
iabetic retinopathy (DR) is a sight threatening, microvascular com-
plication of diabetes that affects the retinal vasculature.1,2 The over-
all prevalence of DR in diabetic patients is about 34% worldwide

and it is the leading cause of blindness among adults.3 It is characterized by
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The Correlation Between Red Cell
Distribution Width and

Diabetic Retinopathy in Patients with Type 2
Diabetes Mellitus

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Diabetic retinopathy (DR) is a serious complication of type 2 diabetes mel-
litus (DM), and is the leading cause of blindness among adults. Inflammation and oxidative stress
play an important role in DR pathogenesis. Red cell distribution width (RDW) is a reliable inflam-
matory and oxidative stress marker in various cardiovascular diseases, but there is a little data re-
garding its usefulness in ocular diseases. Thus, we aimed to investigate the correlation between
RDW and DR in this study. MMaatteerriiaall  aanndd  MMeetthhooddss:: A total of 180 patients with type 2 DM were en-
rolled in this study. Patients were divided into 2 groups. A hundred-forty nine patients (82.77%)
had no DR and, thirty one patients (17.22%) had DR. Complete blood cell parameters including
RDW and biochemical tests including hemoglobin A1c were noted at the time of first ophthalmic
examination. RReessuullttss::  RDW values were higher in DR (+) group than DR (-) group (14.92±1.71%
vs. 13.81±1.00%, respectively, p<0.001). In multivariate analysis, RDW remained an independent
predictor of DR (Odds ratio [OR] 1.691, 95% confidence interval (1.036-2.763), p=0.036) together
with duration of DM (OR 1.199, p<0.001) and hemoglobin A1c (OR 2.366, p=0.006). CCoonncclluussiioonn::
Elevated RDW levels were significantly associated with DR in patients with type 2 DM.

KKeeyywwoorrddss::  Diabetic retinopathy; erythrocyte indices; inflammation; oxidative stress 

ÖÖZZEETT  AAmmaaçç::  Diyabetik retinopati (DR), Tip 2 diabetes mellitus (DM) hastalığının ciddi bir komp-
likasyonu ve erişkinlerde körlüğün en önde gelen sebebidir. İnflamasyon ve oksidatif stres DR pa-
togenezinde önemli bir rol oynar. Kırmızı hücre dağılım genişliği [Red cell distribution width
(RDW)] pek çok kalp ve damar hastalığında güvenilir bir inflamasyon ve oksidatif stres belirteci-
dir, ancak göz hastalıklarında kullanımının yararı konusunda mevcut bilgi azdır. Bu nedenle çal-
ışmamızda, RDW ile DR arasındaki ilişkiyi araştırmayı amaçladık. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmaya
Tip 2 DM tanılı 180 hasta dahil edildi. Hastalar 2 gruba ayrıldı. Hastaların 149’unda DR tespit edil-
medi  (%82,77), 31 hastada DR mevcuttu  (%17,22). RDW dahil olmak üzere tam kan sayımı para-
metreleri ve hemoglobin A1c ölçümünü içeren kan biyokimya testlerinin ilk muayenedeki değerleri
kayıt edildi. BBuullgguullaarr::  DR mevcut hastalarda RDW değerleri, DR olmayanlara göre daha yüksek idi
(%14,92±1,71, %13,81±1,00, p<0,001). Multivaryant analizinde; DM süresi (Odds oranı-OR; 1,199,
p<0,001) ve hemoglobin A1c düzeyi ile birlikte (OR: 2,366, p=0,006), RDW değeri DR için bağımsız
bir etken olarak bulundu (OR: 1,691, %95 güven aralığı (1,036-2,763), p=0,036). SSoonnuuçç::  Yüksek
RDW değerleri, Tip 2 DM hastalarında DR varlığı ile anlamlı olarak ilişkilidir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Diyabetik retinopati; eritrosit indeksleri; inflamasyon; oksidatif stres
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microaneurysms, hemorrhages, exudates, intrareti-
nal microvascular abnormalities, abnormalities in
the venous caliber and neovascularization which
are the signs of both retinal ischemia and increased
vascular permeability. This progresses from mild
nonproliferative disease, to moderate or severe
nonproliferative retinopathy, and finally prolifera-
tive disease.4 Pathophysiologic mechanisms of DR
have not been fully elucidated yet, but increased
inflammatory response and oxidative stress are
widely accepted to play a key role in development
of DR.3,4 Noninvasive markers of DR development
may help to identify high risk patients in the set-
ting of type 2 diabetes mellitus (DM). 

Red cell distribution width (RDW), a measure
of heterogeneity in the size of circulating erythro-
cytes, is regarded to be inflammatory and oxidative
stress marker in many diseases as hypertension,
heart failure, coronary artery diseases, and stroke.5,6

RDW is being known as a global marker of chronic
inflammation and oxidative stress both of which
are telltale signs of type 2 diabetics.7 Elevated RDW
indicates the presence of anisocytosis, which is re-
lated to impaired erythropoiesis and erythrocyte
degradation, reflecting chronic inflammation and
high levels of oxidative stress.2,7 Oxidative stress di-
rectly damages erythrocytes and leads to shortened
erythrocyte survival, resulting in elevated RDW.7

The role of RDW in various cardiovascular diseases
has been reported but there is little data on the re-
lationship between RDW and diabetes-related oc-
ular complications.5

Hence, in this study based on the role of in-
flammation and oxidative stress in damage and
pathogenesis of DR, we aimed to evaluate whether
there is a correlation between RDW and DR in the
setting of type 2 DM.

MATERIAL AND METHODS

The study was undertaken at Dr. Sami Ulus Train-
ing and Research Hospital, Ophthalmology De-
partment, from June 2014 through 2015 November
and was designed as a retrospective clinical study.
A total of 180 patients with type 2 DM were exam-
ined. Patients were divided into 2 groups as with

and without DR. A hundred- forty nine patients
(82.77%) who had no DR and 31 patients (17.22%)
who had DR were determined at the time of first
routine ophthalmologic examination in our out-pa-
tient polyclinic. Diabetes were diagnosed and clas-
sified according to the World Health Organization
criteria in the family medicine department of our
hospital. The demographic data, initial ophthalmic
examination in our out-patient clinic such as visual
acuity, slit lamp examination of anterior and pos-
terior segment, intraocular pressure were evalu-
ated. The presence of DR was assessed by fundus
examination from biomicroscopy through dilated
pupils in slit lamp examination. Retinopathy was
classified as absent or presents (either nonprolifer-
ative or proliferative type). DR was described ac-
cording to American Academy of Ophthalmology
(AAO) and was based on the type in worse eye.8

The patients with; type 1 DM; or other dia-
betes types, such as gestational diabetes, hemato-
logic disorders, iron, vitamin B12 and folat
deficiency, acute or chronic infection, inflamma-
tory ocular and systemic diseases, any ocular med-
ication, chronic obstructive pulmonary disease,
chronic liver disease, end-stage renal failure, cur-
rent steroid therapy and/or history of steroid use 3
month before the admission and a history of cancer
and/or treatment with radiation or chemotherapy
were excluded from the study. 

The complete blood cell parameters, fasting
blood glucose levels, glycosylated hemoglobin (he-
moglobin A1c) levels, fasting serum lipids, serum
creatinine, body mass index scores, duration of DM
were determined at the time of the first ophthalmic
examination. The other systemic disorders were
also reported including hypertension and coronary
artery disease.

The serum RDW values were evaluated by
ABX Pentra DF120/USA biochemical analyzer.
Body mass index scores were calculated as weight
in kilograms divided by height in meters squared
(kg/m2).

This submission has received Institutional Re-
view Board/Ethics Committee approval. Described
research adhered to the tenets of the Declaration
of Helsinki.
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STATISTICAL ANALYSIS

All analyses were performed using the Statistical
Package for the Social Sciences (SPSS) for Windows
(version 18.0, SPSS, Chicago, IL). Quantitative vari-
ables were expressed as mean value ± standard devi-
ation for continuous variables or percentages for
categorical variables/string variables. Comparison of
continuous values between two groups was per-
formed by means of independent samples t-test. Cat-
egorical variables were compared by x2 test. The
receiver operating characteristic (ROC) curve analy-
sis was performed in order to determine the best cut-
off values for RDW, hemoglobin A1c and duration
of DM to predict DR and the sensitivity and speci-
ficity at that point were obtained. Univariate and
multivariate logistic regression analysis were used to
identify the independently associated predictors of
DR. All significant variables in univariate analysis
were entered to multivariate analysis. Two-tailed p
value <0.05 was considered statistically significant.

RESULTS

Of 180 patients, 31 patients (17.22%) had DR. Oral
agent use was higher in without DR and, insulin
use was significantly higher in with DR. The de-
mographic and clinical findings of study patients
were shown in Table 1. Duration of DM was longer
in DR (+) group. The rate of oral agent use was
higher in DR (-) group, while the prevalence of in-
sulin usage was higher in DR (+) group (p<0.001 for
both). Age and prevalence of history of coronary
artery disease were higher in DR (+) group, but this
difference was not statistically significant (p=0.066
and p= 0.056, respectively). The RDW levels were
13.81±1.00% in DR (-) group and, 14.92±1.71% in
DR (+) group. The RDW values were significantly
higher in DR (+) group than DR (-) group (p<0.001)
(Figure 1). The comparisons of laboratory meas-
urements between groups were shown in Table 2.
Fasting serum glucose, serum creatinine, hemoglo-
bin A1c levels and neutrophil to lymphocyte ratio
(NLR) values were also significantly higher in DR
(+) group. In multivariate analysis, RDW remained
an independent predictor of DR (Odds ratio [OR]
1.691, 95% confidence interval [CI] (1.036-2.763),
p=0.036) together with duration of DM (OR 1.199,

95% CI (1.083-1.327), p<0.001) and hemoglobin
A1c (OR 2.366, 95% CI (1.286-4.354), p=0.006)
(Table 3). The area under the ROC curve for RDW
was 0.717, and a RDW of 14.15 or higher predicted
DR with a sensitivity of 65% and specificity of 65%
(Figure 2). In addition, the area under the ROC
curves for hemoglobin A1c and duration of DM
were 0.776 and 0.857, respectively (cut off value
for hemoglobin A1c was 7.55% and for duration of
DM was 9.5 year) (Figure 3).

DISCUSSION

In our study, we have demonstrated a significant
association between DR and RDW in patients with
type 2 DM as well as duration of DM and hemo-
globin A1c.
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Diabetic retinopathy

Parameter No (n=149) Yes (n=31) p

Age (year) 60.82±7.57 63.68±8.91 0.066

Women 94 (63.08%) 23 (74.19%) 0.238

Duration of diabetes (year) 7.14±5.65 17.0±7.09 <0.001

Type of therapies

Oral agent use 143 (95.97%) 15 (48.38%) <0.001

Insulin use 23 (15.43%) 22 (70.96%) <0.001

Oral agent and insulin use 18 (12.08%) 6 (19.35%) 0.278

Body mass index score (kg/m2) 31.35±5.20 32.00±6.3 0.833

Presence of hypertension 112 (75.16%) 26 (83.87%) 0.297

History of coronary artery disease 9 (6.04%) 5 (16.12%) 0.056

TABLE 1: The demographic and clinical findings of 
subjects included in the study

FIGURE 1: Comparison of red cell distribution width levels between the
groups.



DR is one of the most important causes of
blindness. Monitoring of DM is very important in
order to prevent retinal complications with other
types of problems (renal, sensitive). The pathogen-
esis of DR is complex and several vascular, inflam-
matory, and neuronal mechanisms are involved.
Inflammation mediates structural and molecular al-
terations associated with DR.9,10 The underlying
mechanisms of this disease include inflammatory
changes and remodeling processes of the extracel-
lular-matrix (ECM) leading to pericyte and vascu-
lar endothelial cell damage that affects the retinal
circulation. In turn, this causes hypoxia leading to
release of vascular endothelial growth factor
(VEGF) to induce the angiogenesis process.3
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Diabetic retinopathy

Parameter No (n=149) Yes (n=31) p

Red cell distribution width (%) 13.81±1.00 14.92±1.71 <0.001

Hemoglobin (g/dL) 14.04±1.26 13.64±1.03 0.143

White blood cell count (103/µL ) 7.28±1.98 7.51±2.09 0.572

Neutrophil count (103/µL ) 4.15±1.54 4.68±1.61 0.096

Lymphocyte count (103/µL ) 2.31±0.75 2.09±0.65 0.134

Neutrophil to lymphocyte ratio 1.94±0.90 2.38±0.96 0.016

Mean platelet volume (fL) 8.78±0.88 8.83±0.76 0.753

Fasting serum glucose (mg/dL) 154.76±51.76 177.97±60.13 0.029

Hemoglobin A1c (%) 7.17±1.55 9.05±2.16 <0.001

Serum creatinine (mg/dL) 0.80±0.17 0.92±0.29 0.004

High-density lipoprotein cholesterol (mg/dL) 42.80±10.06 45.87±11.79 0.148

Low-densitiy lipoprotein cholesterol (mg/dL) 121.58±32.44 121.61±50.02 0.997

Total cholesterol (mg/dL) 196.94±37.40 190.90±46.74 0.449

Triglyceride (mg/dL) 172.32±104.78 150.93±71.70 0.303

TABLE 2: Comparison of laboratory parameters of the study population.

Univariate Analysis Multivariate Analysis

Variable Odds Ratio, 95% CI p Odds Ratio, 95% CI p 

Duration of diabetes 1.238 (1.143-1.341) <0.001 1.199 (1.083-1.327) <0.001

Hemoglobin A1c 1.677 (1.319-2.131) <0.001 2.366 (1.286-4.354) 0.006

Fasting serum glucose 1.007 (1.001-1.014) 0.033 1.020 (0.958-1.022) 0.080

Serum creatinine 11.704 (1.941-70.579) 0.007 1.652 (0.067-40.553) 0.759

RDW 2.020 (1.423-2.869) <0.001 1.691 (1.036-2.763) 0.036

NLR 1.558 (1.071-2.266) 0.021 1.290 (0.347-1.733) 0.535

TABLE 3: Factors predicting diabetic retinopathy on logistic regression analysis.

CI: Confidence interval; RDW: Red cell distribution width; NLR: Neutrophil to lymphocyte ratio.

FIGURE 2: The receiver operating characteristic curve analysis for red cell
distribution width (RDW) levels in predicting of diabetic retinopathy. Area
under curve (AUC) = 0.735 (0.680-0.791).
(See color figure at http://www.turkiyeklinikleri.com/journal/oftalmoloji-dergisi/1300-0365/)

RDW (%) 14.15
Sensitivity 65%
Specificity 65%
AUC 0.717
95% CI (lower) 0.609
95% CI (upper) 0.824



DR is more among Mexico-Americans than
non-Hispanic whites. Sociodemographic factors
such as age, medical treatment, education, and
gender of the patient are not considered to be risk
factors.11 DR development depends on different
factors including time affected by diabetes, blood
pressure, blood glucose, hemoglobin A1c and lipid
levels and, efficacy of multidisciplinary therapeu-
tic interventions.9,12 In addition to above men-
tioned findings, in this study, we have detected
independent association between elevated RDW
levels and DR together with hemoglobin A1c and
duration of DM. The prevalence of DR increases
with duration of diabetes, and more than 60% of
those with type 2 DM have some form of DR after
20 years.13 However, up to 25% of patients newly
diagnosed with type 2 DM may have retinopathy,
at the time of diagnosis.1 In our study 17.22% of
patients had DR and cut off value for duration of
DM was 9.5 year. Individuals with hemoglobin
A1c levels <6.5% generally develop little or
no DR.14 In our study cut off value for hemoglo-
bin A1c was 7.55.

RDW was shown to be significantly associated
with diabetic nephropathy in a type 2 diabetic pop-
ulation with advanced proliferative retinopathy.9 In
another study, RDW may be treated as effective
predictive index in the evaluation of diabetes
nephropathy or diabetes-associated complications.15

Malandrino et al. have shown that RDW may be an

important clinical marker of vascular complications
in diabetes and one that is independent of tradi-
tional risk factors and disease duration.16 An inter-
esting study has been made by Chung et al. and they
have mentioned reducing lipid peroxidation stress
of erythrocyte membrane by alpha-tocopherol
nicotinate plays an important role in improving
blood rheological properties in type 2 diabetic pa-
tients with retinopathy.17 Red blood cell deforma-
bility index is impaired in diabetics with
retinopathy, especially in those with severe vascu-
lar complications, and that this abnormal rheologi-
cal behavior of erythrocytes can be found even in
the early stages of diabetic microangiopathy.18

Numerous inflammation factors have shown
as having an effect on the development and pro-
gression of DR. Raised levels of inflammatory and
proliferative factors such as VEGF, interleukins
may demonstrate a significant role of activation of
vascular proliferation and local inflammation in the
pathogenesis of PDR.19 The relationship between
NLR as another inflammation marker and DR had
shown.20 Platelet-to-lymphocyte ratio, monocyte-
to-lymphocyte ratio, NLR and mean platelet vol-
ume are novel potential markers of inflammatory
responses. They are significantly increased in the
setting of DR.21 In our study, NLR value was sig-
nificantly higher in DR (+) group, but it was not
significant according to multivariate analysis re-
sults.
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FIGURE 3: A) The receiver operating characteristic curve analysis for hemoglobin A1c levels in predicting of diabetic retinopathy. Area under curve (AUC) = 0.776
(0.684-0.869). B) The receiver operating characteristic curve analysis for duration of diabetes mellitus (DM) in predicting of diabetic retinopathy. AUC= 0.857 (0.778-
0.935).

Hemoglobin A1c 7.55
Sensitivity 77%
Specificity 70%
AUC 0.776
95% CI (lower) 0.684
95% CI (upper) 0.869

Duration of DM (year) 9.5
Sensitivity 83%
Specificity 66%
AUC 0.857
95% CI (lower) 0.778
95% CI (upper) 0.935
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Our study had several limitations. First, the
study was a single center study. Second, we as-
sessed a relatively small number of subjects. Third,
we could not investigate other inflammatory mark-
ers such as high sensitivity C reactive protein and
interleukin-6 of patients which would support pre-
dictive value of RDW.

In conclusion, based on the role of inflamma-
tion and oxidative stress in damage and pathogen-
esis of DR; we thought that, elevated RDW levels
may be an indicator of an increased inflammatory
activity in patients with DR and as a simple and a
reliable prognostic biomarker, and RDW levels
should be evaluated in DR. Duration of DM and
hemoglobin A1c also remain as key factors for the

progression of DR. Further investigations and con-
trolled studies carried on larger groups are needed
to investigate the possible role of serum RDW lev-
els in DR patients.

ÇÇııkkaarr  ÇÇaattıışşmmaassıı
Yazarlar herhangi bir çıkar çatışması veya finansal
destek bildirmemiştir.
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