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Abstract
Aims Diabetes mellitus and diabetic retinopathy (DR) are major public health concerns globally. Oxidative stress plays a 
central role in the pathogenesis of diabetes and DR. The aim of this study was to investigate the association of malondial-
dehyde, uric acid and bilirubin with diabetes and diabetic retinopathy development.
Methods This study was conducted on 110 diabetics (with and without retinopathy). Beside 40 healthy individuals as a 
control group. The level of three markers (malondialdehyde, uric acid and bilirubin) was estimated in the studied groups. 
Receiver operating characteristic analysis and a logistic regression model was performed.
Results The present study revealed significantly higher uric acid and malondialdehyde levels, while bilirubin showed sig-
nificantly lower levels in diabetics compared to control and similarly in diabetic retinopathy compared to those without DR. 
Furthermore, combination of the three markers increased the accuracy and effect size for differentiation between diabetes 
with and without DR. In addition, higher levels of uric acid and malondialdehyde were associated with risk of diabetes and 
DR development.
Conclusion This study concluded that higher levels of uric acid and malondialdehyde were associated with increase in the 
risk of diabetes and DR development, while bilirubin wasn’t associated with decreasing the risk of diabetes or DR. How-
ever, the combination of malondialdehyde, uric acid and bilirubin may be a valuable addition to the current options for the 
prognosis of DR. In addition, malondialdehyde may be independent predictor of diabetes and DR as well as uric acid may 
be used as independent biomarker to predict the risk of DR.
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Introduction

Diabetes mellitus is a major public health problem world-
wide. It is a chronic disease characterized by chronic hyper-
glycemia due to inability of the body to adequately produce 
or use insulin effectively [1]. Hyperglycemia causes oxida-
tive stress which is associated with the pathophysiology of 
DM. Severe oxidative stress may cause cell damage lead-
ing to microvascular complications that include diabetic 

retinopathy, neuropathy, and nephropathy. In addition, mac-
rovascular complications such as stroke, coronary artery dis-
ease, and peripheral arterial disease [2]. Microvascular and 
macrovascular disorders are responsible for morbidity and 
mortality in diabetic patients [3].

DR is one of the most severe diabetic microvascular com-
plications that affect the blood vessels in the retina due to 
prolonged hyperglycemia. It is the fifth most common cause 
of blindness that contributes to 4.8% of vision loss world-
wide [4]. Early detection of diabetic retinopathy can reduce 
the risk of blindness by 50% [5].

Oxidative stress plays a central role in the pathogenesis 
of diabetic retinopathy. It produces mitochondrial dysfunc-
tion, inflammation and cell death by apoptosis and neuro-
degeneration that leads to vascular, neural and retinal tissue 
damage [6, 7]. Malondialdehyde (MDA) is a highly reactive 
three-carbon dialdehyde, produced as an end product of lipid 
peroxidation. It is a highly toxic and reactive bifunctional 
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molecule that reacts with DNA and forms adducts with 
deoxyguanosine and deoxyadenosine. It can also modify 
RNA, proteins and other biomolecules [8]. Beside, uric acid 
(UA), a metabolic end-product of purine degradation, pos-
sesses pro-oxidant property in human and is also a promoter 
of oxidative and inflammatory processes [9]. Hyperuricemia 
has a vital role in the development of metabolic syndrome 
and increases the risk of microvascular complications. Ele-
vated serum uric acid is a feature of hyperinsulinemia or 
insulin resistance [10].

Conversely, bilirubin is mainly generated from heme deg-
radation and has strong antioxidant and anti-inflammatory 
effects on the microvasculature. It not only scavenges super-
oxide and peroxide radical but also prevents oxidation modi-
fications of low-density lipoprotein and lipid oxidation [11]. 
Elevated serum total bilirubin (TB) levels protect against 
peripheral arterial disease, stroke and cardiovascular disease 
[12]. Hence, for the early detection of DM and DR, it is rec-
ommended to estimate the oxidative stress markers which 
might be helpful in assessing the risk of DM and its related 
complications. Thus, the present study aimed to investigate 
the relation between serum levels of oxidative stress mark-
ers (MDA and UA) and antioxidant marker (TB) with the 
development of diabetes and diabetic retinopathy.

Materials and methods

This study was conducted on 110 diabetic patients classi-
fied into 70 diabetics with diabetic retinopathy (40 females 
and 30 males); their age ranges from 20 to 70 years with 
mean ± SD (43.0 ± 10.7); 40 diabetic patients without any 
complications (26 females and 14 males); their age ranges 
from 18 to 68 years with mean ± SD (45.4 ± 15.1). Besides, 
40 healthy subjects (based on clinical examination and labo-
ratory investigations) (28 females and 12 males); their age 
ranges from 25 to 60 years with mean ± SD (42.6 ± 9.4). 
Patients were selected from Clinics diabetes and endocrinol-
ogy in Specialized Medical Hospital, Mansoura University. 
Ocular examinations were performed in the Ophthalmol-
ogy Centre, Mansoura University. This study was performed 
in Clinical Pathology Department, Mansoura University. 
Patients were excluded if they had any evidence of other 
endocrinal diseases, liver or pancreatic diseases, and previ-
ous kidney diseases of any aetiology, severe infections or 
cancer.

Blood sampling

Six ml venous blood was withdrawn from all subjects after 
fasting for 10–12 h, the blood was divided into two aliquots: 
two ml was collected into a tube containing Ethylenediami-
netetraacetic acid (EDTA) for hemoglobin A1c (HbA1c) 

assay. Four ml was collected into a plain tube, left to clot 
and then centrifuged; the separated serum was used for 
some biochemical parameters investigations (blood glucose 
level, serum creatinine, and lipid profile) and measurement 
of three markers (MDA, uric acid and total bilirubin).

Investigations

Fasting, post-prandial blood glucose, creatinine levels and 
lipid profile (triglyceride, total cholesterol, HDL-c) were 
done on automated device HITACHI 902, automatic ana-
lyzer (serial no.1928013). HbA1c was performed using 
Stanbio kit for quantitative colorimetric determination [13]. 
eGFR (estimated glomerular filtration rate) was estimated 
from the simplified equation developed using data from the 
Modification of Diet in Renal Disease (MDRD) Study as 
follows [14]:

Assessment of lipid peroxidation by measuring serum 
malondialdehyde as a marker of oxidative stress by colori-
metric method (Sigma chemical co). In this method, malon-
dialdehyde (MDA) reacts with thiobarbituric acid in which 
coupling of MDA with thiobarbituric acid in 2 molar sodium 
sulfate solutions produce color that is proportional to MDA 
concentration and is measured at wave length of 534 nm 
[15, 16].

Assessment of pro-oxidative stress by measuring serum 
uric acid as a pro-oxidative marker by colorimetric method 
(Spinreact): uric acid is oxidized by uricase to allantoine 
and hydrogen peroxide (2H2O2), which under the influence 
of POD, 4-aminophenazone (4-AP) and 2-4 Dichlorophe-
nolsulfonate (DCPS) forms a red quinoneimine compound 
[17]. The intensity of the red color formed is proportional 
to the uric acid concentration in the sample that is measured 
at 520 nm.

Measurement of serum total bilirubin concentration as 
antioxidant by colorimetric method (Randox). Total biliru-
bin is determined in the presence of caffeine, which releases 
albumin-bound bilirubin, by the reaction with diazotized sul-
phanilic acid produced color [18]. The absorbance meas-
ured at 578 nm against sample blank is proportional to the 
amount of total bilirubin concentration in specimen.

Statistic analysis

All statistical calculations were done using computer pro-
gram Statistical Package for Social Science (IBM Corp. 
Released in 2011. IBM SPSS Statistics for Windows, Ver-
sion 20.0. (Armonk, NY: IBM Corp.). Data were presented 

MDRD equation ∶ eGFR

= 186.3 × (Serum creatinine)−1.154 × (age)−0.203

× 0.742[if female] × 1.212[if Black].
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and suitable analysis was done according to the type of 
data obtained for each parameter. Mean ± standard devia-
tion (± SD); median (interquartile range) were used for the 
description of numerical data. Receiver operating character-
istic (ROC) analysis was performed to determine the optimal 
cut-off point of serum MDA, uric acid and total bilirubin 
levels for the prognosis of diabetes and diabetic retinopa-
thy. AUC was transformed into Cohen’s d for effect size 
[19]. The effect size was categorized into small (0.2–0.5), 
medium (0.5–0.8) and large (more than 0.8). Large effect 
size indicates better discriminating ability [20]. Sensitivity, 
specificity positive predictive value (PPV) and negative pre-
dictive value (NPP) were all calculated. Logistic regression 
was used for prediction of diabetes, dependent variables 
were control or DM, independent variables were age, BMI 
(body mass index), creatinine, TG, TC/HDL, bilirubin, UA, 
MDA. Logistic regression analysis was performed for the 
prediction of risk factors of diabetic retinopathy, dependent 
variables were DM with and without retinopathy, independ-
ent variables were age, BMI, HBA1C, TC/HDL, bilirubin, 
creatinine, duration of diabetics, UA, MDA. P < 0.05 were 
considered statistically significant.

Results

No significant differences in age and gender between control 
group and different studied groups (P > 0.05). The studied 
groups are matched as regard age and gender. DM with DR 
showed significantly longer disease duration when compared 
to those without DR (P < 0.001). Higher fasting blood glucose 
(FBG), 2-h post-prandial glucose (2HPPG), HbA1c levels were 
significantly associated with diabetic patient when compared 
to control group (P < 0.001 for each). There were no signifi-
cant differences in creatinine level eGFR and BMI between all 
studied groups (P > 0.05). HDL concentration was significantly 
lower in diabetics compared to control group (P < 0.001). Oth-
erwise, no significant differences were found in lipid profile 
concentration between all studied groups (P > 0.05 for each).

UA and MDA showed significantly higher levels, while 
bilirubin showed significantly lower levels in DM compared 
to control group and similarly in diabetic patients with DR 
compared to those without DR as shown in Table 1.

ROC curve of TB, UA and MDA levels was conducted 
to estimate the predictive value of discrimination between 
DM and control groups. TB, UA and MDA showed the area 
under the curve (AUC) of (0.590, 0.661 and 0.994; respec-
tively) and effect size (0.321, 0.587 and 3.554; respectively). 
Combinations of the three markers (TB, UA and MDA) for 
discrimination between DM and controls had nearly the 

Table 1  The clinical characteristics of participants

P > 0.05 is considered non-significant, P < 0.05 is considered significant. Data are expressed as mean (SD) or median (interquartile range)
DM Diabetes mellitus, DR Diabetic retinopathy, FBG Fasting blood glucose, PPBG Postprandial blood glucose TG Triglyceride, TC Total cho-
lesterol, HbA1c Hemoglobin A1c; HDL High-density lipoprotein; LDL Low-density lipoprotein, MDA Malondialdehyde, eGFR estimated glo-
merular filtration rate, BMI Body mass index, N number

Parameter Control
N = 40

DM
N = 110

p DM without DR
N = 40

DM without D N = 70 p

Age (years) 42.6 ± 9.4 43.8 ± 12.5 0.649 45.4 ± 15.1 43.0 ± 10.7 0. 340
Duration – 18.3 ± 11 – 8.7 ± 2.3 21.3 ± 10.9  < 0.001
Gender Male 12 (30%) 44 (40%) 0.266 14 (35%) 30 (43%) 0.423

Female 28 (70%) 66 (60%) 26 (65%) 40 (57%)
HbA1C (%) 5.3 ± 0.7 8.4 ± 2.0  < 0.001 8.0 ± 2.2 8.7 ± 1.9 0.095
FBG (mg/dL) 89 (77–100) 255 (97–654)  < 0.001 232 (97–513) 269 (111–654) 0.092
PPBG (mg/dL) 128 (94–194) 351 (118–781)  < 0.001 308 (111–667) 354 (128–781) 0.094
Creatinine (mg/dL) 0.85 ± 0.16 0.98 ± 0.26 0.054 0.90 ± 0.18 1.0 ± 0.29 0.053
TC (mg/dL) 197 (102–260) 192 (111–300) 0.196 184 (116–298) 193 (111–300) 0.759
TG (mg/dL) 150.2 ± 51.2 149.8 ± 64.37 0.404 153.9 ± 54.7 147.5 ± 69.5 0.322
HDL (mg/dL) 54.8 ± 9.9 47.8 ± 10.7  < 0.001 45.9 ± 10.6 48.9 ± 10.8 0.552
LDL (mg/dL) 114.9 ± 42.4 114.0 ± 40.0 0.854 112.2 ± 41.4 115.1 ± 39.5 0.322
TC_HDL 3.9 ± 1.5 4.3 ± 1.6 0.949 4.3 ± 1.4 4.3 ± 1.8 0.256
LDL_HDL 2.3 ± 1.2 2.5 ± 1.3 0.580 2.6 ± 1.2 2.5 ± 1.4 0.732
Bilirubin (mg/dL) 0.786 ± 0.17 0.672 ± .14 0.048 0.715 ± 0.163 0.649 ± 0.137 0.034
Uric acid (mg/dL) 5.43 ± 2.04 6.6 ± 2.08 0.003 3.4 ± 1.8 8.5 ± 2.1  < 0.001
MDA (nmole/mL) 5.47 ± 1.6 16.43 ± 4.2  < 0.001 12.0 ± 4.99 18.6 ± 3.67  < 0.001
eGFR ml/min/1.73m2 89.0 ± 17.6 88.5 ± 19.1 0.885 86.5 ± 19.5 86.3 ± 19.1 0.958
BMI (kg/m2) 30.8 ± 5.9 32.1 ± 6.8 0.285 31.7 ± 6.7 32.4 ± 6.9 0.634
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same AUC (0.996), performance criteria of MDA and effect 
size (3.751). Performance criteria are shown in Table 2.

Furthermore, to explore the predictive value for diabetic 
retinopathy, ROC of TB, UA and MDA levels was ana-
lyzed. TB, UA and MDA showed AUC of (0.622, 0.762 and 
0.986; respectively), and effect size (0.439, 1.008 and 3.108; 
respectively). Combinations of the three markers had perfect 
AUC) 1.0) and increased both the performance criteria and 
effect size (4.372) for discrimination between DR and non-
DR group. Performance criteria are shown in Table 2.

All possible correlations between MDA, uric acid, bilirubin 
and other studied parameters in diabetic patients were esti-
mated and summarized in Table 3. MDA showed significant 
positive correlations with FBG, PPBG and BMI. Uric acid 
showed significant positive correlations with BMI. Bilirubin 
showed significant negative correlations with FBG and PPBG. 
MDA showed significant negative correlation with bilirubin. 
Otherwise, no significant correlations were found regarding 
MDA, uric acid, bilirubin with other studied parameters in 
diabetics.

The correlation between three markers (MDA, UA and 
TB) and HbA1c in all studied groups was estimated and 
summarized in Table 4. MDA and uric acid showed sig-
nificant positive correlations with HbA1c in diabetic and 
diabetic retinopathy patients. While bilirubin showed signifi-
cant negative correlations with HbA1c in diabetic and dia-
betic retinopathy patients. No significant correlations were 
found between MDA and uric acid with HbA1c in healthy 
individuals. While bilirubin showed marginal significant 
negative correlations with HbA1c in healthy individuals.

Regression analysis was conducted for the prediction of 
DM development in healthy individuals. Higher UA and 
MDA were associated with increase in the risk of DM devel-
opment in univariable analysis. However, conducting mul-
tivariable analysis revealed that higher MDA was suggested 
to be independent predictor of DM development (Table 5).

Regression analysis was conducted for the prediction of 
DR development in diabetics. Duration of diabetes is asso-
ciated with increase in the risk of DR development in uni-
variable analysis. Higher UA and MDA were suggested to 
be independent predictors of DR development in uni- and 
multivariable analyses (Table 6).

Discussion

Diabetes mellitus and diabetic retinopathy are one of the 
fastest growing diseases and a leading cause of vision loss 
in the world [21]. Hyperglycemia plays an important role 
in the pathogenesis of retinal microvascular damage [22]. 
It promotes changes in vascular and neuronal structures 
through ischemic or hyperosmotic damage. The retina is a 
high energy-demanding organ, which makes it susceptible Ta
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to high levels of free radicals or reactive oxygen species 
(ROS) [7]. The excessive production of ROS contributes 
to the development of many signs of diabetic retinopathy 
ranging from vascular leakage and vascular dysfunction 

to pathological angiogenesis [23]. The increased oxida-
tive stress and decreased antioxidant status may predict 
diabetes mellitus and its related microvascular complica-
tions. Therefore, the present study aimed to investigate the 

Table 3  Correlations of MDA, 
uric acid, bilirubin with other 
studied parameters in DM cases

P < 0.05 is considered significant
FBG fasting blood glucose, PPBG postprandial blood glucose, TG triglyceride, TC total cholesterol, 
HbA1c hemoglobin A1c, HDL high-density lipoprotein, LDL low-density lipoprotein, MDA malondialde-
hyde, UA uric acid, BMI body mass index

Parameters MDA Uric acid Bilirubin

r p r p r p

Age − 0.129 0.180 0.073 0.447 0.125 0.196
Duration 0.187 0.160 0.034 0.803 − 0.193 0.147
Creatinine 0.157 0.252 0.073 0.448 − 0.045 0.663
FBG 0.553  < 0.001 0.031 0.749 − 0.528  < 0.001
PPBG 0.998  < 0.001 0.045 0.644 − 0.974  < 0.001
BMI 0.490 0.013 0.423 0.020 − 0.048 0.821
TC 0.109 0.129 − 0.057 0.552 − 0.186 0.053
TG 0.185 0.053 − 0.022 0.818 − 0.163 0.091
HDL − 0.048 0.617 − 0.042 0.666 0.026 0.788
LDL 0.142 0.138 0.002 0.985 − 0.114 0.239
MDA – – –0.054 0.574 − 0.974  < 0.001
UA – – – – 0.091 0.349

Table 4  Correlations of MDA, 
uric acid, bilirubin with HbA1c 
in all studied groups

DM diabetes mellitus, DR diabetic retinopathy, MDA malondialdehyde, HbA1c hemoglobin A1c

Parameters HbA1c

MDA Uric acid Bilirubin

r p r p r p

Healthy control 0.110 0.498 0.087 0.593 − 0.311 0.051
DM cases 0.971  < 0.001 0.163 0.046 − 0.899  < 0.001
DR patients 0.951  < 0.001 0.319 0.018 − 0.902  < 0.001

Table 5  Regression analysis for 
prediction of DM cases

P < 0.05 is considered significant. OR, odds ratio; OR > 1 indicates increased occurrence of event. OR < 1 
indicates decreased occurrence of event (protective exposure)
TG triglyceride, TC total cholesterol, HDL high-density lipoprotein, MDA malondialdehyde, BMI body 
mass index, CI confidence interval

Factors Univariable Multivariable

p OR 95% CI p OR 95% CI

Age 0.549 1.006 0.987 1.025
BMI 0.341 1.365 0.792 1.928
Creatinine 0.105 1.724 0.494 3.283
TG 0.974 1.003 0.996 1.014
TC/HDL 0.112 1.123 0.973 1.295
Bilirubin 0.857 1.152 0.246 5.384
Uric acid 0.004 1.143 1.044 1.251 0.208 0.862 0.684 1.086
MDA  < 0.001 1.961 1.436 2.677  < 0.001 2.088 1.458 2.991
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association of MDA, uric acid and bilirubin with DM and 
DR development.

The present study showed that diabetic patients with DR 
had significantly longer disease duration compared to those 
without DR. Similar findings were observed by [24, 25]. 
Longer duration may represent a longer period of retinal 
toxicity induced by hyperglycemia that is associated with 
neural and vascular death in the retina [26]. The current 
study indicated that higher FBG, 2HPPG and HBA1C con-
centrations were significantly associated with diabetics when 
compared to control group. While there was no significant 
differences in creatinine level eGFR and BMI between all 
studied groups. HDL concentration was significantly lower 
in diabetics compared to control group. Similarly, in Egyp-
tian population, type 2 diabetic patients had a significant 
increase in FBS, PPBS and HbA1C (P = 0.001) compared 
to control group. In addition, the duration of DM was sig-
nificant increase in diabetics with DR when compared to 
diabetics without DR (P = 0.001) [27]. There was a signifi-
cant increase in serum creatinine, FBG, 2HPPG and HbA1c 
levels in diabetics patients when compared to the healthy 
control subjects [28]. In addition, blood glucose and LDL 
levels were significantly higher in the DR patients than in 
the non-DR patients. However, no significant difference was 
found in the level of cholesterol [26].

An Egyptian study carried on type 2 diabetics found that 
45.7% of the patients have diabetic retinopathy. Regarding 
GFR stages, 25.8% of the patients are of G1 (GFR 90 mL/
min/1.73 m2), 31.8% G2 (GFR, 60 to 89 mL/min/1.73 m2) 
[29]. In Thailand type 2 diabetic patients, the prevalence 
of DR was 9.5%, 11.0%, 14.1%, and 20.9% in patients with 
GFR of ≥ 90, 60–89, 30–59 and < 30  mL/min/1.73  m2, 
respectively (P < 0.001) [30]. In Japan population, type 1 
and type 2 diabetics with NPDR (nonproliferative diabetic 
retinopathy) were significantly higher creatinine (0.73, 0.78), 
lower (eGFR) (76.5, 76) than type 1 and 2 diabetics with-
out NPDR (0.68, 0.75; 82.4, 77.7; respectively). In addition 
there was significant larger BMI (22.7) in type 1 diabetics 
with NPDR than without (21.9) [31].

The present study revealed significantly higher levels of 
UA and MDA, while bilirubin showed significantly lower 
levels in diabetics compared to control. According to the 
ROC curve, 5.6 and 8.9 appeared to be the most suitable cut-
off values for uric acid and MDA to discriminate between 
diabetics and healthy groups with sensitivity (64.5, 94.5), 
specificity (65, 100%), and effect size (0.587 and 3.554; 
respectively). Combinations of the three markers had nearly 
the same AUC, performance criteria and effect size of MDA; 
meaning that MDA may be used alone to the differentiation 
between diabetics and healthy individuals. This confirmed 
by logistic analysis, although higher levels of UA and MDA 
were associated with increased risk of DM development, 
higher level of MDA was suggested to be independent Ta
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predictor of DM development in healthy individuals. The 
observed high levels of MDA in diabetic groups reflected 
lipid peroxidation resulted from oxidative stress.

Similarly, the levels of serum MDA were significantly 
higher in type 2 diabetics than healthy control [32, 33]. 
Oxidative stress play a vital role in the pathogenesis of dia-
betes. oxidative stress harmfully affects the insulin activity 
through several interacting pathways and generating ROS. 
These could deteriorate the islets β-cells of the pancreas 
resulting in the reduced release of insulin. In addition, Free 
radical formation by non-enzymatic glycation of proteins, 
glucose oxidation and increased lipid peroxidation leads to 
damage of enzymes, cellular injury machinery, changes in 
the cell membrane and increased insulin resistance which 
are risk for diabetes [34, 35]. MDA is a marker of lipid per-
oxidation which reacts with cell membrane phospholipids. 
The elevated level of MDA is found in different pathologi-
cal diseases such as diabetes, cardiovascular diseases, renal 
disease, neurodegenerative disorders and cancer so that it is 
a good biomarker of oxidative stress and tissue damage [8]. 
Beside, Uric acid-mediated oxidative stress-induced lipid 
peroxidation, DNA damage, and activation of inflammatory 
factors finally lead to cellular damage [36].

Uric acid was significantly associated with the presence 
of DM. The high level of UA predicted DM development 
only in male aged < 30 years, and reducing UA had a poten-
tial effect on the prevention of future DM [37]. Another 
study showed that a high UA level was associated with the 
development of type 2 DM especially in the young group 
(5.5 mg/dl for women and 6.0 mg/dl for men). In addition, 
using uric acid as a biomarker may help in the early detec-
tion and prevention of DM [38]. In the Chinese population, 
higher serum uric acid level was a predictor for incident 
type 2 diabetes in middle-aged and elderly men and women, 
independent of conventional risk factors, such as family 
history of diabetes, blood pressure, serum creatinine, BMI 
and smoking. Furthermore, the ROC curves showed that a 
combination of serum uric acid with conventional risk fac-
tors improved the AUC for prediction of type 2 diabetes 
by 5% (AUC 0.65; 95% CI 0.54–0.77, P = 0.02) [39]. Con-
versely, serum uric acid level was high in healthy subjects 
but decrease in diabetics with increasing FBG concentra-
tions. There was a significant negative association between 
the level of serum uric acid and Bangladeshi diabetics [40].

Regarding total bilirubin, increased total bilirubin was 
associated with 26% reduction in the risk of diabetes (OR 
0.74, 95% CI 0.64–0.88) after age adjustment. Multivariate 
analysis, adjusting for all diabetes risk factors, confirmed 
this association (OR 0.80, 95% CI 0.67–0.95) [41]. Bilirubin 
might be correlated with the occurrence and development 
of type 2 DM [42].

The current study indicated that a significant positive cor-
relation between MDA and FBG, 2HPP, HbA1c, BMI. In 

addition, uric acid showed significant positive correlations 
with HbA1c and BMI. While, bilirubin showed significant 
negative correlations with FBG, 2HPP, HbA1c and MDA.

These results are consistent with several studies that 
indicated a positive correlation between MDA and HbA1c 
[43, 44]. MDA as a lipid peroxidation indicator is higher in 
uncontrolled diabetes probably due to chronic high blood 
sugar followed by higher oxidative stress [45]. There was 
a positive correlation between HbA1C and serum uric acid 
levels in type 2 diabetics [10, 46]. Conversely, serum uric 
acid level was negatively correlated with HbA1c and PPBG 
glucose levels in type 2 diabetic patients [47]. Regarding 
total bilirubin, a negative association between serum total 
bilirubin and HbA1c was found in diabetics [44, 48]. In 
addition, the level of bilirubin showed a negative significant 
association with fasting blood glucose, HbA1c and choles-
terol, LDL-cholesterol and triglycerides [49]. There was a 
negative association of serum total bilirubin with FBS and 
HbA1c in diabetics with retinopathy and type 2 DM without 
retinopathy when compared to healthy controls [12].

BMI measures the weight in relation to the height and 
gives a figure of total body fat. Obesity leads to oxidative 
stress by increasing endogenous lipid peroxides products. 
Uric acid and MDA showed a positive correlation with BMI 
[50]. Similarly, BMI showed a positive correlation with uric 
acid in Brazilian population [51], and with MDA in Han 
Chinese [52].

The present study found that, UA and MAD showed sig-
nificantly higher levels, while bilirubin showed significantly 
lower levels in DR when compared to those without DR. 
According to the ROC curve, 0.67, 4.6 and 16.7 appeared to 
be the most suitable cut-off value for bilirubin, uric acid and 
MDA for discrimination between diabetics with and without 
DR; sensitivity (54.3, 88.6, 91.4), specificity (75, 60, 100%) 
and effect size (0.439, 1.008 and 3.108); respectively. The 
combination of the three markers increased the accuracy 
and effect size in differentiation between diabetes with and 
without DR. Furthermore, UA and MDA were suggested to 
be independent predictors of DR development in diabetics.

Prolonged hyperglycemia causes oxidative stress and 
increase the production of ROS that leads to the disruption 
of normal cellular physiology. The four major mechanisms 
involved in increased intracellular oxidative stress as a result 
of hyperglycemia, are polyol pathway, the hexosamine path-
ways, protein kinase C (PKC) and advanced glycation end-
products (AGEs) [53]. Activation of this pathways lead to 
increase the production of ROS that cause vascular injury 
including pericyte loss, microaneurysm formation, platelet 
aggregation, loss of capillary endothelial cells, apopto-
sis, thickening of the basement membrane,and neuroglial 
damage which collectively contribute to the initiation and 
progression of DR. Uric acid is closely related to these 
pathological changes due to it may act as a prooxidant to 
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trigger oxidative stress in cells and contribute to endothe-
lial dysfunction and damage via triggering oxidative and 
endoplasmic reticulum stress and inducing mitochondrial 
dysfunction and mitochondrial DNA damage. Furthermore, 
hyperuricemia increase the development of diabetic retin-
opathy by increasing ROS production, which leads to inflam-
mation of the retina, dysfunction in the vessel [36, 54] and 
cellular damage via DNA modification, mitochondrial dam-
age, protein misfolding, lipid peroxidation, cell death and 
impairments in the antioxidant defense system. The levels 
of lipid peroxide is increased in the retina causing endothe-
lial dysfunction and leading to diabetic retinopathy. MDA 
is highly toxic compound formed by lipid peroxidation due 
to free radical damage. Free radicals and oxidative stress 
are responsible for the development of diabetic microangi-
opathy leading to diabetic retinopathy [55, 56]. Conversely, 
bilirubin is a potential endogenous anti-oxidant and it has 
anti-inflammatory effects [48]. The ant-inflammatory effect 
and anti-oxidative effect may contribute to the protective 
effect of bilirubin on vascular damage [57]. Thus, high total 
bilirubin could inhibit oxidative stress and inflammation 
processes and delay or interrupt development of DR [58].

MDA might help to predict the risk of diabetic retinopa-
thy [59]. Estimation of MDA was related to oxidative stress 
in diabetic and this estimation can be effective in control 
and prevention of DR development [60]. Conversely, MDA 
levels did not show any significant correlation between dia-
betics with and without retinopathy. While the level of serum 
total bilirubin was lower in diabetic retinopathy patients than 
diabetics without retinopathy [24]. Total bilirubin concen-
tration is lower in patients with type 2 diabetes with severer 
retinopathy. Thus, bilirubin might protect against retinopathy 
in type 2 diabetic patients [61], and in type 1 diabetics [62]. 
The elevated serum bilirubin levels might have an independ-
ent protective effect against DR among diabetics [63]. Serum 
uric acid concentration is associated with the increase in 
the severity of DR [64]. Conversely, another study indicated 
that there was no significant difference of serum UA level in 
DR group. While patients with microvascular complications 
had higher levels of serum UA compared to those without 
complications [10].

Several studies used logistic regression for the prediction 
of DR and there was different factor associated with DR; 
age, duration of diabetes, HbA1c, hypertension, triglycer-
ides, LDL and family history of DR had a significant role 
in the occurrence of DR [65]. Similarly, other studies sug-
gested that age, duration of diabetes, HbA1C levels, poor 
glycaemic control, dyslipidemia, hypertension and insu-
lin treatment were as risk factors of DR among diabetics 
patients [66, 67]. The limitation of this study is that first, 
the limited number of subjects. Second, we were unable to 
classify DR types into non-proliferative diabetic retinopathy 
(NDPR) and proliferative diabetic retinopathy (PDR), and 

the subgroup analyses based on DR types were not con-
ducted. A strength of this study is, this work is one of few 
studies that investigated the relationship between the com-
bination of simple, easily measurable and inexpensive three 
markers with diabetic retinopathy in diabetic patients in the 
Egyptian population.

In conclusion, this study revealed that higher levels of UA 
and MDA were associated with increased risk of DM and 
DR development, while bilirubin was not associated with 
decreased risk of DM or DR. However, the combination of 
MDA, uric acid and bilirubin may be a valuable addition 
to current options for the prognosis of diabetic retinopathy, 
and this is simple, easily measurable and inexpensive. In 
addition, MDA was suggested to be independent predictor 
of DM and DR development. Beside, UA may be used as 
independent biomarker to predict the risk of DR. Duration 
of diabetes is associated with DR. Furthermore, further pro-
spective multicenter studies involving larger sample sizes 
are warranted to validate the usefulness of this finding in 
clinical practice.

Acknowledgements This work was granted by authors themselves. 
This research received no specific grant from any funding agency in 
the public, commercial or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest The Authors Hadeel Ahmed Shawki, Rasha Elze-
hery, Maha Shahin, Ekbal M.Abo-hashem, Magdy M. Youssef de-
clared that they have no conflict of interest. The authors alone are re-
sponsible for the content and writing of this article.

Ethical approval This study was ethically approved by Mansoura Uni-
versity Ethics Committee at the faculty of Science (Sci-ch-ph-2020-28) 
(10-5-2020).

Informed consent An informed consent was obtained from all par-
ticipant.

References

 1. Kurup R, Ansari AA, Singh J. Review A review on diabetic foot 
challenges in Guyanese perspective. Diabetes Metabol Syndrome 
Clin Rese Rev. 2019;13(2):905–12. https ://doi.org/10.1016/j.
dsx.2018.12.010.

 2. Abbasa SAN, Razaa ST, Mird SS, et al. Association of vari-
ants rs7903146 and rs290487 of TCF7L2 gene with diabetic 
nephropathy and co-morbidities (hypertension and dyslipidemia) 
in type 2 diabetes mellitus. Meta Gene. 2019;20:1–7. https ://doi.
org/10.1016/j.mgene .2019.10056 1.

 3. Rahimi-Madiseh M, Malekpour-Tehrani A, Bahmani M, et al. The 
research and development on the antioxidants in prevention of 
diabetic complications. Asian Pac J Trop Med. 2016;9(9):825–31. 
https ://doi.org/10.1016/j.apjtm .2016.07.001.

 4. Kaur N, Vanita V. Association analysis of PPARγ (p.Pro12Ala) 
polymorphism with type 2 diabetic retinopathy in patients from 

https://doi.org/10.1016/j.dsx.2018.12.010
https://doi.org/10.1016/j.dsx.2018.12.010
https://doi.org/10.1016/j.mgene.2019.100561
https://doi.org/10.1016/j.mgene.2019.100561
https://doi.org/10.1016/j.apjtm.2016.07.001


116 H. A. Shawki et al.

1 3

north India. Ophthalm Genet. 2017;38(3):217–21. https ://doi.
org/10.1080/13816 810.2016.11938 79.

 5. Frazaoa LB, Theera-Umpona N, Auephanwiriyakul S. Diagnosis 
of diabetic retinopathy based on holistic texture and local reti-
nal features. Inf Sci. 2019;475:44–66. https ://doi.org/10.1016/j.
ins.2018.09.064.

 6. Korany MA, Sonbol A, Elgouhary SM. Omentin-1 and dia-
betic retinopathy in type 2 diabetic patients. Alexandria J Med. 
2018;54:323–6. https ://doi.org/10.1016/j.ajme.2018.04.003.

 7. Cecilia OM, José Alberto CG, José NP, et al. Oxidative stress as 
the main target in diabetic retinopathy pathophysiology. J Diabetes 
Res. 2019;2019:8562408. https ://doi.org/10.1155/2019/85624 08.

 8. Fonseca I. Malondialdehyde as a biomarker in kidney trans-
plantation. Biomarkers in disease: methods, discoveries and 
applications. Biomark Kidney Dis. 2015;1:1–25. https ://doi.
org/10.1007/978-94-007-7743-9.

 9. Ren Y, Gao L, Guo X, et al. Interactive effect of serum uric acid 
and total bilirubin for micro-vascular disease of type 2 diabetes 
in China. J Diabetes Compl. 2018;32(11):1000–5. https ://doi.
org/10.1016/j.jdiac omp.2018.09.002.

 10. Manickam S, Arun P, Petchiappan V, et al. Is serum uric acid 
an added risk factor for micro-vascular complications of dia-
betes mellitus?—a prospective study. Int J Contemp Med Res. 
2019;6(7):30–3. https ://doi.org/10.21276 /ijcmr .2019.6.7.20.

 11. Zhu B, Wu X, Ning K, et al. The negative relationship between bil-
irubin level and diabetic retinopathy: a meta analysis. PLoS ONE. 
2016;11(8):1–16. https ://doi.org/10.1371/journ al.pone.01616 49.

 12. Prabhavathi K, Kunder M, Shashidhar KN, et al. Serum total bili-
rubin levels in diabetic retinopathy—a case control study. IOSR J 
Pharm. 2013;4(8):1–6. https ://doi.org/10.9790/3013-04080 106.

 13. Abraham EC, Huff TA, Cope ND, et al. Determinations of the 
glycosylated hemoglobins (HbA1) with a new micro-column 
procedure. Diabetes. 1978;27(9):931–7. https ://doi.org/10.2337/
diab.27.9.931.

 14. Coresh J, Astor BC, Greene T, et al. Prevalence of chronic kid-
ney disease and decreased kidney function in the adult US popu-
lation: third national health and nutrition examination survey. 
Am J Kidney Dis. 2003;41(1):1–12. https ://doi.org/10.1053/
ajkd.2003.50007 .

 15. Satoh K. Serum lipid peroxide in cerebrovascular disorders 
determined by a new colorimetric method. Clin Chim Acta. 
1978;90(1):37–433. https ://doi.org/10.3995/jstro ke.1.313.

 16. Draper HH, Hadley M. Malondialdehyde determination as index 
of lipid peroxidation. Methods Enzymol. 1990;186:421–31. https 
://doi.org/10.1016/0076-6879(90)86135 -i.

 17. Fossati P, Prencipe L, Berti G. Use of 3, 5-dichloro-2-hydroxy-
benzenesulfonic acid/4-aminophenazone chromogenic system in 
direct enzymic assay of uric acid in serum and urine. Clin Chem. 
1980;26(2):227–31. https ://doi.org/10.1093/clinc hem/26.2.227.

 18. Jendrassik L, Grof P. Colorimetric method of determination of 
bilirubin. Biochem Z. 1938;297:81–2.

 19. Salgado JF. Transforming the area under the normal curve (AUC) 
into Cohen’s d, Pearson’s rpb, odds-ratio, and natural log odds-
ratio: two conversion tables. Eur J Psychol Appl Legal Context. 
2018;10(1):35–47. https ://doi.org/10.5093/ejpal c2018 a5.

 20. Cohen J. A power primer. Psychol Bull. 1992;112:155–9. https ://
doi.org/10.1037//0033-2909.112.1.155.

 21. Ting DSW, Cheung GCM, Wong TY. Diabetic retinopathy: 
global prevalence, major risk factors, screening practices and 
public health challenges: a review. Clin Exp Ophthalmol. 
2016;44(4):260–77. https ://doi.org/10.1111/ceo.12696 .

 22. Ahsan H. Diabetic retinopathy-biomolecules and multiple patho-
physiology. Diabetes Metab Syndr. 2015;9:51–4. https ://doi.
org/10.1016/j.dsx.2014.09.011.

 23. Du Y, Veenstra A, Palczewski K, et al. Photoreceptor cells 
are major contributors to diabetes-induced oxidative stress 

and local inflammation in the retina. Proc Natl Acad Sci. 
2013;110(41):16586–91. https ://doi.org/10.1073/pnas.13145 
75110 .

 24. Dave A, Kalra P, Gowda BR, et al. Association of bilirubin 
and malondialdehyde levels with retinopathy in type 2 diabetes 
mellitus. Indian J Endocrinol Metab. 2015;19(3):373–7. https 
://doi.org/10.4103/2230-8210.15277 7.

 25. Tseng ST, Chou ST, Low BH, et al. Risk factors associated 
with diabetic retinopathy onset and progression in diabe-
tes patients: a Taiwanese cohort study. Int J Clin Exp Med. 
2015;8(11):21507–15.

 26. Liu Y, Yang J, Tao L, et al. Risk factors of diabetic retinopa-
thy and sight-threatening diabetic retinopathy: a cross-sec-
tional study of 13 473 patients with type 2 diabetes mellitus 
in mainland China. BMJ Open. 2017;7(9):e016280. https ://doi.
org/10.1136/bmjop en-2017-01628 0.

 27. Jihan AM, Seham MA, Hamdia EA, et al. Relationship between 
diabetic retinopathy and methylenetetrahydrofolate reductase 
gene polymorphism. Egypt J Hosp Med. 2017;67(2):628–34. 
https ://doi.org/10.12816 /00378 14.

 28. Chutani A, Pande S. Correlation of serum creatinine and urea 
with glycemic index and duration of diabetes in Type 1 and 
Type 2 diabetes mellitus: a comparative study. Natl J Physiol 
Pharm Pharmacol. 2017;7(9):914–9. https ://doi.org/10.5455/
njppp .2017.7.05156 06052 017.

 29. Elhefnawy KA, Elsayed AM. Prevalence of diabetic kidney 
disease in patients with type 2 diabetes mellitus. Egypt J Inter-
nal Med. 2019;31(2):149–54. https ://doi.org/10.4103/ejim.
ejim_113_18.

 30. Kaewput W, Thongprayoon C, Rangsin R, et al. Associations 
of renal function with diabetic retinopathy and visual impair-
ment in type 2 diabetes: a multicenter nationwide cross-sec-
tional study. World J Nephrol. 2019;8(2):33–43. https ://doi.
org/10.5527/wjn.v8.i2.33.

 31. Kawasaki R, Kitano S, Sato Y, et al. Factors associated with 
non-proliferative diabetic retinopathy in patients with type 1 
and type 2 diabetes: the Japan Diabetes Complication and its 
Prevention prospective study (JDCP study 4). Diabetol Int. 
2019;10(1):3–11. https ://doi.org/10.1007/s1334 0-018-0357-z.

 32. Nair A, Nair BJ. Comparative analysis of the oxidative stress 
and antioxidant status in type II diabetics and nondiabetics: a 
biochemical study. J Oral Maxillofac Pathol. 2017;21(3):394–
401. https ://doi.org/10.4103/jomfp .JOMFP _56_16.

 33. Al-Duais MA, Sakran MI, Shalaby KA, et al. Diagnostic value 
of serum adenosine deaminase in type II Saudi diabetic patients. 
Adv Diabetes Endocrinol. 2015;1(1):5. https ://doi.org/10.13188 
/2475-5591.10000 01.

 34. Asmat U, Abad K, Ismail K. Diabetes mellitus and oxidative 
stress—a concise review. Saudi Pharm J. 2016;24(5):547–53. 
https ://doi.org/10.1016/j.jsps.2015.03.013.

 35. Dos Santos JM, Tewari S, Mendes RH. The role of oxidative 
stress in the development of diabetes mellitus and its com-
plications. J Diabetes Res. 2019;2019:4189813. https ://doi.
org/10.1155/2019/41898 13.

 36. Xiong Q, Liu J, Xu Y. Effects of uric acid on diabetes mel-
litus and its chronic complications. Int J Endocrinol. 
2019;2019:9691345. https ://doi.org/10.1155/2019/96913 45.

 37. Chen YY, Kao TW, Yang HF, et al. The association of uric 
acid with the risk of metabolic syndrome, arterial hyperten-
sion or diabetes in young subjects—an observational study. 
Clin Chim Acta. 2018;478:68–73. https ://doi.org/10.1016/j.
cca.2017.12.038.

 38. Chang JB, Chen YL, Hung YJ, et al. The role of uric acid for 
predicting future metabolic syndrome and type 2 diabetes in 
older people. J Nutr Health Aging. 2017;21(3):329–35. https ://
doi.org/10.1007/s1260 3-016-0749-3.

https://doi.org/10.1080/13816810.2016.1193879
https://doi.org/10.1080/13816810.2016.1193879
https://doi.org/10.1016/j.ins.2018.09.064
https://doi.org/10.1016/j.ins.2018.09.064
https://doi.org/10.1016/j.ajme.2018.04.003
https://doi.org/10.1155/2019/8562408
https://doi.org/10.1007/978-94-007-7743-9
https://doi.org/10.1007/978-94-007-7743-9
https://doi.org/10.1016/j.jdiacomp.2018.09.002
https://doi.org/10.1016/j.jdiacomp.2018.09.002
https://doi.org/10.21276/ijcmr.2019.6.7.20
https://doi.org/10.1371/journal.pone.0161649
https://doi.org/10.9790/3013-04080106
https://doi.org/10.2337/diab.27.9.931
https://doi.org/10.2337/diab.27.9.931
https://doi.org/10.1053/ajkd.2003.50007
https://doi.org/10.1053/ajkd.2003.50007
https://doi.org/10.3995/jstroke.1.313
https://doi.org/10.1016/0076-6879(90)86135-i
https://doi.org/10.1016/0076-6879(90)86135-i
https://doi.org/10.1093/clinchem/26.2.227
https://doi.org/10.5093/ejpalc2018a5
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1111/ceo.12696
https://doi.org/10.1016/j.dsx.2014.09.011
https://doi.org/10.1016/j.dsx.2014.09.011
https://doi.org/10.1073/pnas.1314575110
https://doi.org/10.1073/pnas.1314575110
https://doi.org/10.4103/2230-8210.152777
https://doi.org/10.4103/2230-8210.152777
https://doi.org/10.1136/bmjopen-2017-016280
https://doi.org/10.1136/bmjopen-2017-016280
https://doi.org/10.12816/0037814
https://doi.org/10.5455/njppp.2017.7.0515606052017
https://doi.org/10.5455/njppp.2017.7.0515606052017
https://doi.org/10.4103/ejim.ejim_113_18
https://doi.org/10.4103/ejim.ejim_113_18
https://doi.org/10.5527/wjn.v8.i2.33
https://doi.org/10.5527/wjn.v8.i2.33
https://doi.org/10.1007/s13340-018-0357-z
https://doi.org/10.4103/jomfp.JOMFP_56_16
https://doi.org/10.13188/2475-5591.1000001
https://doi.org/10.13188/2475-5591.1000001
https://doi.org/10.1016/j.jsps.2015.03.013
https://doi.org/10.1155/2019/4189813
https://doi.org/10.1155/2019/4189813
https://doi.org/10.1155/2019/9691345
https://doi.org/10.1016/j.cca.2017.12.038
https://doi.org/10.1016/j.cca.2017.12.038
https://doi.org/10.1007/s12603-016-0749-3
https://doi.org/10.1007/s12603-016-0749-3


117Evaluation of some oxidative markers in diabetes and diabetic retinopathy  

1 3

 39. Wang T, Bi Y, Xu M, et al. Serum uric acid associates with the 
incidence of type 2 diabetes in a prospective cohort of middle-
aged and elderly Chinese. Endocrine. 2011;40(1):109–16. https 
://doi.org/10.1007/s1202 0-011-9449-2.

 40. Haque T, Rahman S, Islam S, et al. Assessment of the relationship 
between serum uric acid and glucose levels in healthy, prediabetic 
and diabetic individuals. Diabetol Metab Syndr. 2019;11(1):49. 
https ://doi.org/10.1186/s1309 8-019-0446-6.

 41. Cheriyath P, Gorrepati VS, Peters I, et al. High total bilirubin as 
a protective factor for diabetes mellitus: an analysis of NHANES 
data from 1999–2006. J Clin Med Res. 2010;2(5):201–6. https ://
doi.org/10.4021/jocmr 425w.

 42. Yang M, Ni C, Chang B, et al. Association between serum total 
bilirubin levels and the risk of type 2 diabetes mellitus. Diabetes 
Res Clin Pract. 2019;152:23–8. https ://doi.org/10.1016/j.diabr 
es.2019.04.033.

 43. Altoum AEA, Osman AL, Babker AM. Correlation of oxidative 
stress markers malondialdehyde (MDA), antioxidant vitamins A, 
E, and C with glycated hemoglobin (HBA1C) levels in Type 2 
diabetes mellitus. Asian J Pharm Clin Res. 2018;11(5):281–3. 
https ://doi.org/10.22159 /ajpcr .2018.v11i5 .24548 .

 44. Shaikh S, Memon A, Ata MA, et al. Association of serum bili-
rubin, serum malondialdehyde and glycemic control with retin-
opathy in type 2 diabetic subjects. Int J Diabetes Endocrinol. 
2017;2(1):10–4. https ://doi.org/10.11648 /j.ijde.20170 201.13.

 45. Zarei M, Farahnak Z, Hosseinzadeh-Attar MJ, et al. Lipid per-
oxidation and antioxidant enzymes activity in controlled and 
uncontrolled Type 2 diabetic patients. ARYA Atheroscler. 
2016;12(3):118–23.

 46. Fadhel AA, Yousif AK. Correlation of glycated hemoglobin 
(Hba1c) and serum uric acid in type-2 diabetic patients. Indian 
J Public Health Res Dev. 2019;10(5):1250–4. https ://doi.
org/10.5958/0976-5506.2019.01167 .7.

 47. Wei F, Chang B, Yang X, et al. Serum uric acid levels were 
dynamically coupled with hemoglobin A1c in the development of 
type 2 diabetes. Sci Rep. 2016;6(1):1–9. https ://doi.org/10.1038/
srep2 8549.

 48. Karuppannasamy D, Venkatesan R, Thankappan L, et  al. 
Inverse association between serum bilirubin levels and retin-
opathy in patients with type 2 diabetes mellitus. J Clin Diagn 
Res. 2017;11(2):NC09–NC12. https ://doi.org/10.7860/
JCDR/2017/24259 .9452.

 49. Farasat T, Sharif S, Manzoor F, et al. Serum bilirubin is signifi-
cantly associated with HbA1C in type 2 diabetic subjects. Endo-
crinol Metab Inter J. 2017;5(6):338–41. https ://doi.org/10.15406 
/emij.2017.05.00142 .

 50. Shrivastav C, Parekh PA, Kumar GI. A correlative study of body 
mass index with oxidative stress parameters (serum uric acid and 
serum malondialdihyde) in essential hypertension. Int J Res Med 
Sci. 2019;7(4):1252–6. https ://doi.org/10.18203 /2320-6012.ijrms 
20191 334.

 51. Ferreira TDS, Fernandes JFR, Araújo LDS, et al. Serum uric 
acid levels are associated with cardiometabolic risk factors 
in healthy young and middle-aged adults. Arq Bras Cardiol. 
2018;111(6):833–40. https ://doi.org/10.5935/abc.20180 197.

 52. An H, Du X, Huang X, et al. Obesity, altered oxidative stress, 
and clinical correlates in chronic schizophrenia patients. Transl 
Psychiatry. 2018;8(1):1–7. https ://doi.org/10.1038/s4139 
8-018-0303-7.

 53. Tabatabaei-Malazy O, Khodaeian M, Bitarafan F, et al. Polymor-
phisms of antioxidant genes as a target for diabetes management. 
Int J Mol Cell Med. 2017;6(3):135–47. https ://doi.org/10.22088 /
acadp ub.BUMS.6.3.135.

 54. Wu SS, Kor CT, Chen TY, et al. Relationships between serum uric 
acid, malondialdehyde levels, and carotid intima-media thickness 
in the patients with metabolic syndrome. Oxidat Med Cell Longev. 
2019;2019:6859757. https ://doi.org/10.1155/2019/68597 57.

 55. Dulull N, Kwa F, Osman N, et  al. Recent advances in the 
management of diabetic retinopathy. Drug Discov Today. 
2019;24(8):1499–509. https ://doi.org/10.1016/j.drudi 
s.2019.03.028.

 56. Verma MK, Singh SP, Alam R, et al. Comparative study on MDA, 
SOD and HbA1c levels in patients of type 2 diabetes mellitus 
with retinopathy and without retinopathy. Int J Pharm Sci Res. 
2016;7(10):4184–90. https ://doi.org/10.13040 /IJPSR .0975-8232.

 57. Inoguchi T, Sonoda N, Maeda Y. Bilirubin as an important physi-
ological modulator of oxidative stress and chronic inflammation in 
metabolic syndrome and diabetes: a new aspect on old molecule. 
Diabetol Int. 2016;7(4):338–41. https ://doi.org/10.1007/s1334 
0-016-0288-5.

 58. Zhu B, Wu X, Ning K, et al. The negative relationship between 
bilirubin level and diabetic retinopathy: a meta-analysis. PLoS 
ONE. 2016;11(8):e0161649. https ://doi.org/10.1371/journ 
al.pone.01616 49.

 59. Kumawat M, Kharb S, Singh V, et al. Plasma malondialdehyde 
(MDA) and anti-oxidant status in diabetic retinopathy. J Indian 
Med Assoc. 2014;112(1):29–322. https ://doi.org/10.1007/s1229 
1-008-0035-1.

 60. Kundu D, Mandal T, Mausumi N, et al. Oxidative stress in diabetic 
patients with retinopathy. Ann Afr Med. 2014;13(1):41–6. https ://
doi.org/10.4103/1596-3519.12695 1.

 61. Sekioka R, Tanaka M, Nishimura T, et al. Serum total bilirubin 
concentration is negatively associated with increasing severity 
of retinopathy in patients with type 2 diabetes mellitus. J Dia-
betes Compl. 2015;29(2):218–21. https ://doi.org/10.1016/j.jdiac 
omp.2014.12.002.

 62. Sekioka R, Tanaka M, Nishimura T, et  al. Low serum total 
bilirubin concentration in patients with type 1 diabetes melli-
tus complicated by retinopathy and nephropathy. Diabetol Int. 
2015;6(4):300–5. https ://doi.org/10.1007/s1334 0-014-0201-z.

 63. Yasuda M, Kiyohara Y, Wang JJ, et al. High serum bilirubin 
levels and diabetic retinopathy: the Hisayama Study. Ophthal-
mology. 2011;118(7):1423–8. https ://doi.org/10.1016/j.ophth 
a.2010.12.009.

 64. Lee R, Wong TY, Sabanayagam C. Epidemiology of diabetic 
retinopathy, diabetic macular edema and related vision loss. Eye 
Vis (Lond). 2015;2(17):1–25. https ://doi.org/10.1186/s4066 
2-015-0026-2.

 65. Senthilvel V, Radhakrishnan R, Sathiyamoorthi R, et al. A study 
on finding influencing factors on diabetic retinopathy among dia-
betic patients using Multiple Regression approach. IOSR J Dent 
Med Sci. 2012;1(4):20–3. https ://doi.org/10.9790/0853-01420 23.

 66. Hoque S, Muttalib MA, Islam MI, et al. Evaluation of HbA1c 
level and other risk factors in diabetic retinopathy: a study of type 
2 diabetic patients attending in a tertiary level hospital. KYAMC 
J. 2016;6(2):614–9. https ://doi.org/10.3329/kyamc j.v6i2.33738 .

 67. Magliah SF, Bardisi W, Al Attah M, et al. The prevalence and 
risk factors of diabetic retinopathy in selected primary care cent-
ers during the 3-year screening intervals. J Fam Med Prim Care. 
2018;7(5):975–81.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s12020-011-9449-2
https://doi.org/10.1007/s12020-011-9449-2
https://doi.org/10.1186/s13098-019-0446-6
https://doi.org/10.4021/jocmr425w
https://doi.org/10.4021/jocmr425w
https://doi.org/10.1016/j.diabres.2019.04.033
https://doi.org/10.1016/j.diabres.2019.04.033
https://doi.org/10.22159/ajpcr.2018.v11i5.24548
https://doi.org/10.11648/j.ijde.20170201.13
https://doi.org/10.5958/0976-5506.2019.01167.7
https://doi.org/10.5958/0976-5506.2019.01167.7
https://doi.org/10.1038/srep28549
https://doi.org/10.1038/srep28549
https://doi.org/10.7860/JCDR/2017/24259.9452
https://doi.org/10.7860/JCDR/2017/24259.9452
https://doi.org/10.15406/emij.2017.05.00142
https://doi.org/10.15406/emij.2017.05.00142
https://doi.org/10.18203/2320-6012.ijrms20191334
https://doi.org/10.18203/2320-6012.ijrms20191334
https://doi.org/10.5935/abc.20180197
https://doi.org/10.1038/s41398-018-0303-7
https://doi.org/10.1038/s41398-018-0303-7
https://doi.org/10.22088/acadpub.BUMS.6.3.135
https://doi.org/10.22088/acadpub.BUMS.6.3.135
https://doi.org/10.1155/2019/6859757
https://doi.org/10.1016/j.drudis.2019.03.028
https://doi.org/10.1016/j.drudis.2019.03.028
https://doi.org/10.13040/IJPSR.0975-8232
https://doi.org/10.1007/s13340-016-0288-5
https://doi.org/10.1007/s13340-016-0288-5
https://doi.org/10.1371/journal.pone.0161649
https://doi.org/10.1371/journal.pone.0161649
https://doi.org/10.1007/s12291-008-0035-1
https://doi.org/10.1007/s12291-008-0035-1
https://doi.org/10.4103/1596-3519.126951
https://doi.org/10.4103/1596-3519.126951
https://doi.org/10.1016/j.jdiacomp.2014.12.002
https://doi.org/10.1016/j.jdiacomp.2014.12.002
https://doi.org/10.1007/s13340-014-0201-z
https://doi.org/10.1016/j.ophtha.2010.12.009
https://doi.org/10.1016/j.ophtha.2010.12.009
https://doi.org/10.1186/s40662-015-0026-2
https://doi.org/10.1186/s40662-015-0026-2
https://doi.org/10.9790/0853-0142023
https://doi.org/10.3329/kyamcj.v6i2.33738

	Evaluation of some oxidative markers in diabetes and diabetic retinopathy
	Abstract
	Aims 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Blood sampling
	Investigations
	Statistic analysis

	Results
	Discussion
	Acknowledgements 
	References




