or relative lack of insulin and causes organ mutilation, Russo, and Malaguarnera 2021; Stanimirovic et al. 2022; Lin et
dysfunction, and failure, including the retina, heart, kidney, al. 2021; Tecilazich, Formenti, and Giustina 2021; Ouyang,
nervous system, and blood vessels (Singh et al. 2025). Anyone Zhou, and Wang 2023; Li et al. 2023). Patients with diabetic
with a history of long-term uncontrolled diabetes is potentially retinopathy had higher serum levels of the CRP than those
at risk of developing diabetic retinopathy at some stages (Duh, without diabetic retinopathy (Stanimirovic et al. 2022). The
Sun, and Stitt 2017). Diabetic retinopathy (DR) is an eye conclusion of a meta-analysis was that CRP level might be
condition that can cause vision loss and blindness in people who considered as a biomarker to determine the severity of diabetic
have diabetes. It threatens the sight of about 10% of people with retinopathy (Song et al. 2015b). A strong association were
diabetes (Tan, Endocrinology, and 2023 2023; Lin et al. 2021). found between DR progression and triglyceride (TG), systolic
It affects blood vessels in the retina. Diabetic retinopathy can blood pressure, and LDL-cholesterol in recent studies (Alattas
be proliferative (growing) or non-proliferative (not growing) et al. 2022; Ezhilvendhan et al. 2021). A number of clinical
(Z. Yang et al. 2022). Several biochemical parameters such as tests are available to assess the severity of diabetic retinopathy,
the serum levels of C-reactive protein (CRP), lipid profile, including the visual acuity (VA), non-Contact Tonometer
serum ferritin and Vitamin D levels have been shown to be (NCT) and Fluorescein angiography (FA) tests (Glassman et al.
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n.d.; Mukherjee et al. n.d.; Qureshi et al. n.d.). While the
number of people diagnosed with diabetic retinopathy is
increasing in Bangladesh, the combined correlation of theses
clinical parameters and the above-mentioned biochemical
parameters with the severity of diabetic retinopathy is yet to be
investigated.

To our knowledge, there is no report on the severity of diabetic
retinopathy and lipid profile, serum ferritin, vitamin D and CRP
levels of the DR patients in Bangladesh. Thus, the aim of the
study is to determine the association of lipid profile, serum
ferritin, vitamin D and CRP levels in diabetic retinopathy and
their association with different stages of the disease.

Materials and Methods

Study Population and related ethical approval

The study was approved by the ethical review committee of the
department of Biochemistry and Molecular Biology, University
of Dhaka. The study was designed as a cross-sectional study
with purposive sampling of diabetic retinopathy (DR) patients
at the Lion Eye Institute and Hospital, Dhaka, Bangladesh. A
total of 90 patients with mild non-proliferative diabetic
retinopathy were enrolled for the study. The inclusion criteria
include diabetic retinopathy patients of both genders with no
age limit. The mild non-proliferative DR patients were followed
for 8 months and their data were collected for the progression
into moderate and then severe non-proliferative DR. Prior to
enrollment of study participants, a written informed consent
along with the clinical information was collected from each of
the patient.

Sample Collection and Processing

Approximately, 5.0 mL of blood specimens were collected
from the DR patients at three time points (mild, moderate and
severe stages of non-proliferative DR). Serum was separated
after centrifugation of the whole blood at 25009 for 10 minutes.
Then it was aliquoted in different tubes and stored at -20°C for
different types of analysis.

Visual acuity (VA)

The visual acuity test determines how small the letters on a
standardized chart (Snellen chart) or a card held 20 feet (6
meters) away can be read. When testing at distances less than
20 feet, special charts are used (6 meters). All study participants
underwent VA test.  Additionally, Keeler Non-Contact
Tonometer (NCT) (Desktop) was used for measuring NCT.
Estimation of Serum Vitamin D, CRP, Ferritin, and lipid
Serum levels of 25-hydroxyvitamin D was measured using the
chemiluminescence immunoassay, following the method
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described by Han et al, 2020 (Han et al. 2020). Similarly, the
serum levels of CRP, Ferritin, and lipid profiling was performed
using standard protocols of the suppliers.

Statistical Analysis

All collected data were entered into a Microsoft Excel
spreadsheet and subsequently analyzed using SPSS Statistics
Version 26.0. Descriptive statistics were used to summarize the
baseline characteristics of the study participants, presenting
continuous variables as mean + standard deviation (SD). To
assess the association of biochemical and clinical parameters
with the severity of non-proliferative diabetic retinopathy
(mild, moderate, and severe stages), appropriate comparative
analyses were performed. One-way Analysis of Variance
(ANOVA) was utilized for comparing continuous variables
across the three DR severity groups. Pearson's correlation
coefficient (r) was employed to evaluate the strength and
direction of linear relationships between continuous variables,
such as RBS, VA, NCT, CRP, triglyceride, total cholesterol,
ferritin, and vitamin D. Finally, linear regression analysis was
conducted to identify significant predictors for key outcome
variables, specifically visual acuity (VA) and Non-Contact
Tonometer (NCT) readings. Independent variables included
CRP, RBS, lipid profile components, serum ferritin, vitamin D,
and duration of diabetes. The statistical significance level for
all analyses was set at p<0.05.

Results

There are three common stages of non-proliferative diabetic
retinopathy (DR): mild, moderate, and severe. One-way
ANOVA of the mean values for all quantitative variables based
on the different stages of non-proliferative DR shows that the
average value for visual activities (V/A) in different stages of
non-proliferative DR is significantly different with a p-value of
less than 0.001. In the same way, the average for Non-Contact
Tonometer (NCT), C-reactive protein (CRP), Random Blood
Sugar (RBS), and Diastolic Blood Pressure is significantly
different in different stages of non-proliferative DR (Table 1).
The average visual activities (VA) are 19.36 ft. in mild stage,
17.54ft. in moderate stage and finally 17.33 ft. in severe stage
of DR, indicating a significant association of the severity of DR
with VA. We did not find any statistically significant difference
in the levels of vitamin D, ferritin, lipid profile and RBS with
the different stages of DR. An interesting observation is that
there has been no significant change in the systolic blood
pressure in different stages which is almost the same but the
diastolic pressure is significantly decreased (Table 1).

Table 1. Average value of different variables for different stages of non-proliferative diabetic retinopathy with one-way ANOVA.

Variables Mild Moderate | Severe p-value
(n=90) (n=90) (n=90) (one-way ANOVA)
Visual acuity (V/A), ft 19.36 17.54 17.33 <0.001
Non-Contact Tonometer (NCT), 18.16 22.16 22.81 <0.001
mmHg
Lipid profile: Triglyceride (TG), 175.14 175.21 175.37 | 0.993
(mg/dL)
Lipid profile: Total Cholesterol 254.53 254.44 254.73 | 0.997
(TC), (mg/dL)
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Ferritin (ng/mL) 380.42 380.74 380.83 | 0.991
C-reactive Protein (CRP), (mg/dL) | 1.56 1.57 1.68 <0.001
Vitamin D (ng/mL) 16.06 16.06 15.53 0.132
RBS 17.29 17.29 19.03 <0.001
BP systolic 134.11 134.0 132.33 | 0.403
BP diastolic 89.33 89.22 87.11 0.005
Duration of DM 15.39 15.39 15.37 0.998

Here, one-way ANOVA suggested that at least one pair has
different means of the groups of each variable. To identify the
pairwise difference of the parameters, paired t-test was
performed and the results are presented in bar diagram (Figures
1-5).

Visual activities and Non-Contact Tonometer changes with
the severity stages of DR

The visual activity (V/A) test result indicates a gradual decrease
in the measurements of V/A (in feet) over time with the
progression of DR into moderate and severe stages (Figure 1A).

The results reveal that the mean value for the mild stage is
significantly higher from both the moderate and severe stages
of DR, with p-values less than 0.01 for both comparisons. This
indicates that patients in the mild stage experience considerably
higher mean values for visual activities than those in the other
stages. However, the difference in mean values between the
moderate and severe stages is not statistically significant, as
indicated by a p-value of 0.27 (Figure 1A).
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Figure 1. Cluster Bar diagram for comprising the means of V/A and NCT among different stages of DR. A. The bar chart compares
the mean values of visual activities (V/A) at different stages of non-proliferative diabetic retinopathy: mild, moderate, and severe. The
x-axis represents the three stages (mild, moderate, and severe), while the y-axis shows the mean values of visual activities in feet (ft).
B. The presented bar chart provides a clear comparison of the mean values for the variable labeled "NCT" across the three stages. The
x-axis illustrates these stages, while the y-axis displays the corresponding mean NCT values. Notably, the charts include statistical
significance (p-values) for pairwise comparisons between the stages.

For NCT (Figure 1B), the findings reveal that all pairwise
comparisons—mild & moderate, mild & severe, and moderate
& severe show statistically significant differences in mean NCT
values, as evidenced by p-values less than 0.01. This strongly
indicates significant differences in mean NCT values across all
stages. Specifically, we observe a progressive increase in mean
values from mild to moderate and from moderate to severe.
Different stages of DR maintain similar lipid profile

Figure 2, illustrates the comparison of mean triglyceride and
total cholesterol levels across the three stages of non-
proliferative diabetic retinopathy: mild, moderate, and severe.
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In figure 2A, the x-axis represents the stages, and the y-axis
shows the mean triglyceride values in mg/dL. Statistical
significance (p-values) for pairwise comparisons between the
stages is provided above the bars. The p-values for all
comparisons (mild & moderate, mild & severe, and moderate
& severe) are well above 0.05 (0.97, 0.91, and 0.94,
respectively). This indicates that there are no statistically
significant differences in triglyceride levels between any of the
stages of diabetic retinopathy. Additionally, the chart in figure
2B shows that total cholesterol levels remain consistent, with
no significant differences between the stages of DR.
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Figure 2. Cluster Bar diagram for comprising the levels of triglycerides and total cholesterol among different stages of DR. A.
The bar chart compares average total cholesterol levels in mg/dL across three stages: mild, moderate, and severe. The x-axis represents
pairwise comparisons, while the y-axis shows mean cholesterol values, with blue bars for mild, red for moderate, and green for severe.
B. The bar chart shows the mean levels of total cholesterol in mg/dL in the different stages of DR. P-values indicate statistical
significance.

No association of serum ferritin and vitamin D levels with The comparison between mild and moderate stages has a p-
the severity of DR value of 1, implying no difference in Vitamin D levels between
The bar chart in Figure 3A depicts the mean comparison of these groups (Figure 3B). Similarly, the comparisons between
ferritin levels across different stages: mild, moderate, and mild & severe (p = 0.074) and moderate & severe (p = 0.07)
severe. Additionally, the error bars at the top of each bar display suggest no statistically significant difference, although the p-
minimal variability, reinforcing the consistency of ferritin values are relatively close to the conventional 0.05 threshold.
levels across different stages. The chart suggests that ferritin This indicates that while there might be a slight decrease in
levels remain relatively stable, with no meaningful differences Vitamin D levels as severity increases, the difference is not
between mild, moderate, and severe groups. strong enough to be statistically significant.
A. B.
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Figure 3. Cluster Bar diagram for comprising the levels of serum Ferritin and vitamin D among different stages of DR. A. For
serum ferritin levels, the p-values are 0.92 for mild vs. moderate, 0.90 for mild vs. severe, and 0.98 for moderate vs. severe. These high
p-values suggest that there are no significant differences in ferritin levels among the different stages. The x-axis represents pairwise
comparisons between these stages, while the y-axis indicates the mean ferritin values. Each pair is represented by two colored bars: blue
for mild, red for moderate, and green for severe. B. The bar chart compares the mean values of Vitamin D across different severity
stages: mild, moderate, and severe. The bars are color-coded blue for mild, red for moderate, and green for severe. The y-axis represents
the mean Vitamin D values (ng/mL), while the x-axis categorizes the pairwise comparisons of the severity stages. Error bars are included
to show variability in the data, and p-values above each comparison indicate statistical significance.
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CRP and random blood sugar levels are associated with the
moderate and severe stages of DR

The comparison of serum CRP levels between the mild and
moderate stages of DR shows a p-value of 0.77, suggesting no
significant difference in CRP levels between these two groups
(Figure 4). However, the second and third comparisons,
between mild & severe and moderate & severe, both show p-
values of less than 0.01, indicating a statistically significant
difference in CRP levels. This suggests that CRP levels increase
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The comparison of random blood sugar levels between the mild
and moderate stages shows a p-value of 1, indicating no
significant difference in blood sugar levels between these two
groups (Figure 4B). However, the comparisons between mild &
severe and moderate & severe both have p-values of less than
0.01, suggesting a statistically significant increase in blood
sugar levels as severity progresses. This implies that severe
cases exhibit significantly higher blood sugar levels than both
mild and moderate cases.

significantly when progressing from mild to severe and from
moderate to severe stages.
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Figure 4. Cluster Bar diagram for comprising the means of CRP and RBS among different stages. A. The bar chart comparing the
mean values of C-reactive protein (CRP) across different severity stages: mild, moderate, and severe. The bars are color-coded—blue
for mild, red for moderate, and green for severe. The y-axis represents the mean CRP values, while the x-axis categorizes the different
pairwise comparisons of the severity stages. Error bars indicate variability in the data, and statistical significance is provided through p-
values above each comparison. B. The bar chart presents a comparison of the mean values of random blood sugar levels across different
severity stages: mild, moderate, and severe. The bars are color-coded blue for mild, red for moderate, and green for severe. The y-axis
represents the mean random blood sugar values, while the x-axis categorizes the different pairwise comparisons of the severity stages.
Error bars are included to represent variability in the data, and statistical significance is provided through p-values above each
comparison.

Association of blood pressure with different severity stages between "mild & moderate” (0.95), "mild & severe" (0.21), and
of DR "moderate & severe" (0.23) indicate that there are no
Data in Figure 5 shows the association of systolic and diastolic statistically significant differences between these stages. This
blood pressure with the stages of DR. For the systolic blood suggests that the mean values for high blood pressure remain
pressure plot in Figure 5A, the p-values for the comparisons relatively similar across different severity levels.

A. Comparison between different stages for systolic blood pressure B. Comparison between different stages for diastolic blood pressure
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Figure 5. Cluster Bar diagram for comprising the means of systolic (A) and diastolic (B) blood pressure among different stages
of DR. The bar charts present a comparison of the mean values of systolic (A) and diastolic (B) blood pressure levels across different
severity stages: mild, moderate, and severe. The bars are color-coded blue for mild, red for moderate, and green for severe. The y-axis
represents the mean systolic (A) and diastolic (B) blood pressure, while the x-axis categorizes the different pairwise comparisons of
the severity stages. Error bars are included to describe variability in the data, and statistical significance is provided through p-values
above each comparison.

1928



Jahan A. et. al. INVESTIGATING THE ASSOCIATION OF BIOCHEMICAL AND CLINICAL PARAMETERS ...

For the diastolic blood pressure plot in Figure 5B, the p-values for "mild & moderate™ (0.88) suggest no significant difference, but for
"mild & severe" and "moderate & severe," the p-values are both less than 0.01, indicating statistically significant differences between
these groups. This suggests that, unlike high blood pressure, there is a clear distinction in mean values between the severe stage and
the other two stages in cases of low blood pressure.

Correlation among the Variables

The data presented in Table 2 reveal several interesting correlations among the different variables. Firstly, a significant positive
correlation (r=0.152, p<0.01) between RBS and visual activity suggests that as RBS levels increase, Visual activity may tend to
increase. A moderate positive correlation (r=0.225, p< 0.05) was also observed between RBS and NCT (Table 2). These positive
correlations indicate a potential association between sugar levels and NCT, consistent with the understanding that individuals with
insulin resistance or type 2 diabetes often exhibit both hyperglycemia and dyslipidemia.

Furthermore, a positive correlation between RBS and triglyceride (r=0.153, p < .01) is observed in our dataset, but total cholesterol
(r=0.078) has an insignificant correlation with RBS. Ferritin has a small negative correlation (r = -0.185, p < 0.01) with RBS
indicating that the increase of RBS decreases the level of ferritin. While the CRP shows no significant correlation with RBS (Table 2).

Table 2. Correlation coefficient among all variables.

Variable RBS | VIA | NCT | TG TC | Ferritin | CRP | Vitamin | Diastolic | Systolic | duration
D BP BP
RBS 1.00
VIA 0.152 | 1.00
NCT
0225 | -0.494 | 1.00
TG 0.153 | 0.040 | 0.069 | 1.00
TC 0.078 | 0.104 | 0.010 | 0.752 | 1.00
Ferritin -0.185 | 0.066 | -0.022 | -0.128 | -0.018 | 1.00
CRP 0.013 -0.189 | 0.141 | 0.063 | 0.041 | -0.059 1.00
Vitamin D | 0045 | -0.033 | -0.011 | -0.069 | 0.073 | 0.017 0.111 1.00
D'aég)l'c -0.022 | 0.090 | -0.015 | 0.060 | 0.041 | -0.053 -0.051 | 0.025 1.00
Syggllc -0.064 | 0.153 | -0.097 | 0.210 | 0.244 | -0.209 -0.136 | 0.077 0.041 1.00
Duration | ;o6 | 0,086 | 0106 | 0.120 | 0120 | 0.084 -0.062 | -0.009 0.000 0.111 1.00
*Blue color significant at 5% level (moderate significant)
*Green color significant at 1% level (Highly significant)
There is also some negative correlation between RBS and Activity)" from three independent variables: Lipid profile TC
systolic and diastolic blood pressure but all the correlations are (total cholesterol), CRP (C-reactive protein), and RBS (random
insignificant. There are notably negative correlations between blood sugar). The intercept of the regression model is 20.261,
VI/A, NCT, and CRP, which are significant. Additionally, a and it is statistically significant with a p-value of less than
significant but weak correlation is observed between V/A and 0.001. This value represents the expected value of Visual
systolic blood pressure (r=0.153). While there is a weak Activity when all independent variables are zero. The
negative correlation between V/A, triglyceride, total coefficient for total cholesterol is 0.008 9Table 3), indicating
cholesterol, ferritin, diastolic blood pressure, Vitamin D, and that for each unit increase in total cholesterol, the predicted V/A
time duration, these are not statistically significant (Table 2). (Visual Activity) is increased by 0.008 units which is also
Further, two linear models for dependent variables visual statistically significant with a p-value of 0.037. The 95%
activities (VA) and NCT are prepared in Table 3 and Table 4 Confidence Interval for this association of V/A with total
respectively, with the covariates of triglyceride, total cholesterol is 0.001 to 0.015, confirming the low positive
cholesterol, ferritin, diastolic blood pressure, systolic blood association. Similarly, the coefficient for CRP is -1.481,
pressure, vitamin D, and time duration. By The backward indicating that for each unit increase in CRP, the predicted V/A
elimination method, we construct these models. This regression (Visual Activity) decreases by 1.481 units (95% Confidence
method is a stepwise technique used to build a simpler linear interval: -2.376 to -0.586) which is also statistically significant
regression model by removing variables that are not with a p-value of 0.001 (Table 3). The coefficient for RBS is -
significantly contributing to the model’s predictive power. This 0.097, suggesting that for each unit increase in RBS, the
method is especially useful when starting with many predictor predicted V/A (20 feet) decreases by 0.097 units (95%
variables and needing to identify the most relevant ones. Confidence Interval: -0.168 to -0.026) with a p-value of 0.007
Table 3 presents the results of a multiple linear regression suggesting strong statistical significance (Table 3).

analysis predicting the dependent variable "V/A (Visual
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Coefficient for linear regression model for visual activities with CRP, RBS, lower blood pressure, and their 95% confidence
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interval values.

Variables Coefficient 95% confidence interval p-value
Lower value Upper value
intercept 20.261 17.733 22.790 <0.001
Lipid profile TC 0.008 0.001 0.015 0.037
CRP -1.481 -2.376 -0.586 0.001
RBS -0.097 -0.168 -0.026 0.007

Table 4 represents the results of a regression analysis
constructed by the backward elimination method, with the
dependent variable being NCT and the independent variables:

being CRP (C-reactive protein), RBS (Random Blood Sugar),
and Duration (year) within specific ranges.

Table 4. Coefficient for linear regression model for NCT with CRP, and RBS along with 95% confidence interval.

Variables Coefficient 95% confidence interval p-value
Lower value Upper value

intercept 12.070 8.375 15.766 <0.001

CRP 1.833 0.382 3.283 0.013

RBS 0.228 0.114 0.343 <0.001

Duration 0.127 0.012 0.241 0.031

The intercept coefficient for NCT is 12.070 (Table 4), which is
the predicted value of the dependent variable (NCT) when both
CRP, RBS, and Duration are zero. The p-value is less than
0.001, indicating that the intercept is statistically significant.
The coefficient for CRP is 1.833, meaning for every 1-unit
increase in CRP, the dependent variable (NCT) is expected to
increase on average by 1.833 units (95% Confidence Interval:
0.382, 3.283). The p-value (0.013) is less than 0.05, indicating
that this predictor is statistically significant (Table 4). The
coefficient for RBS (Random Blood Sugar) is 0.228. For every
1-unit increase in RBS, the dependent variable (NCT) is
expected to increase on average by 0.228 units (95% confidence
intervals: 0.114, 0.343). The p-value is less than 0.001,
indicating that this predictor is strongly statistically significant.
Overall Interpretation is that both CRP, RBS, and Duration are
statistically significant predictors of the dependent variable,
NCT. CRP has a stronger effect (B = 1.735) compared to RBS
(B = 0.221) and Duration (0.127) on NCT. The confidence
intervals suggest that the coefficients for three variables are not
to be zero, confirming their influence on the model. This model
can predict NCT based on CRP, RBS and Duration values, with
a reasonable level of confidence and statistical significance.

Discussion

This cross-sectional study aimed to investigate the association
of various biochemical and clinical parameters with the severity
of non-proliferative diabetic retinopathy (DR) in Bangladeshi
patients. Our findings contribute to the understanding of DR
progression and the potential utility of certain biomarkers in its
assessment.

One of the most prominent findings of this study is the
significant changes observed in both Visual Acuity (VA) and
Non-Contact Tonometer (NCT) readings with the progression
of DR severity. Visual acuity, as expected, showed a significant
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decline from the mild stage to the moderate and severe stages,
reflecting the impact of the disease on vision. This is consistent
with the well-established understanding that DR is a leading
cause of vision impairment and blindness (Tan, Endocrinology,
and 2023 2023; Z. Yang et al. 2022; Biswas et al. 2024). Our
findings suggest that the progression from mild to moderate or
severe stage is associated with a significant decline in visual
activity performance. In contrast, the changes in visual
activities between the moderate and severe stages may be less
pronounced, indicating a possible plateau in the impact as the
condition advances from moderate to severe stage. For the
NCT, the result suggests that as the severity of diabetic
retinopathy progresses, there is a consistent and significant
change in the NCT variable. Such a pattern implies a direct
correlation between the NCT measure and the severity of non-
proliferative diabetic retinopathy. This progressive rise in NCT,
an indicator of intraocular pressure, suggests a direct correlation
between ocular tension and the worsening of non-proliferative
DR. While the exact mechanistic link requires further
investigation, this finding could imply that increased
intraocular pressure plays a role in the pathophysiology or
exacerbation of DR, or that the structural changes in the eye due
to DR contribute to altered NCT readings.

In terms of biochemical parameters, our study found no
statistically significant association between the severity of DR
and lipid profile components (triglyceride and total
cholesterol), serum ferritin levels, or vitamin D levels. This
finding for lipid profile contrasts with some previous reports (Li
et al. 2023; Jenkins, Grant, and Busik 2022; Cai et al. 123AD)
that have shown correlations between elevated total cholesterol,
triglyceride, and LDL levels with DR severity or progression.
The discrepancy might be attributed to differences in study
populations, methodologies, or the specific stage of DR studied.
Similarly, while some literature suggests an association of
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serum ferritin and vitamin D with diabetic complications
(Ouyang, Zhou, and Wang 2023; Tecilazich, Formenti, and
Giustina 2021; Valle, Russo, and Malaguarnera 2021), our
study did not find these to be significantly different across the
mild, moderate, and severe non-proliferative DR stages. This
suggests that these specific biomarkers may not be reliable
indicators for distinguishing the severity of non-proliferative
DR in our study cohort.

Conversely, C-reactive protein (CRP) and Random Blood
Sugar (RBS) levels emerged as significant indicators of
advanced DR. While no significant difference was observed
between mild and moderate stages for both CRP and RBS, both
parameters were significantly elevated in severe DR compared
to both mild and moderate stages. This aligns with existing
literature indicating CRP as a potential biomarker for DR
severity, reflecting systemic inflammation associated with the
disease (X. Yang et al. n.d.; Qiu et al. 2020; Song et al. 2015a).
The significant increase in RBS in severe DR also underscores
the critical role of glycemic control in preventing DR
progression. This suggests that while mild and moderate non-
proliferative DR might not present with markedly different
inflammatory or glycemic profiles, severe forms of the disease
are characterized by a pronounced increase in these markers.
Regarding blood pressure, our study found no significant
difference in systolic blood pressure across the DR stages.
However, diastolic blood pressure showed statistically
significant differences only between the severe stage and the
other two stages, indicating a potential decrease in diastolic
pressure in severe cases. This observation requires further
exploration as the relationship between blood pressure
components and DR severity can be complex and influenced by
various factors.

The correlation analysis provided further insights. A significant
positive correlation between RBS and visual activity was
observed (r=0.152, p<0.01). While an increase in RBS is
generally associated with worse outcomes in diabetes, the
positive correlation with VA is counter-intuitive and warrants
careful interpretation. It is possible that this reflects a specific
sub-group dynamic or confounding factors within the dataset,
rather than a direct beneficial effect of higher RBS on VA. This
finding highlights the complexity of multi-parameter
interactions and the need for more nuanced analyses. A
moderate positive correlation was found between RBS and
NCT (r=0.225, p<0.05), which is more consistent with the
expectation that higher blood sugar levels can influence ocular
health and intraocular pressure. The positive correlation
between RBS and triglyceride (r=0.153, p<0.01) is also in line
with the understanding of metabolic dysregulation in diabetes.
The negative correlation between ferritin and RBS (r=—0.185,
p<0.01) is an interesting finding that contradicts some studies
suggesting elevated ferritin in diabetes; this could point to
specific iron metabolism dynamics in this population. The
significant negative correlations observed between V/A, NCT,
and CRP are also noteworthy, further solidifying the inverse
relationship between visual function/ocular pressure and
inflammatory markers in DR.

The linear regression models provided predictive insights. For
visual activity, total cholesterol showed a positive association,
while CRP and RBS were negatively associated. The positive
coefficient for total cholesterol is unexpected given the general
understanding of lipid's role in DR and may require further
investigation into potential confounding variables or specific
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mechanisms in this cohort. The negative association of CRP
and RBS with VA is logical, indicating that higher
inflammation and blood sugar levels are associated with poorer
visual outcomes. For NCT, the model showed positive
associations with CRP, RBS, and Duration of Diabetes. This
strongly suggests that elevated inflammation (CRP),
uncontrolled blood sugar (RBS), and longer disease duration
are significant predictors of increased NCT, reinforcing their
roles in DR progression and its impact on ocular health. The
findings suggest that these clinical and biochemical parameters
can serve as valuable predictors for assessing the severity of DR
and its associated ocular changes.

A limitation of this study is its cross-sectional design, which
precludes the establishment of cause-and-effect relationships.
The purposive sampling method, while efficient for patient
recruitment in a clinical setting, may limit the generalizability
of the findings. Future longitudinal studies with larger and more
diverse cohorts are needed to confirm these associations,
elucidate the underlying mechanisms, and explore the
predictive power of these biomarkers for DR progression over
time. Further investigation into the unexpected positive
correlation between RBS and VA, and the positive association
of total cholesterol with VA in the regression model, would also
be beneficial.

In conclusion, our study indicates that visual acuity and non-
contact tonometer measurements, along with C-reactive protein
and random blood sugar levels, are significantly associated with
the severity of non-proliferative diabetic retinopathy in
Bangladeshi patients. These findings highlight the importance
of regular ophthalmic examinations and strict glycemic control
in managing DR. While lipid profile, ferritin, and vitamin D did
not show significant associations in this cohort, the predictive
models for VA and NCT offer valuable insights for clinical
assessment.
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