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Abstract
· AIM: To evaluate the rates of retinopathy without
diabetes and diabetic retinopathy (DR), associated with
some markers of oxidative stress, antioxidants and
cardiometabolic risk factors.

·METHODS: We determined the prevalence of DR in 150
type 2 diabetes mellitus (T2DM) patients, that of
retinopathy in 50 non diabetics, the levels of body mass
index (BMI), waist circumference (WC), blood pressure,
lipids, 8 -isoprostane, 8 -hydroxydeoxyguanosine (8 -
oHdG), gamma-glutamyl transferase (GGT), oxidized low
density lipoprotein (LDL) (OxLDL), thiobarbituric acid
reacting substances(TBARS), reduced glutathione (GSH),
superoxide dismutase (SOD), uric acid, creatinine,
albumin, total antioxidant status (TAOS), zinc, selenium,
magnesium, vitamin C, vitamin D, vitamin E, glucose,
apolipoprotein B (ApoB).

·RESULTS: The prevalences of DR at 53y and Rtp at
62y were 44% ( =66) and 10% ( =5), respectively. The

highest levels of 8-isoprostane, 8-OHdG, TBARS, SOD,
and OxLDL were in DR. The lowest levels of vitamin D,
vitamin C, TAOS, and vitamin E were in DR. In the case-
control study discriminant analysis, the levels of vitamin
C, vitamin D, ApoB, 8 -OHdG, creatinine, Zn, vitamin E,
and WC distinguished significantly non-diabetics without
DR (controls), T2DM patients without DR and T2DM
patients with DR.

·CONCLUSION: Anticipation of DR onset is significantly
associated with the exageration of oxidative stress
biomarkers or decrease of antioxidants in African type 2
diabetics. Prevention of oxidative stress and abdominal
obesity is needed. Supplementation in vitamin C, D, and
E should be recommended as complement therapies of
T2DM.
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INTRODUCTION

S everal reports suggest that increased oxidative stress and
impaired antioxidant defense are some contributory

factors for initiation and progression of microvascular
complications in diabetes mellitus (DM) [1-13]. Experimental
and clinical studies suggest that oxidative stress including
aging is increased in diabetic retinopathy (DR) presence
because of processes that can damage proteins, lipids,
polysaccharides and nucleic acids [1,3-10]. In rats with
experimentally induced diabetes, the retinas display more
extensive membrane lipid peroxidation and oxidative DNA
damage which are the consequences of reactive oxygen
species (ROS)-induced injury[11-13].
Moreover, "metabolic memory", phenomenon referred to the
persistence of DR after glucose control has been
reestablished [14]. The DR is a key marker of atherosclerosis,
uncontrolled hypertension, metabolic syndrome (MS)
including dyslipidemia, and insulin resistance (IR)[15-19].
However, Yamagishi [1] showed a significant association
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between increased oxidative stress, lower antioxidant system,
control of diabetes, creatinine, triglycerides, aging and DM
whereas the later factors were not associated with DR.
In Democratic Republic of Congo (DRC), Central Africa, DR
is one of the leading causes of visual disability (VD) among
young adults with shorter DM duration (median 3-5y),
demographic, epidemiologic and nutrition transitions as well
as increasing risk of cardiometabolic diseases and ocular
diabetic complications[14-16].
As reported by Ojaimi [20] and Pang [21], retinopathy
signs in people without DM and prediabetics are often
observed among black Bantu people from the Western region
of DRC (Mvitu Muaka, Unpublished data). The Los Angelos
Latino Eye Study (LALES) published only one report of
nondiabetic retinopathy in adult Latinos with a higher
prevalence of non diabetic retinopathy in comparison to other
population-based studies[22]. This study reported also a lack of
association between hypertension and retinopathy in its
population[21].
On clinical impression, a new retinopathy Bantu phenotype
may point to the dynamics and diversity of oxidative stress
and antioxidant defense in different compartments of the
body.
We hypothesize that isolated actions of genetics
(apolipoprotein B=ApoB, African descent) and environment
(Tobacco, obesity, insulin resistance), interactions of
genetical and environmental factors, diabetic retinal
hemodynamics, aging-related accelerating atherosclerosis and
almost of markers of disturbance of balance between
oxidative process and antioxidant defenses can distinguish
infraclinical retinopathy in non diabetics, type 2 diabetics
without DR, and type 2 diabetics with DR presence[23].
Therefore, the present findings might be important
therapeutically in altering the course of DR by supplements
of antioxidants such as vitamins, and preventing the risk
factors and consequences of DR and oxidative stress[24].
The objectives of this study were to evaluate rates of
retinopathy without diabetes, levels of some markers of
oxidative stress, antioxidants, cardiometabolic risk of
retinopathy in type 2 diabetes mellitus (T2DM) patients
without DR, and T2DM patients with DR. We also
investigated the discriminant function to separate the study
groups.
SUBJECTS AND METHODS
This was a case-control study conducted in Kinshasa town,
DRC, from July to September 2010. The cases of 150 T2DM
patients were matched for age, sex, residence, and
socioeconomic status (SES) to 50 apparently healthy and non
diabetic people recruited from public places of each Kinshasa
district (party lounges). Interviews, clinical examination and
eye examination were performed at Saint Joseph Hospital
Division of Ophthalmology in Kinshasa Limete, DRC.

T2DM was known by clinics and defined as a fasting serum
glucose逸126 mg/dL (逸7.0 mmol/L), and hemoglobin A1c
(HbA1c) 逸6.5% according to the American Diabetes
Association [25]. Sickle Cell disease, chloroquine side effects,
children, young adults <20y, fever, cancer, chronic
infections, antioxidants supplements, lipid lowering treatment
and refusal to participate in the study were excluded. The
inclusion criteria for 45 healthy non-diabetic controls were
neither been diagnosed by a physician as having retinopathy,
DM or use of hypoglycemic medication nor treated by lipid
lowering molecules or use of antioxidant supplements or any
known disease. Five asymptomatic participants (2 non
diabetics and 3 pre-diabetics) had retinopathy. Patients with
complete medical records agreed to enroll according to the
Helsinki Declaration. The study was approved by the Ethical
Committee of LOMO Medical Center, Kinshasa, Limete,
DRC.
Data Collection Survey methods included interviewer-
administered structured and standardized questionnaires,
laboratory measurements, physical examination, dietary
assessment, and eye examination using photographs. The
questionnaire was structured, standardized and pre-coded for
including information about demographics (sex, age,
residence, socioeconomic status), medical history, DM
duration, family history (not defined), medication, lifestyle
factors (smoking history, moderate or excessive alcohol
intake), and westernization/acculturation (rural-urban
migration, postmigration duration in town).
Clinical examination included measurements of current body
weight, waist circumference (WC), height and blood pressure
(BP). Weight in light clothes was measured to the nearest
100 g using a Soehnle scale (Soehnle-Waagen GmGh Co,
Murrhardt, Germany). Height was measured to the nearest
0.5 cm using a portable locally manufactured stadiometer.
Body mass index (BMI) was calculated as weight divided by
height in meter squared (kg/m2). Three consecutive diastolic
blood pressure (DBP) and systolic blood pressure (SBP)
measurements were recorded on the right arm using a
standard mercury sphygmomanometer with appropriate cuff
sizes at intervals longer than 2min after 15min of rest in
seated participants. The average of the second and third
readings was used in the present analyses. WC was measured
after a gentle expiration between the lower rib margins and
the iliac crest to the nearest millimeter using flexible tapes,
with participants standing with their heels together.
Anthropometric measures were performed using standardized
protocols[26,27].
For quality control, blood samples were collected and
assessed by the coefficients of variation (CV, intra and
interassay).
Enzyme activities for serum gamma-glutamyl transferase
(GGT) were determined according to standard laboratory
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procedures. Serum total cholesterol (TC) for CHOD-PAP
Method, triglycerides (TG) for GPO-PAP method, high-
density lipoprotein-cholesterol (HDL-C) for IRC method,
uric acid, and low-density lipoprotein cholesterol (LDL-C)
were measured using enzymatic colorimetric kits
(Biomerieux, Marcy l'Etoile, France).
Antibodies against Oxidized LDL-cholesterol (OxLDL) were
measured using solid phase two-site immunoassay based on
the direct sandwich technique; there are two genetic
determinants on the oxidized apoliprotein B molecules
(Mercodia AB, Sylveniusgaton 8A, SE 75 450, Uppsala,
Sweden). The laboratory tests in LOMO Medical
Laboratories were assayed using an automatic analyzer
(Hospitex Diagnostics, Florence, Italy). Glycated hemoglobin
fractions were measured in fresh anticoagulated blood
samples with both migration set-up using a semi-automated
multi-parameter instrument (HYDRASYS system, Serbia,
Evry, France) and densitometric scanning of unstained gels
9HYDRGEL 7/15 hBa1C) performed on HYRYS
Densitometer and gel carrier O and specific HbA1c (NGSP)
software (HYRYS densitometer, Serbia, Evry, France). After
including a control blood sample into each run of samples,
relative concentrations (% ) of three fractions in each
hemolyzate were yielded by the Densitometer scanning as
follows: the most cathodic corresponding to the minor
glycated hemoglobin A1C (HbA1c), and the most anodic
being the main fraction containing Ao and A2 hemoglobins.
The majority of markers of oxidative stress, total antioxidant
status (TAOS), micronutrients (Zinc, Selenium, Magnesium),
vitamins (C, D, E), superoxide dismutase (SOD), 8-isoprostane,
8-hydroxydeoxyguanosine (8-OHdG), erythrocyte glutathione
peroxidase (GPx), reduced glutathione (GSH), and
thiobarbituric acid reacting substances (TBARS) were
measured at the Analytical Chemistry Laboratory of the
Walter Sisulu University, Mthatha, South Africa.
Commercial Cayman's Kits (Cayman Chemical Company,
Ann Arbor, MI, USA) were used to measure TAOS, SOD,
and 8-isoprostane in plasma. Serum 8-OHdG levels were
measured by utilizing a competitive enzyme linked
immunosorbent assay method on Biomerieux Reader version
and commercial kits supplied by Northwest Laboratories
(Northwest Life Science Specialities, LLC, Vancouver, WA
98662, Canada).
Levels of TBARS were measured from serum samples and
expressed as mmol/L [28]. For that, samples were run
simultaneously with quality control samples of pooled serum
nonstudy normal healthy people. If analysis of the quality
control TBARS level varied from 依2SD of a mean
determined by a total of 60 runs, and between-week runs, the
analysis was deemed unacceptable and was repeated. GPx
activity was measured from the washed packed cell fraction

based on a kinetic method and units of activity normalized
per milligram of hemoglobin[28].
The serum Se, Mg, and Zn concentrations were determined
by direct electrothermal atomic-absorption spectrometry on
AAS Unicam (Serum mineralized in microwave system,
Milestone, Italy).
Serum 琢-tocopherol (vitamin E), ascorbic acid (vitamin C),
and 1.25 (OH) 2D (1,25-dihydroxy-vitamin D) were analyzed
using reverse phase high performance liquid chromatography
(HPLC) with multiwavelength.
The very low density lipoprotein cholesterol (VLDL-C) was
calculated based on the Friedewald equation and excluding
participants with TG逸400 mg/dL: VLDL=TG/5[29].
The relative homeostasis model-based insulin resistance
(HOMA-IR) was calculated using the formula of Mathews:
HOMA-IR= (fasting insulin伊fasting plasma glucose)/22.5 in
case of glucose concentrations in mmol/L and by 405 in case
of glucose concentrations in mg/dL[30].
Fasting plasma glucose (FPG), fasting plasma insulin and
serum creatinine (滋mol/L) were measured with commercially
prepared kits (Biomerieux, Marcy l'Etoile, France). The
coefficient of variation levels were as follows : 3.5% for
GGT, 2% for TC, 3% for HDL-C, 2.5% for TG, 3% for
OxLDL, 4% for LDL-C, 2% for HbA1c, 2.2% for ApoB,
2.3% (2.6% interassay) for 8-OHdG, 2.9% (3.2% interassay)
for 8-isoprostane, 3% (2.5% interassay) for GSH, 4.5%
(5.4% interassay) for TBARS, 3.5% for TAOS, 6% for SOD,
8% for GPx, 5.4% for Zn, 2.8% for vitamin C, 5.3% for
vitamin E, 3.6% for vitamin D, 1.5% for FPG, and 2% for
insulin.
Eye examination of each participant included visual acuity
(VA) measurement, ocular alignment and motility, pupil
reactivity and function, visual fields, intraocular pressure
measurement (mm Hg), slit lamp examination of the cornea,
iris, lens and vitreous, and dilated funduscopic evaluation.
This fundus examination was detailed and performed at the
best possible mydriasis, after dilating the pupils with
tropicamide (1% ) and phenylephrine (10% ), by indirect
ophthalmoscopy at the slit lamp (Haag Streit 900) with 90D
lens. Participants were refracted with the use of standard
subjective refraction techniques.
VA was measured under similar lighting conditions by an
ophthalmologist. VA was measured separately for each eye
and was defined according to the lowest line on the chart for
which the majority of letters were read correctly, with the full
required distance correction as determined by the decimal
optometric scale. For the classification of retinopathy, the
modified Airlie House classification as introduced by the
Early Treatment Diabetic Retinopathy Study (ETDRS) was
used as follows: non-proliferative (NPDR), proliferative
(PDR) and maculopathy.
Definitions Retinopathy was defined by the presence of one
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of the following lesions in either eye: retinal
microaneurysms, blot hemorrhages, cotton-wool spots, hard
exsudates, intraretinal microvascular abnormalities, venous
beading, new retinal vessels, preretinal or vitreous
hemorrhages, or macula edema. DR was defined by
nonproliferative and/or proliferative lesions. DR was
considered non proliferative retinopathy as microaneurysms,
dot or blot hemorrhages, venous abnormalities, cotton-wool
spots, and hard exsudats. DR was condirered proliferative
retinopathy as growth of new retinal blood vessels
(neovascularization), retinal or vitreous hemorrhages, and
vitreoretinal traction.
The study groups were constituted of non diabetics without
retinopathy, non diabetics with retinopathy, T2DM patients
without DR and T2DM patients with DR.
Longer DM duration was 逸5y (the median value).
Cardiometabolic risk was defined by the variations of the
mean values of age (aging), BMI, TC, 10-year absolute
cardiovascular risk (10-year ACVR) according to Framingham
equation, TC/HDL ratio, Non-HDL (TC-HDL-C), TG/HDL
ratio, LDL/HDL ratio, VLDL, HDL-C, LDL-C. TG, WC,
SBP, DBP, and HOMA-IR.
The categorical case-control was constituted of apparently
healthy non-diabetics controls without retinopathy, T2DM
patients without DR and T2DM patients with DR.
The imbalance of oxidant/antioxidant status was defined by
increased levels of lipid peroxidation markers (8-isoprostane,
TBARS, OxLDL), DNA oxidation product (8-OHdG), and
extracellular catabolism of GSH, SOD, GPx), and non-
enzymatic antioxidants (albumin, uric acid, TAOS, vitamin
C, vitamin D,vitamin E, Zn, selenium).
Metabolic syndrome (MS) was defined according to IDF
criteria with European cutoffs [31], including the following
components: a male with a WC 逸94 cm or a female with a
WC ≥ 80 cm MS if they also have two or more of the
following : Triglycerides 逸150 mg/dL (1.7 mmol/L) or
specific treatment for this lipid abnormality, reduced
concentration of HDL-C <40 mg/dL (1.03 mmol/L) in males
and <50 mg/dL (1.29 mmol/L) in femalesor specific
treatment for this lipid abnormality, SBP逸30 mm Hg or
DBP 逸85 mm Hg or treatment of previously diagnosed
hypertension, and Fasting Plasma Glucose 逸100 mg/dL
(5.6 mmol/L) or previously diagnosed T2DM.
Tolerance glucose in non diabetics was defined using 2
H-post load tests of 75 g of dextrose (PG): normal glucose
tolerance with PG<7.8 mmol/L and pre-diabetes with PG=
7.8-11 mmol/L.
Statistical Analysis Data were reported as proportions (%)
for categorical variables and mean 依standard deviation for
normally distributed continuous variables. The Chi-square
test was used to compare proportions while comparisons of
means between two groups and three groups were performed

using the Student's -test and one Way variance (ANOVA)
with Bonferroni Post-Hoc test, respectively.
Kruskal-Wallis H-test, a non parametric test, was used for
comparisons of means of asymmetric continuous variables
(GGT, HOMA-IR, SOD) across the groups.
We used analysis of the area under the curve (AUC with 95%
CI) of receiver operating characteristic curves (ROC) to
compare the ability of markers between T2DM patients and
non-diabetics without retinopathy. According to the
sensitivity and specificity, the best cut-off points elevated for
8-OHdG and decreased for vitamin D, vitamin E, vitamin C,
and Zn, were the most accurate biomarkers of imbalance of
oxidant/antioxidant status.
Fisher's Stepwise Discriminant function analysis was used to
determine which variables discriminate between the groups
in the case-control approach and all participants. With this
respect canonical analysis, the maximum number of three
functions was equal to the number of 4 groups minus one in
the case-control study and the maximum number of 4
functions equal to the number of 5 groups minus one in all
participants. The larger standardized beta coefficient, the
greater was the contribution of the respective variables to the
discrimination between groups.
All of the statistical analyses were two-sided and a <0.05
was considered statistically significant. Data analysis was
carried out using the Statistical Package for Social Sciences
(SPSS) for Windows version 19 (SPSS Inc, Chicago, IL,
USA).
Ethics Statement The study protocol was approved by the
local Ethics Committee (Comit佴 d'Ethique et de Recherche)
of LOMO Clinic, Kinshasa, DRC, and was conducted
according to the principles of Helsinki Declaration. After
informed verbal consent, satisfactory for the local Ethical
committee like in all sub-Saharan African countries (the
majority being illiterate), patients who completed their
comprehensive physical examination were included in the
study.
RESULTS
In total, 200 participants (45 non-diabetics without
retinopathy, and 150 T2DM patients in case-control study +5
non-diabetics with retinopathy) were investigated. Table 1
summarizes the comparisons of levels of sociobiographical
and clinical variables in the case-control study. Only higher
levels of smoking, BMI, low SES, and WC but lower levels
of moderate alcohol intake were significantly associated with
T2DM. The levels of smoking, low SES, moderate alcohol
intake, HbA1c, BMI and WC varied significantly between
non-diabetics without retinopathy, T2DM patients without
DR (the highest levels) and T2DM patients with DR and the
lowest proportion of moderate alcohol intake.
Compared with non-diabetics without retinopathy, all T2DM
patients had significantly higher levels of TC, LDL-C, TG,
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non HDL, VLDL, ApoB, Homa-IR, abdominal obesity, MS,
IR, SOD, 8-Isoprostane, TBARS, OxLDL, 8-OHdG, uric
acid, GGT, but significantly lower levels of HDL-C, Gpx,
TAOS, vitamin C, vitamin E, vitamin D, Zn, Se and Mg
(Tables 2-4). Except for uric acid and reduced Glutathione,
the rest of variables varied significantly across the
case-control study groups: the highest level of oxidant
markers and the lowest level of antioxidants in T2DM with
DR. There was a significant association between highest
levels of ages (62.4依5.6y; <0.0001), ApoB (2.5依2.2 g/L;

<0.0001), and GGT (52.4依10.4 UI/L; =0.006), but lowest
levels of SBP (106 依19.5 mm Hg; =0.011), and BMI
(21.8依2.3 kg/m2) with retinopathy without T2DM compared

to those of the rest groups in all participants. The level of
Homa-IR was higher in non diabetics with retinopathy (6依6;

<0.0001) than that in non diabetics without retinopathy,
and the half value in T2DM patients with DR ( <0.0001).
In the case-control study discriminant analysis, the levels of
vitamin C, vitamin D, ApoB, 8-OHdG, creatinine, Zn,
vitamin E, and WC distinguished significantly non-diabetics
without DR (controls), T2DM patients without DR and
T2DM patients with DR (Table 5, Figure 1).
The Discriminant Analysis identified the following as the
most important parameters to separate all non diabetics
(controls without DR thus without retinopathy and controls
with alike DR thus with retinopathy) from T2DM without

Table 1 Comparisons of levels of sociobiographical and clinical variables in the case-control                sx ± , n (%)  

Parameters Non diabetics without 
retinopathy All type 2 diabetics T2DM without DR T2DM with DR P 

Sex       0.638 
M 21 (46.7) 65 (43.3) 39 (46.4) 26 (39.4)  
F  24 (53.3) 85 (56.7) 45 (53.6) 40 (66.6)  

Age (a) 50.7±13 55.2±13 56.6±12.4 53.4±13.6 0.046 
Smoking 2 (4.4) 2 (4.4) 34 (22.7) 8 (9.5) 26 (39.4) 
Alcohol intake       

Moderate  17 (37.8) 27 (18) 16 (19) 11 (16.7) 0.014 
Excessive  0 (0) 0 (0) 0 (0) 0 (0)  

Low SES  19 (42.2) 102 (68) 55 (65.5) 47 (71.2) 0.003 
DM duration ≥5a - 105 (70) 51 (60.7) 54 (81.8) <0.004 
VD  5 (11.1) 97 (64.7) 63 (75) 34 (51.5) <0.0001 
Medications      
Insulin therapy    49 (58.3) 39 (59.1)  
Diabetic antioral    35 (41.7) 27 (40.9)  
Non control      
Glycemia   118 (78.7) 66 (71.4) 52 (78.8) >0.05 
Hypertension   54 (36) 29 (34.5) 25 (37.9) >0.05 
HbA1c (%)  5±0.6 9.3±4.1 9.8±4.3 9.8±4.3 <0.0001 
BMI(kg/m2) 22.4±2.9 25.8±5.0 26.3±5.0 25.2±5 <0.0001 
WC(cm) 81.0±15.0 94.7±14.2 95.4±12.2 93.8±16.4 <0.0001 
Migration time(a) 35.8±14.3  36.0±17.1 41.9±16 0.047 

 
Table 2 Comparisons of levels of cardiometabolic biomarkers in the case-control study                      sx ± , n (%) 

Cardiometabolic markers Non diabetics without 
retinopathy 

All type 2 
diabetics T2DM without DR T2DM with DR P 

TC (mg/dL) 174.2±141 203.2±56.2 205.1±54.6 200.8±58.6 0.006 
HDL-C (mg/dL) 56.3±14.5 45.3±27.5 46.6±118.8 43.5±35.8 0.030 
LDL-C (mg/dL) 63.1±27 86.7±45.7 86.2±42.8 47.3±49.5 0.005 
TG (mg/dL) 75.6±7.4 131.8±45.5 125.2±45.6 137±45.1 <0.0001 
Non HDL (mg/dL) 117.9±40 150.8±54.6 146.4±56.3 154.3±53.3 <0.001 
VLDL (mg/dL) 15.1±1.5 26.5±9.2 25.5±9.4 27.4±9 <0.0001 
ApoB (g/L) 0.54±0.33 1.3±1.5 0.79±0.62 1.9±1.97 <0.0001 
Homa-IR (n) 3.2±3.3 10.7±9.9 8.7±10.1 13.4±9.1 <0.0001 
Abdominal obesity n(%) 4 (8.9) 88 (58.7) 52 (61.9) 36 (54.5) <0.0001 
MS n (%) 7 (15.6) 100 (73.3) 60 (71.4) 50 (75.8) <0.0001 
IR n (%) 5 (11.1) 76 (51.7) 30 (36.6) 46 (71.8) <0.0001 
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DR and T2DM with DR: 8-OHdG (Wilks' Lambda=0.516),
TBARS (Wilks' Lambda=0.462), BMI (Wilks' Lambda=
0.449), Fasting Plasma Glucose (Wilks' Lambda=0.435), and
TAOS (Wilks' Lambda=0.414) (Figure 2).
DISCUSSION
This study provided the first regionally representative burden
of DR in diabetic black Central Africans. The potential
mechanisms of DR development were investigated.
Among non diabetic controls, 10% had the typical
combination and distribution of features characteristics of
DM without veno-occlusive diseases, retinal vasculopathies,
hyperviscosity syndrome, or other conditions. This finding

confirmed the literature reports of retinopathy among
pre-diabetic probably latent diabetic people[8,9,20,21].
The present prevalence of 44% of DR among T2DM patients
was within rates of DR estimated in 7%-63% of sub-Saharan
Africans [5-7]. Within the expected increased prevalence and
incidence of T2DM in Kinshasa population [3,4], due in part to
urbanization, poverty, westernization, globalization, metabolic

Table 3 Comparisons of levels of oxidant biomarkers in the case-control study                           sx ± , n (%) 

Parameters Non diabetics without 
retinopathy All type 2 diabetics T2DM without DR T2DM with DR P 

Lipid peroxidation      
8-isoprostane (ng/mL) 39.9±18.6 81.9±43.8 73.9±48.6 92.1±34.7 <0.0001 
TBARS (mmol/L) 4.4±1.4 8.9±4.2 9.1±5.2 8.7±2.5 <0.0001 
OxLDL (U/L) 53.8±14.8 61.8±22.2 60.2±19.5 63.9±25.3 0.044 
DNA oxidation      
8-OHdG (mg/mL) 31.4±15.2 62.1±25.2 54.5±25.3 71.7±21.6 <0.0001 
Catabolism of GSH      
GGT (UI/L) 10.6±6.4 36.7±50.2 33.8±47.2 40.3±53.9 <0.0001 

 Table 4 Comparisons of levels of antioxidant biomarkers in the case-control study                          sx ± , n (%) 

Parameters 
Non diabetics 

without 
retinopathy 

All type 2 
diabetics T2DM without DR T2DM with DR P 

Non enzymatic markers      
TAOS (mmol/L) 1.7±0.8 1.1±0.7 1.1±0.7 1.1±0.7 <0.0001 
Vitamin C (mg/dL) 4.5±1.5 1.7±0.7 2.0±0.6 1.2±0.7 <0.0001 
Vitamin E (μmol/L) 28.2±3.6 16.8±4.5 17.4±5 15.9±3.6 <0.0001 
Vitamin D (mmol/L) 77.3±17 32.3±14.4 38±11.3 25.1±14.8 <0.0001 
Albumin (g/dL) 4.3±0.4 4.6±1.3 4.6±0.8 4.6±1.8 >0.05 
Uric acid (mg/dL) 4.7±1.6 5.4±1.9 5.4±2 5.4±1.8 >0.05 
Zn (μg/dL) 97.1±3.6 68.1±19.6 70.3±21.3 66.5±18.2 <0.0001 
Se (μg/L) 126.4±12.1 101.8±19.8 101.2±19.4 102.7±20.4 <0.0001 
Mg (mg/dL) 0.83±0.11 0.68±0.25 0.70±0.25 0.65±0.25 <0.0001 

Enzymatic markers      
Glutathione peroxidase (GPx:mg/dL 
packed red blood cell) 43.2±10.4 41.8±10.8 41.4±10.8 42.3±10.7 >0.05 

SOD (U/mL) 0.9±0.5 2.7±1.6 2.4±1.6 3.2±1.6 <0.0001 

 
Table 5 Classification functions between non-diabetics without 
retinopathy, T2DM patients without DR and T2DM patients with DR 
in the case-control study 

Parameters Non-diabetics 
without retinopathy 

T2DM 
without DR 

T2DM 
with DR 

Vitamin C (mg/dL) 2.362 0.899 1.785 
Vitamin D (mmol/L) 0.259 0.074 0.012 
ApoB 1.478 1.380 2.128 
8-OHdG (mg/mL) 0 0.056 0.088 
Creatinine (mg/dL) 1.016 1.339 1.378 
Zn 0.278 0.175 0.193 
Vitamin E (mmol/L) 1.443 0.888 0.829 
WC (cm) 0.398 0.488 0.482 
Constant  -100.211 -91.118 -93.379 

Excluded from the Fisher’s linear discriminant functions: Se, non HDL, 
OxLDL, TC, 8-isoprostane, SOD, age, HDL-C, TBARS, GGT, Homa-IR, 
BMI, TAOS and post migration living time in town. 
 

Figure 1 Discriminant functions for retinopathy presence
groups in the case -control study. Canonical Discriminant
Functions case population: case population.
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syndrome, and decreasing physical activity, the burden of DR
might be expected to increase in non diabetics and diabetics
as well. The World Health Organization and the American
Diabetes Association criteria for diagnosing DM assume the
presence of a glycemic threshold with high sensitivity for
identifying retinopathy [31]. Interestingly, the present study
suggests that oxidative stress contributes to onset of DR not
only in the context of biological definition of DM, but also in
people with normal glucose tolerance and pre-diabetes [31,32].
This phenomenon is named "metabolic memory"[14,33].
In characterizing the oxidative stress, the antioxidant
capacities and the cardiometabolic risk of blood and
biophysical markers of obesity, the present study provided
evidence for the involvement of oxidant/antioxidant
imbalance in the pathogenesis of DR. The oxidant/
antioxidant imbalance was characterized by an increase in
lipid peroxidation, DNA oxidation damage products, and
enzymes of liver disease. At the same time, adequate levels
of the enzymatic and non enzymatic antioxidants, responsible
for scavenging free radicals, were not efficient.
The older age, and high proportion of metabolic syndrome
observed in controls with retinopathy, already indicators of
oxidative stress, may explain the higher risk of retinopathy in
this group in comparison with controls without retinopathy[34].
These controls with retinopathy had also the highest level of
GGT (another marker of oxidative stress) among all
participants. The highest levels of 8-OHdG, 8-isoprostane,
TBARS, and OxLDL, but the lowest values of TAOS,
vitamin C, vitamin D, and vitamin E among the present
T2DM group with DR confirmed the significant impact of
the imbalance of oxidant/antioxidant status in the
pathophysiology of DR from several studies[10-17].
However, SOD had the highest values among T2DM patients
with DR. This finding takes place among conflicting data
about SOD, GSH, uric acid, albumin and oxidative-induced
conditions. Kumawat [35] reported recently a positive

correlation of SOD with GSH in type 2 diabetes patients with
nephropathy, one of the leading vascular complications in
diabetes. Many other studies have also reported a decrease in
SOD level in blood [35]. The SOD activity becomes low in
diabetic patients because about 50% of SOD in erythrocytes
is glycated [36,37]. Results from animal and human studies
reported both increase and decrease in SOD activity in
erythrocytes [38]. The effects of diabetes on activity of
antioxidant enzymes including SOD are contradictory in
various tissues [38,39]. Increased activity of SOD in our study
may be a compensatory response to oxidative stress.
T2DM in general and T2DM with DR in particular, were
associated with increased frequency of metabolic syndrome
and hypertension which lead to increased free radical activity
and atherosclerotic diseases [34]. Obesity, physical inactivity,
and insulin resistance related to metabolic syndrome and
hypertension induce oxidative stress through low grade
inflammation status and endothelial dysfunction.
TBARS, BMI, and 8-OHdG alongside with FPG and TAOS
were the most important and powerful parameters able to
discriminate controls without retinopathy, controls with
retinopathy, T2DM patients without DR, and T2DM patients
with DR. These findings suggest that primordial and primary
preventions on DR are better than cure in terms of clinical
implications.
Clinical Implications and Perspectives for Public Health
Our findings will impact on the management (etiology,
diagnosis, and prevention)[15]. Primordial prevention of DR in
non diabetics and primary prevention in T2DM patients are
still feasible to prevent DR, whereas antioxidant supplements
in T2DM may be late, questionable with conflicting results.
Measures of controlling obesity are needed in controls
without DR to reduce the levels of 8-OHdG. The hydroxyl
radicals may attack DNA strands causing the addition to
DNA bases, which lead to the generation of variety of
oxidation products such as 8-OHdG. Evidence suggests that
8-OHdG is the most commonly detected by-product of DNA
damage and considered as a biomarker of oxidative stress,
strongly associated with DR[4,40].
As many Africans with T2DM present malnutrition, decrease
in BMI may worse oxidative stress defined by increased
levels of TBARS, a product of lipid peroxidation [41]. The
process of lipid peroxidation occurs in response to elevated
levels of ROS. Lipid peroxidation of cellular sctructures, a
free-radical-induced activity, may play a crucial role in
ageing, atherosclerosis and diabetic microvascular
complications.
Nutrition education is needed for these Central Africans as
the background of decreased levels of TAOS, vitamin C,
vitamin D, and vitamin E in T2DM patients with DR should
be an appropriate diet rich in antioxidants[34].

Figure 2 Discriminant functions for retinopathy presence
groups in all participants. Canonical discriminant functions.
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An intensive therapy with insulin, oral antidiabetics and diet
rich in fibers may reduce the risk of DR. Control of blood
glucose may also prevent DR among non diabetics. Indeed,
in the discriminant Analysis, a significant distance related to
FPG separated controls without DR and controls with DR.
Control of blood pressure, laser photocoagulation for DR and
regular dilated indirect ophthalmoscopy, and use of aspirin
will complete the preventive measures for DR.
Control of dyslipidemia (metabolic syndrome, increase in
Apo B) is needed.
Study Limitations The present study could be limited to
some degree because of its cross-sectional design and small
size. DR must be interpreted with caution out of longitudinal
and prospective studies capable to demonstrate definitive
causal association between DR and the imbalance of
Oxidant/Antioxidant status in these Central Africans.
These findings demonstrate that DR is a real public health
problem among T2DM patients and non diabetics. There is a
significant association between increased oxidative stress,
antioxidant deficiencies, metabolic syndrome and DR
prevalence in diabetes.
Supplements in vitamins C, D, and E are recommended as
complement therapies in the management of T2DM.
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