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ABSTRACT
Introduction: Red cell distribution width (RDW) is a red cell 
measurement given by fully automated hematology analyzers. It is 
a measure of heterogeneity in the size of circulating erythrocytes. 
Studies have shown that it is a prognostic marker in non - anemic 
diabetic patients with symptomatic cardiovascular disease but its 
correlation with cardiac failure in diabetics has not been studied 
so far. Moreover, studies have also shown that a higher RDW 
may reflect an underlying inflammatory state. Since Diabetes is 
a pro inflammatory state there is a possibility that  it might have 
an influence on the RDW values even when there is no cardiac 
failure, but research data on this aspect is lacking.

B-type natriuretic peptide (BNP) is a proven marker for cardiac 
failure whose values are comparable with echo cardio graphic 
findings in assessing the left ventricular dysfunction. 

Aim and Objectives: This study aimed to find out the correlation 
between RDW% and serum BNP levels in Diabetics with heart failure 
(cases) when compared to those without failure (controls). Further, 
we compared the RDW % values of the cases with controls.

Settings and Design : The study was approved by institutional 
ethical and research committee. A cross-sectional study was 
conducted with patients attending the Diabetes clinic of a tertiary 
care hospital in Chennai, India, during the period of October to 
December 2013. 

Hundred known cases of type II Diabetes mellitus attending 
Diabetes centre of the Hospital, with clinical and Echo cardio 
graphic features of cardiac failure were included as cases.  
Hundred age and gender matched diabetics with negative 
history of cardiovascular disease and with normal Echo cardio 
graphic features were included as controls. Informed consent 
was obtained from all the cases and controls.

Demographic data and clinical history were gathered from all the 
cases and controls by using a standardized self – administered 
questionnaire.

Biochemical and hematological parameters which included 
Fasting and Postprandial blood sugar, Glycosylated hemoglobin, 
Complete Blood count including RDW and serum BNP were 
performed for all the cases and controls.

Statistical Analysis: Results were tabulated and analysed using 
SPSS 20.0 version

Results: A statistically significant correlation (p<.001) was found 
between  Red cell Distribution Width % and Serum B type 
Natriuretic Peptide values in the cases. Further, RDW% showed 
a statistically significant difference between cases and controls.

Conclusion: RDW% can be used as a screening parameter to 
identify cardiac failure in Diabetic patients similar to non-diabetic 
cardiac failure. RDW% values are significantly higher in cases of 
Diabetes with failure in comparison to uncomplicated Diabetes.

INTRODUCTION 
Red cell distribution width (RDW) is a measurement that quantitates 
heterogeneity of red cell volume. Though it was originally used 
as an index to classify anemias [1], studies have now shown its 
usefulness as a prognostic marker of Cardio vascular disease [2] 
and in particular of heart failure [3]. But not many studies have 
assessed its association with other failure markers especially in 
diabetic cases. Studies have also indicated that a higher RDW may 
reflect an underlying inflammatory state [4,5].

B-type natriuretic peptide (BNP) is a marker for left ventricular 
dysfunction (cardiac failure) whose diagnostic potential has been 
proven by many studies [6]. 

AIMS AND OBJECTIVES 
This study aimed to find out the correlation between RDW% and 
serum BNP levels in Diabetics with heart failure (cases) when 
compared to those without failure (controls).

Settings and Design
A cross-sectional study was conducted with patients attending the 

Diabetes OPD of the institution. Informed consent was obtained 
from all the cases and controls. Demographic data and clinical 
history were gathered from all the patients by using a standard self 
– administered questionnaire.

MATERIAlS AND METhODS
Hundred known cases of type II Diabetes mellitus attending Diabetes 
centre of the Hospital, with clinical and Echo cardio graphic features 
of cardiac failure were included as cases (Group A) based on the 
inclusion and exclusion criteria given below: 

Inclusion Criteria
1. Consenting patients
2. H/o Diabetes mellitus 
3. Age group – 20-60 yrs
4. Fulfilling Framingham Heart Failure Diagnostic Criteria [7]

Exclusion criteria
1. Cardiac failure without a history of Diabetes mellitus
2. Patients with Hemoglobin <11g/dl for females and <12 for males 
[8-10].
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Biochemical parameters which included Fasting and Postprandial 
blood sugar were performed using fully automated biochemistry 
analyser, and Glycosylated hemoglobin using immuno turbidimetric 
method. Complete Blood count including RDW was done using fully 
automated hematology analyser KX-21. Serum BNP analysis was 
done using ELISA for all the cases and controls.

RESUlTS
Ninety percent of cases and controls were males. [Table/Fig-1] 
shows the baseline characteristics of cases and controls. The mean 
duration of diabetes was higher in cases (mean=10.39 years) when 
compared to controls (6.56 years). 

[Table/Fig-2] shows the results of unpaired t-test between control 
and cases for RDW% and Hb. A statistically significant difference was 
observed between cases and controls with RDW while Hemoglobin 
values did not show any such difference in both the groups.

[Table/Fig-3] demonstrates the increase in RDW values (%) in cases 
in comparison with controls. The minimum and the maximum values 
show an increase of 1% and 2.6% respectively in cases than in 
controls.

[Table/Fig-4a,b] illustrates the increasing trend of both RDW and 
BNP values from controls to cases which is highlighted by the trend 
line

Pearson’s correlation was calculated for RDW, BNP and Hemoglobin 
values in both controls as well as in cases [Table/Fig-5]. RDW 
showed statistically significant positive correlation with BNP values 
in cases with an ‘r’ value of +0.866 and p-value of <0.001. This was 
further highlighted in the scatter gram [Table/Fig-6] which shows 
increasing RDW values with increasing BNP values.

Hundred age and gender matched diabetics with negative history 
of cardiovascular disease and with normal Echo cardio graphic 
features were included as controls. Fasting whole blood, Fluoride 
and EDTA samples were collected from all the cases and controls 
for performing complete hemogram, fasting blood sugar and 
HbA1c. Post prandial blood sugar was also conducted for all the 
cases and controls.

age Year of Diabetes rDW% hemoglobin g/dl bNP pg/ml 

Control Case Control Case Control Case Control Case Control Case 

N 100 100 100 100 100 100 100 100 100 100 

Minimum 24 25 0 0 11.2 12.3 11.3 11.3 16 266 

Maximum 59 60 25 29 15.6 18.2 18 18.2 98 966 

Mean 49.03 47.95 6.56 10.39 12.957 15.452 14.165 13.969 65.88 554.5 

SD 7.083 6.492 5.757 6.388 0.9871 1.3098 1.4471 1.6605 19.78 150.07 

Group n Mean SD Mean 
Difference

95% Confidence Interval of 
the Difference

unpaired t 
-test

P-Value

Lower upper

RDW Control 100 12.957 0.9871 - 2.4950 - 2.8184 -2.1716 -15.212 0.000 ***

Case 100 15.452 1.3098

Hb Control 100 14.165 1.4471 0.1960 - 0.2383 0.6303 0.890 0.375 NS

Case 100 13.969 1.6605

*** - There is a Statistical significance difference between Control and Case for  RDW at 99.9%  (P < 0.001)
NS  - No  Statistical significance difference between Control and Case for  Hb at 95% (P >0.05)

[Table/Fig-1]: Baseline characteristics of controls and cases

[Table/Fig-2]: Unpaired t-test between control and case for the RDW% and Hbg/dl

[Table/Fig-3]: Comparison of values of RDW% between controls and cases [Table/Fig-4a]: Comparison of Mean and SD of RDW% [Table/Fig-4b]: Comparison of Mean of 
SD of BNP values

 [Table/Fig-6]: Statistical correlation between RDW% and BNP in cases

[Table/Fig-5]: Paired sample correlations between RDW%, BNP and Hb values

ParaMeTerS N
COrreLaTION 

(r))
Sig.

CONTROLS RDW & BNP 100 -0.121 0.232

RDW & Hb 100 -0.078 0.438

CASES RDW & BNP 100 +0.866 <0.001***

RDW & Hb 100 +0.162 0.108

*** Statistical significance at P<0.001
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in early identification of cardiac failure among diabetics during their 
routine follow-up.
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DISCUSSION 
The present study examined the relationship between RDW values 
and BNP levels in Diabetic patients with cardiac failure. Studies have 
shown that an increase in RDW could reflect underlying chronic 
inflammatory pathology [4,5,11] Diabetes is a pro inflammatory 
state [12-14] and so, per se, could have had an impact on the RDW 
values. Hence we designed a case control study with diabetics 
without cardiac failure as controls. We found that RDW values 
were within normal limits among diabetics without cardiac failure 
(controls). 

Studies previously conducted in healthy adults in our region have 
clearly indicated that the lower limit of Hemoglobin is found to be 
low in our population when compared to western standards [8-10] 
and hence a hemoglobin level of <11g/dl for males and <12 g/dl 
for females was set as the exclusion criteria in our study. Moreover, 
based on the above studies [8], we set an RDW of more than 15% 
to be abnormal. 

Our study noted an increase in mean values of RDW% in cases 
from 12.95% in controls as compared to 15.45% in cases which 
is shown in [Table/Fig-1-3]. The mean Hemoglobin levels of both 
the cases as well as controls were comparable [Table/Fig-1,2]. 
Moreover, statistically significant difference was noted between 
controls and cases for RDW% with unpaired t-test while Hemoglobin 
did not show similar difference as shown in [Table/Fig-2]. The mean 
duration of Diabetes was more with cases than controls which could 
be due to the fact that there is a direct relationship between the risk 
of complications of diabetes and glycaemia over time [15].

Paired sample correlations showed a strong positive correlation 
of RDW % with BNP levels among cases (r=+0.866) which was 
statistically significant [Table/Fig-5]. Moreover, it did not show a 
significant correlation with BNP values among controls. This proves 
that RDW can be used an additional screening parameter for 
identification of cardiac failure among diabetics.

The scatter gram [Table/Fig-6] highlights positive correlation of RDW 
with serum BNP levels in cases. 

CONClUSION
Our study confirmed that there is a statistically significant correlation 
between RDW % and Serum BNP levels in Diabetics with heart 
failure. RDW is a parameter that is reported as a part of Complete 
blood counts. So, understanding its significance would be useful 
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