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ABSTRACT

Background: Serum ferritin, ceruloplasmin, neutrophil-lymphocyte ratio
(NLR) and total antioxidant capacity (TAC) have an association in the
pathogenesis of type 2 diabetes mellitus and its progression to diabetic
retinopathy (DR). Aim: To evaluate the markers of inflammation (Serum
ferritin, ceruloplasmin and NLR) and total antioxidant capacity in diabetic
retinopathy.

Settings and Design: A cross-sectional observational study was conducted on
96 patients comprising of three groups, 32 T2DM patients complicated with
diabetic retinopathy, 32 T2DM patients without diabetic retinopathy and 32
healthy controls based on American Diabetes Association 2019 HbA1c¢% level
criteria and ophthalmic examination.

Methods and Materials: Estimation of serum insulin, ferritin, ceruloplasmin
and NLR was done on chemiluminescence based, immunoturbidimetric and
haematology analysers respectively. Serum TAC was assayed using ELISA
technology. Data was analysed using SPSS version 26.0.

Results: Mann Whitney U analysis showed that levels of HbA1c%, HOMA-IR,
ferritin, ceruloplasmin, NLR and TAC were significantly different among the
three study groups. Spearman test showed a significant positive correlation
between these parameters and an inverse correlation with TAC. The ROC curve,
shows TAC as the best predictor of diabetic retinopathy with AUC of 0.936
followed by ceruloplasmin (0.844), ferritin (0.760) and NLR (0.646).
Conclusion: Elevated levels of ceruloplasmin and ferritin coupled with
decreased TAC levels are good indicators for diabetic retinopathy and may be
used as a diagnostic tool to predict the occurrence of retinopathy.

Keywords: Ferritin, ceruloplasmin, NLR, Total antioxidant capacity, Diabetic
retinopathy.

INTRODUCTION

Diabetic retinopathy (DR) is a significant global
health problem, leading to vision loss and blindness
among adults and the elderly across the world.[Y! The
combination of multiple factors, including an
inflammatory response and oxidative imbalance,
contribute to microvascular irregularities in the
retina, such as neovascularization, macular edema,

and retinal detachment. These vascular changes are
indicative of progression of diabetic retinopathy
(DR) and serve as key markers of retinal injury. (345
In diabetes, elevated blood glucose levels stimulate
excessive production of reactive oxygen species
(ROS) via mechanisms such as glucose auto-
oxidation, dysfunction of the polyol pathway, non-
enzymatic protein glycation, and oxidative
breakdown of glycated proteins. The accumulation of
free radicals, coupled with weakened antioxidant

3054

International Journal of Medicine and Public Health, Vol 15, Issue 3, July-September 2025 (www.ijmedph.org)



defences, can harm cellular structures and contribute
to the onset of insulin resistance.[®

Ferritin, an iron storage protein, plays a key role in
the development of diabetic retinopathy by
promoting iron-induced oxidative stress,
inflammation and endothelial dysfunction. Increased
ferritin levels may reflect iron overload, which
enhances the generation of reactive oxygen species
(ROS) and contributes to diabetic complications. [’
Ceruloplasmin, a copper-binding glycoprotein,
functions as a late-phase acute protein and serves as
a prominent marker of low-grade chronic
inflammation.®)  Ceruloplasmin facilitates  the
incorporation of iron into transferrin while
preventing the formation of harmful iron byproducts.
During this redox reaction, oxygen is reduced
directly to water, which may also explain
ceruloplasmin’s ability to inhibit superoxide-induced
lipid peroxidation.”’

The neutrophil-to-lymphocyte ratio (NLR) represents
the balance between pro-inflammatory neutrophils
and anti-inflammatory lymphocytes. Multiple studies
have shown a positive correlation between high NLR
levels and severity of diabetic retinopathy (DR),
indicating that NLR may serve as a useful biomarker
for identifying individuals at risk of DR and tracking
its progression.[1%

The total antioxidant status (TAS) reflects the
combined effect of both endogenous and dietary
antioxidants within the system. Assessing TAS is
considered more meaningful than evaluating
individual antioxidant levels, as antioxidants function
synergistically to provide overall protection against
oxidative stress.'! Studies have demonstrated that
total antioxidant status (TAS) is markedly reduced in
diabetic patients with proliferative retinopathy
compared to those without retinopathy. [1>:13]
Therefore, early detection of DR and its management
is important to prevent disabling visual loss from DR.
The present study focuses on the early identification
of the disease process, thereby minimizing retinal
function loss and heralding an improvement in the
management of diabetic retinopathy.

MATERIALS AND METHODS

The study was conducted after taking ethical
clearance from the institutional ethics committee of a
tertiary care hospital in the national capital (ABVIMS
& Dr. RML Hospital)

Study design: Cross sectional observational study
Study group: Three groups comprising of 96
consenting adults, 32 patients with T2DM
complicated with diabetic retinopathy, 32 patients of
T2DM without diabetic retinopathy and 32 healthy
controls age and sex matched from patients visiting
OPD in the department of Medicine and
Ophthalmology and healthy controls from the general
population.

Study Period: 1% April 2023 to 30" June 2024.

Calculation of sample size: The required sample
size with 80% power of and 5% level of significance
was calculated as 32 patients in each of the study
groups. In this study 96 consenting adults (32 with
Type 2 Diabetes Mellitus without complications, 32
with diabetic retinopathy, and 32 age- and sex-
matched healthy controls), with no other diagnosed
systemic diseases or history of laser treatment and
ocular surgery for at least 12 months were included.
Candidates on anti-inflammatory drugs, antioxidants,
or omega-3 fatty acid supplements; individuals with
conditions causing oxidative stress such as
hypertension, atherosclerosis, Parkinsonism,
Alzheimer’s disease, inflammatory conditions,
chronic fatigue syndrome, asthma, or male infertility;
patients with T2DM who have other macro- or
microvascular complications or any ocular disease
affecting ocular circulation (e.g., glaucoma, age-
related macular degeneration, retinal vascular
occlusion, or inherited macular disease); patients
over 75 years of age; pregnant women; smokers; and
alcoholics were excluded from the study.
Clinical Examination: Anthropometric
measurements including height and weight was taken
according to standardized procedures. Body Mass
Index (BMI) was calculated as weight in kilograms
divided by height in square meters. Fundoscopic
examination was done by slit-lamp bio-microscopy
using + 90 D noncontact lens and indirect
ophthalmoscopy and presence or absence of DR was
confirmed.
Laboratory Investigations: 5-10 ml of fasting
venous blood sample was using aseptic techniques in
serum separator tubes (with additive clot activator
and gel for serum separation) or EDTA tubes. One
aliquot of the separated serum was used immediately
for assessment of biochemical parameters. EDTA
blood sample was used to make a slide for
haematological examination to compute NLR.
Assessment of TAC and ceruloplasmin was done
from the remaining serum stored at —20°C.
Estimation of routine biochemical parameters was
done on fully automated Vitros 5600 Chemistry
Analyzer (Ortho Diagnostics, Johnson &Johnson,
USA) using Reflectance Photometry technology.
Ceruloplasmin was analyzed on DxC 700 AU
Chemistry Analyzer (Beckman coulter) using
immunoturbidimetric ~ method.  Estimation  of
Complete blood count was done on Sysmex XN-10
Automated Haematology Analyzer. Estimation of
Insulin and Ferritin was done on fully automated
Vitros ECiQ using Chemiluminescence technology.
Insulin resistance was calculated using the
Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR), the formula for which is as
follows:
HOMA-IR= Fasting serum Insulin (uIU/ml) x
Fasting blood glucose (mg/dl)
405

The Human Total Antioxidant Capacity (T-AOC)
ELISA Kit (Catalog no. CK-bio-13742) (a manual
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immunoassay for the quantitative determination of
Total Antioxidant Capacity in human serum based on
the principle of double antibody sandwich technology
ELISA) was used for estimation of TAC). It has
Standard curve range: 100pmol/L-4000pumol/L,
Sensitivity: 10.0umol/L, Intra-assay CV%: <7%,
Inter-assay CV%: <10%.

Statistical Analysis

Quantitative variables were compared across the
three groups using Mann-Whitney U test, ANOVA
analysis and spearman’s Rho correlation used to
correlate quantitative parameters with each other. A
p value of <0.05 was considered as statistically
significant. The data was analysed using Statistical
Package for the Social Sciences (SPSS) version 26.0.

RESULTS

The demographic characteristics of the study population are represented in Table 1. The mean ages+standard
deviation of the T2DM with retinopathy, T2DM without retinopathy and control groups were 52 + 8,47 = 10

and 27 £ 2 years respectively.

Table 1: Demographic and anthropometric characteristics among study groups

Diabetics with Retinopathy Dlabet.lcs without Controls

Parameter (n=32) Retinopathy (n=32)
(n=32)
Age [ mean (SD)] 52 (8) 47 (10) 27(2)
Gender (%)

Male 15 (46 %) 15 (46 %) 23 (72 %)

Female 17 (54 %) 17 (54 %) 9 (8 %)
BMI [mean (SD)] 26.14 (3.28) 25.83 (2.99) 24.03 (2.73)

Serum biochemical marker levels and antioxidant status are shown in Table 2. Diabetic subjects with retinopathy
had higher FBG, HbA ¢, Insulin (F), HOMA-IR, TC, TG, ferritin, ceruloplasmin and NLR levels than diabetics
without retinopathy and control group. In contrast, HDL and TAC levels were higher in healthy control group.

Table 2: Biochemical parameters among study groups

Parameter [ mean (SD)] Diabetics wit_h Retinopathy D“;:)eitilncs;;lttl?;ut C(nltrols
(n=32) _ (n=32)
(n=32)
Fasting blood glucose (mg/dl) 165.97 (74.70) 153.13 (57.06) 93.38 (10.41)
HbAlc (%) 8.78 (1.38) 7.95(2.42) 4.60 (0.40)
Fasting Insulin (uIU/ml) 13.95 (11.06) 8.96 (6.77) 9.37(5.42)
HOMA-IR 102.36 (99.15) 59.19 (46.78) 39.16 (23.87)
Total cholesterol (mg/dl) 180.81 (58.51) 162.22 (44.72) 144.34 (26.33)
HDL (mg/dl) 40.69 (10.42) 43.78 (14.24) 66.28 (19.33)
Triglycerides (mg/dl) 180.66 (116.93) 153.88 (83.32) 97.34 (21.93)
Ferritin (ng/dl) 108.19 (82.19) 66.91 (50.74) 40.38 (14.46)
Ceruloplasmin (mg/dl) 27.75 (5.19) 23.00 (3.69) 20.16 (3.51)
Neutrophils 65.58 (9.87) 62.28 (10.70) 62.06 (9.34)
Lymphocytes 25.75 (7.23) 29.63 (9.21) 30.65 (7.75)
NLR 2.86 (1.32) 2.45(1.31) 2.22 (0.86)
TAC (mmol/L) 338.79 (80.98) 462.27 (80.51) 592.61 (107.96)

Mann-Whitney U test showed that HbA1c%, HOMA-IR, ferritin, ceruloplasmin, NLR and TAC values were
significantly higher in the diabetics with retinopathy compared to control group, as shown in Table 3.

Table 3: Mann Whitney U test among diabetic retinopathy patients and healthy controls

Group ID N Mean Rank | Sum of Ranks p value

DM-+DR 32 48.47 1551
0,

HbAlc (%) Controls 32 16.53 529 <0.001
DM-+DR 32 41.69 1334

HOMA IR Controls 32 2331 746 < 0.001
n DM-+DR 32 43.06 1378

Ferritin(ng/ml) Controls 32 21.94 702 < 0.001

+ .

Ceruloplasmin(mg/dl) 21(:/1[1&1())1[: g; ?g 22 1642564 <0.001

DM-+DR 32 37.88 1212
NLR Controls 32 27.13 868 0.021

DM-+DR 32 17.06 546

TAC (umol/) Controls 32 47.94 1534 <0.001
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The one-way ANOVA test was used to compare the means among three groups. A significant p value in the
ANOVA test was found for all except NLR as shown in Table 4.

Table 4: ANOVA analysis across study groups

Squares dt Square F | palue

HOMA IR Bv?/tivtvheiin(}(igiﬁs 36960725 813' .9214 925 ?000 343139765. 5995 1 0.001
Ferritin(ng/ml) Bv?/ti\:/heiin(}(i;?;zs 27;577326i .8099 923 33713769?'7494 o <0001
Ceruloplasmin(mg/dl) B\:;;V}ﬁing ;?:g;s 192328221 923 41771'6011 26.73 <0.001
R e e e | o e I

Spearman’s Rho correlation (as shown in Table 5) presents the correlation coefficients and p-values, showing
significant associations (p < 0.05) between most variables, with strong positive correlations among metabolic
markers and inverse correlations for TAC with other key parameters.

Table 5: Spearman’s Rho correlation

HBAI1C HOMA IR Ferritin Ceruloplasmin NLR TAC
P P P P P P
p value p value p value p value p value p value
HBA1C - NA 0.329 | 0.001 | 0.487 | <0.001 0.394 <0.001 | 0.189 | 0.066 | -0.65 | <0.001
HOMA IR - NA 0.382 | <0.001 0.446 <0.001 | 0.015 | 0.882 | -0.358 | <0.001
Ferritin - NA 0.325 0.001 0.108 | 0.294 | -0.401 <.001
Ceruloplasmin - NA 0.074 | 0.472 | -0.514 <.001
NLR - NA -0.22 0.031
TAC - NA

Correlation Curves

The scatter plots (Figure 1 to Figure 6) show the —
correlations between different pairs of biological — Toeml Line
markers. The graphs shows that ferritin, !

=

ceruloplasmin, NLR and TAC has positive .
correlation, while antioxidant capacity (TAC) has a
negative correlation with ferritin, ceruloplasmin and i .
NLR. =

1 3

]

e

=] ilis] 200 300 A0}

Fsfriin

Figure 2: Correlation of Ferritin (ng/ml) and NLR

Caruloplaiimin

o 100 ) W0 00

Feeerimin

Figure 1: Correlation of Ferritin (ng/ml) and
Ceruloplasmin (mg/dl)
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NLR

Area Under the ROC Curve
Test Result Variable(s) AUC
HBAIC (%) 0.826
HOMA-IR 0.727
Ferritin(ng/dl) 0.76
Ceruloplasmin(mg/dl) 0.844
NLR 0.646
TAC (pmol/l) 0.937
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The ROC curves displayed above are of 6 parameters
namely HbAlc, HOMA IR, ferritin, ceruloplasmin
and TAC. Among them, HBA1C, HOMA IR, ferritin,
ceruloplasmin and NLR are positively correlated with
diabetic retinopathy while TAC is inversely
correlated with diabetic retinopathy and hence the
AUC for TAC is separately calculated.

In our current study, TAC is the best predictor of
diabetic retinopathy with AUC of 0.937 and on the
other hand NLR had the lowest significance with
AUC of 0.646.

DISCUSSION

With the rising global prevalence of diabetes,
lifestyle shifts, longer lifespans, and an aging
population, the worldwide incidence and burden of
diabetic retinopathy (DR) are projected to grow
substantially in the coming decades from
approximately 103 million cases in 2020 to 130
million by 2030, reaching 161 million by 2045.115]
HbA1c% and HOMA-IR levels have shown a
significant difference (p value <0.05) between the
three groups, highlighting the combined impact of
poor glucose control and insulin resistance in
worsening diabetic retinopathy. Our findings showed
that the pattern of HOMA-IR is predictable and
expected as insulin resistance (IR) is one of the key
pathophysiological findings in patients with diabetic
retinopathy. A community-based study conducted by
Tung TH et al,l'% had similarly concluded that DR
was found to be strongly related to both baseline IR
and HOMA-IR.

Elevated ferritin levels indicate oxidative stress,
damaging insulin-producing pancreatic B cells and
impairing insulin's regulation of glucose production
in the liver. This leads to worsening of blood sugar
control and contributes to eye complications via
increased Vascular Endothelial Growth Factor
(VEGF) activity.l'”! Recent studies have identified
the presence of a significant relationship between
serum ferritin levels and fasting blood glucose (FBG)
levels in patients with the disease, and these findings
have shifted focus on the inflammatory markers of
patients with type 2 DM. The present study showed a
significant difference in serum ferritin levels between

the three groups (p < 0.001). However other similar
studies like the one conducted by Elis A V et al,[!8]
have not shown any significant difference between
the three groups.

Ceruloplasmin is a prominent acute-phase reactant,
playing a significant role in the pathogenesis of type
2 diabetes mellitus.”®! Our study has showed that the
elevations in the levels of serum ceruloplasmin
correspond with the severity of the disease, with
significantly (p <0.001) higher levels being recorded
in T2DM with DR. Elevated ceruloplasmin levels
may serve as a protective response against elevated
circulating unbound Fe?*, which promotes free
radical-induced lipid peroxidation and intensifies
oxidative stress.['”) Therefore, elevated plasma
ceruloplasmin levels may indicate abnormally high
oxidative stress. A study by Inoue et al. identified
ceruloplasmin as a reliable marker of oxidative stress
in diabetes mellitus (DM).[2%]

The present study shows higher NLR in T2DM with
retinopathy as compared to other two groups. These
results are consistent with the findings of a study
conducted by Ulu SM et al,?!l where NLR values of
the diabetes patients were significantly higher than
those of the healthy controls (p < 0.001) with DR
patients showing higher values than those without
DR (p < 0.001). Increased neutrophil-to-lymphocyte
ratio (NLR) is linked to both the presence and
severity of diabetic retinopathy (DR), positioning it
as a potential biomarker for identifying high-risk
patients and tracking disease progression, as
inflammation contributes to retinal vascular damage
in DR. [1%

In diabetic retinopathy, excessive reactive oxygen
species (ROS) can overwhelm the body's antioxidant
defences, resulting in reduced total antioxidant
capacity (TAC). Consequently, low TAC levels in
diabetic patients may serve as a biomarker indicating
the severity or risk of developing retinopathy.['?! In
the present study, the serum TAC levels showed a
significant difference (p < 0.001) amongst all the
three groups and TAC levels in healthy controls were
significantly higher than in diabetic patients without
retinopathy. Khallili K et al,l' reported similar
results in the three groups.

In the present study, there is positive correlation of
HBAIC, ferritin, ceruloplasmin and NLR while TAC
is inversely correlated with T2DM with retinopathy.

On using ROC analysis, it was found that TAC is the
best predictor of diabetic retinopathy with AUC of
0.93. The area under curve for other parameters are
ceruloplasmin (AUC = 0.844), ferritin (0.760) and
NLR (0.646). Therefore, a decrease in TAC level
coupled with elevated levels of ceruloplasmin and
ferritin is a good indicator of diabetic retinopathy.

CONCLUSION

This study demonstrates that HbAlc, ferritin,
ceruloplasmin and NLR are positively correlated
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while TAC is inversely correlated with diabetic
retinopathy. Elevated levels of ceruloplasmin and
ferritin, along with reduced TAC, are strong
indicators of DR and the three in conjunction may be
used as a diagnostic tool to predict the occurrence of
retinopathy.
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