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INTRODUCTION

Diabetes mellitus is one of the most common metabolic 
disorders whose incidence is on the rise globally due to an 
increase in sedentary lifestyle, obesity, and the elderly popu-
lation. The associated macro-vascular and microvascular 
complications are majorly responsible for the morbidity and 
mortality associated with the disease.1 The degree and dura-
tion of hyperglycemia are related to the risk of these com-
plications. HbA1c (glycosylated haemoglobin) is measured 
as an index of glycemic control over the past 2-3 months.2 
Hyperglycemia has several effects on RBCs like reduced de-
formability, increased adhesion and increased osmotic fra-

gility leading to changes in erythrocyte structure apart from 
glycosylation of haemoglobin.3 Red cell distribution width 
(RDW) is a component of routine complete blood counts 
(CBC) and is a measure of variability in size and heterogene-
ity of erythrocytes. Mean corpuscular volume (MCV) is also 
a component of routine CBC. Increased HbA1c levels may 
cause structural and functional changes in the haemoglobin 
molecule and the red blood cell because of which RDW and 
MCV may be altered. 4,5 

This study aims to assess the association of HbA1c levels 
with RDW and MCV in patients with type 2 diabetes mel-
litus.
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ABSTRACT
Introduction: Diabetes mellitus is one of the most common metabolic disorders and the degree and duration of hyperglycemia 
are related to the risk of macro-vascular and micro-vascular complications which are responsible for the morbidity and mortal-
ity associated with the disease. HbA1c (glycosylated haemoglobin) is measured as an index of glycemic control over the past 
2-3 months. Red cell distribution width (RDW) and mean corpuscular volume (MCV) are components of routine complete blood 
counts (CBC). Increased HbA1c levels may cause structural and functional changes in the haemoglobin molecule and the red 
blood cell because of which RDW and MCV may be altered. This study aims to assess the association of HbA1c levels with RDW 
and MCV in patients with type 2 diabetes mellitus.
Methods: A prospective, hospital-based, observational study of 6 months from March 2020 to August 2020 including 104 pa-
tients with type 2 diabetes mellitus (both new and previously diagnosed patients undergoing treatment) was done. Diabetes 
mellitus was diagnosed according to ADA (American Diabetic Association) guidelines- HbA1c≥6.5% (48 mmol/mol) or FBS≥126 
mg/dl (7.0 mmol/L) or 2 hour postprandial glucose≥ 200 mg/dl (11.1 mmol/L) on oral glucose tolerance test or RBS≥ 200 mg/dl 
(11.1 mmol/L) with symptoms.
Results: Out of the 104 patients, 63 were males (60.6%) and 41 were females (39.4%). Most of the patients (30.8%) were in 
the age group of 41-50 years followed by 51-60 years(29.7) by There was a significant positive correlation between RDW and 
HbA1c values (p=0.003) while the other parameters did not show any significant correlation. 
Interpretation & Conclusion: In the present study we found that as the HbA1c values increased there was a concordant in-
crease in RDW values (p=0.003). More studies, with a larger sample size, will further help to explain the correlation between 
RDW and HbA1c.
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METHODS

A prospective, observational, hospital-based study was un-
dertaken in the Pathology Laboratory of SGT Hospital for 
a period of 6 months from March 2020 to August 2020.104 
patients with type 2 diabetes mellitus attending the medi-
cine OPD of SGT Hospital were selected for the study. Both 
new and previously diagnosed patients undergoing treatment 
were included in the study. Diabetes mellitus was diagnosed 
according to ADA (American Diabetic Association) guide-
lines- HbA1c≥6.5% (48 mmol/mol) or FBS≥126 mg/dl (7.0 
mmol/L) or 2 hour postprandial glucose≥ 200 mg/dl (11.1 
mmol/L) on oral glucose tolerance test or RBS≥ 200 mg/dl 
(11.1 mmol/L) with symptoms. 6

The vitals of the patients was documented, and the venous 
sample was withdrawn and sent for HbA1c and CBC inves-
tigations. RDW and MCV were noted from the CBC done 
using Automated 6-part Hematology Analyzer by flow cy-
tometry method and HbA1c was measured using Automated 
Hemoglobin Analyzer using cation-exchange HPLC meth-
od. The data was tabulated with details of age, gender, RDW, 
MCV and HbA1c of each case. 

The cases were classified into 3 categories based on HbA1c 
as good glycemic control (HbA1c ≤7%), poor control 
(HbA1c between 7.1-9%) and uncontrolled (HbA1c ≥9.1%); 
2 categories for RDW (≤14.0 and >14.0) and 3 categories 
for MCV (<80fl, 80-100fl and >100fl) as per the laboratory 
reference range.

Approval for waiver of patients consent and patient infor-
mation sheet was obtained from Institutional Ethical Com-
mittee [National Ethical Guidelines by ICMR on biomedi-
cal research 2017, chapter 5, Informed consent process Box 
5.2 (Conditions for granting waiver of consent)] since the 
study involved the data available in the record that were an-
onymized and coded to delink with any identity of the pa-
tient.7

Inclusion criteria
1.	 Previously diagnosed cases of type 2 diabetes mellitus
2.	 Newly diagnosed cases of type 2 diabetes mellitus

Exclusion criteria
1.	 Patients with any history of anaemia of any cause
2.	 Patients with any haemoglobinopathy
3.	  Patients with chronic liver disease
4.	 Patients with type 1 diabetes mellitus
5.	 Patients with any acute or chronic infections like ma-

laria, tuberculosis or malignancy
Data were analyzed and statistically described in terms of 
mean and standard deviation. The correlation was done using 
the Chi-square test where a p-value ≤ of 0.05 was considered 
statistically significant.

RESULTS

Out of the 104 patients, 63 were males (60.6%) and 41 were 
females (39.4%). The mean age was 47.24±11.0, the young-
est patient being 32 years and the oldest being 78 years. Most 
of the patients (30.8%) were in the age group of 41-50 years 
(Table 1). 

The mean duration of diabetes mellitus was 4.73±3.75 
(range 0-20) years. The HbA1c of the study population was 
found moderately uncontrolled and the mean HbA1c was 
9.11±2.24, the lowest being 6.5 and the highest being 14.8. 
The mean RDW was 16.28±4.35, the lowest being 11.3 and 
the highest being 24.5. The mean MCV was 82.45±9.12, the 
lowest being 73.4 and the highest being 93.7 (Table 2). 

Amongst the study population, 46% of patients had HbA1c 
values between 7.1-9.0, followed by 34% and 20% of pa-
tients with HbA1c values ≤7.0 and ≥9.1, respectively. RDW 
was ≤14.0 for 73% patients while >14.0 for 27% patients. 
The majority of the patients (58%) had an MCV value be-
tween 80-100 fl (Table 3). 

There was a significant positive correlation between RDW 
and HbA1c values (p=0.003); as the HbA1c values increased 
there was a rise in RDW values of the patients. The correla-
tion of HbA1c with age (p=0.78) and MCV (p=0.51) did not 
show any significant correlation (Table4). 

DISCUSSION

Diabetes mellitus has become a major contributor to global 
morbidity as persistent hyperglycemia leads to various life-
threatening complications.8 HbA1c measurement is a rou-
tine part of standard diabetes diagnosis and management 
regimes.9 RDW and MCV are reported routinely with CBC.

In this study, we found a significant correlation of RDW with 
HbA1c (p=0.003). In a study done by Suryavanshi C et al., 
2015 similar observations were documented with a mild in-
verse correlation (r=-0.235, p=0.001)10 and in a study done 
by Sherifet al., 2013 positive correlation between HbA1c 
and RDW was noted which was not statistically significant 
(p=0.92) 11. Chowta et al., 2013 found in a study that RDW 
of elderly diabetics (>60 years) was higher than that of the 
younger patients and was statistically significant (p=0.002) 
12 and Yin et al., 2018 also showed in a study the there was 
an association between RDW and poor glycemic control in 
established patients of type 2 diabetes mellitus which is in 
concordance with the results obtained in this study 13. 

There was no significant correlation of HbA1c with MCV 
in this study. Hardikeret al.., 2012 in a study of non-diabetic 
population showed an inverse correlation between HbA1c and 
MCV (r=-0.22, p<0.05) 14 and Koga et al.., 2007 showed an in-
verse association of HbA1c with MCV (r=-0.368, p<0.0001) 
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in non-diabetic premenopausal women but no such association 
in post-menopausal women (r=-0.019, p=0.771) 15. In a study 
done by Glesbyet al.., 2010 on diabetic women with HIV in-
fection, there was an inverse correlation between HbA1c and 
MCV 16.

CONCLUSION

Diabetes mellitus is a life-long disease and a major health 
concern in both developed, as well as developing countries, 
hence early diagnosis and treatment, are essential. Our study 
showed that RDW has a significant correlation with HbA1c 
(p=0.003) and as the HbA1c values increased there was a 
concordant increase in RDW values. Hence, RDW along 
with HbA1c can be used as a cheap, freely available rou-
tine diagnostic tool as a predictive marker of glycemic con-
trol and more studies, with a larger sample size will further 
help to explain its role in glycemic monitoring in diabetic 
patients. RDW with HbA1c values when within normal limit 
may be considered as a marker of glycemic control and when 
abnormal, be a prognostic marker for future complications 
such as cardiovascular disease or diabetic nephropathy in 
diabetic individuals.

Limitation of the study
This study only included the patients who came to the hos-
pital for treatment. There is a need for evaluation of a great-
er population suffering but not yet diagnosed from type 2 
diabetes mellitus in the community as the population is in-
cognizant to their illness and the morbidity associated with 
it. Hence, screening programs for type 2 diabetes mellitus 
needs to be organized at the community level for early diag-
nosis of the disease so that the associated microvascular and 
macrovascular complications can be delayed if not avoided.
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Table 1: Distribution of study subjects according to age and gender
Age Group Male Female Total

31-40 years 6(5.8%) 8(7.7) 14(13.5%)

41-50 years 21(20.2%) 11(10.6) 32(30.8%)

51-60 years 17(16.3%) 12(11.5%) 29(27.9%)

61-70 years 11(10.6%) 6(5.8%) 17(16.3%)

71-80 years 8(7.7%) 4(3.8%) 12(11.5%)

Total 63 (60.6%) 41(39.4%) 104

Table 2: Distribution of study population based on variables.
Variable Minimum value Maximum value Mean ± SD

HbA1c(%) 6.5 14.8 9.11±2.24

RDW-CV (%) 11.3 24.5 16.28±4.35

MCV (fL) 73.4 93.7 82.45±9.12

Table 3: Table showing the frequency of study population distribution.
Variable Frequency(n=104) Percentage%

HbA1c(%)
≤7.0
7.1-9.0
≥9.1

35
48
21

33.6
46.2
20.2

RDW(%)
≤14.0
>14.0

73
31

73.1
26.9

MCV (fl)
<80.0
80-100
>100

23
60
21

22.1
57.7
20.2

Table 4: Table showing Chi-square and p-value.
Variable HbA1c(%) Total Chi-square 

value
p-value

≤7.0 7.1-9.0 ≥9.1

Age(years)
31-40
41-50
51-60
61-70
71-80

07
10
09
05
04

03
17
14
09
05

04
05
06
03
03

14
32
29
17
12

4.77 0.7816

RDW(%)
≤14.0
>14.0

24
11

40
08

09
12

73
31

11.50 0.003

MCV(fl)
<80
80-100
>100

09
10
04

21
29
10

05
09
07

35
48
21

3.24 0.517


