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ABSTRACT 

Introduction: India has an overwhelming diabetic population and the importance of HbA1c testing is 

felt. However the need of an additional EDTA sample and due to lack of standardised laboratories in 

most part of India, samples are stored and transported for testing. The study aims to check the variation 

in HbA1c measurement in K3EDTA, Na-citrate, lithium-heparin and Na-fluoride/Na2 EDTA 

anticoagulant vials and check for its stability when sample are stored at 2 – 8°C for 7 days. 

Methods and materials: HbA1c was measured by cation exchange HPLC based BioRad D - 10 

analyser after collection of sample in K3EDTA, Na-citrate, lithium-heparin and Na-fluoride/Na2 EDTA 

from 25 diabetic and 25 non - diabetic subjects on day 1 and on day 3, day 5 and day 7 of sample 

collection, after storage at 2 – 8°C. 

 Result: There were no variation in the measured value of HbA1c in these anticoagulant vials (CV = 

0.0 – 0.8%). There were no significant differences in the mean values of the HbA1c measured on day 1 

and day 7 (8.2 ± 1.16 vs. 8.2 ± 1.18, P = 0.962 in diabetic and 5.3 ± 0.25 vs. 5.3 ± 0.24, P = 0.955 in 

non - diabetic). There were significant correlations between the HbA1c values measured on day 1 and 

after 7 days storage (r = 0.991 in diabetic and r = 0.957 in non –diabetic). 

Conclusion: HbA1c values in fresh and stored whole blood sample does not change when analysed in 

K3EDTA, Na-citrate, lithium-heparin and Na-fluoride/Na2 EDTA anticoagulant vials. 

Keywords: HbA1c, K3EDTA, Na-citrate, lithium-heparin and Na-fluoride/Na2 EDTA, prolonged 

storage. 

 

INTRODUCTION 

Worldwide the prevalence of type-2 diabetes 

mellitus (T2DM) has been rising, and about 90 % 

of the diabetic populations are of T2DM. Of 371 

million diabetic people worldwide, 63 millions 

are Indian, i.e. every sixth diabetic is an Indian, 

as reported by the International Diabetic 

Federation (IDF) 2012 report (1). The dramatic 

economic changes have had a great impact on 

urbanization and lifestyle of the Indians, which 

together with genetic predisposition contributed 

to the rise in diabetes in India (2). Also the 

presentation of T2DM occurs a decade earlier in 

Indians when compared to European population 

(3). Traditionally, for diagnosis of diabetes 

physicians rely on fasting plasma glucose (FPG) 

and oral glucose tolerance test (OGTT). Glycated 

haemoglobin (HbA1c) was done only in a few 

numbers of cases and it was used only for 

monitoring the effect of treatment. HbA1c is 

always considered as a stable indicator of 

glycaemia for the preceding three months (4). Its 

potential utility in diabetic care was first reported 

in 1985 World Health Organisation report (5), 

and by 2010 all the major expert committee and 

association across the globe including the 

American Diabetes Association (ADA) has 

recommended HbA1c for the diagnosis of Type 2 
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DM, besides its role in prognosis (6). So, the 

importance of HbA1c estimation in diabetes has 

increased manifold in recent years. 

Most of the commercial kits for HbA1c 

estimation requires sample to be collected in 

EDTA anticoagulant. This requires additional 

sample collection for the patient. So, we 

estimated HbA1c in blood sample collected in 

K3EDTA, Na-citrate, lithium-heparin and Na-

fluoride/Na2 EDTA vials separately and then we 

checked for any variation in HbA1c values.  Also 

most laboratory uses fresh sample for estimation 

of HbA1c. As standardized methods for HbA1c 

estimation like high performance/pressure liquid 

chromatography (HPLC) etc. are not available in 

all the laboratories in India, so samples are to be 

stored and transported to a standardised 

laboratory for estimation. Thus, the sample 

requires storage until it is being analysed. It is 

said that HbA1c has high pre-analytical stability 

and is stable for 1 week when stored at 4°C and 

for 1 year when stored at -70°C (7, 8). So, to 

verify the stability of HbA1c in the above vials 

when stored at 2 - 4°C, HbA1c was estimated for 

7 days in all the different anticoagulant vials, in 

context to Indian settings.  

 

MATERIAL AND METHODS 

The study was conducted from June 2012 to 

October 2012 in the Central Clinical Laboratory 

of the R D Gardi Medical College in Ujjain, 

India. A total of 25 adult Type 2 diabetic cases 

(diagnosed by ADA criteria or known cases) of 

either sex in the age group of 25 to 65 years, and 

25 adult healthy non - diabetic patients in the 

same age group of either sex were considered for 

the present study. Only those subject who were 

not having any disease other than diabetes that 

may affect the HbA1c values were selected for 

the study. They were excluded based on 

necessary patient history and investigations. 

Clearance from the ethical committee and 

consent from the study subjects were obtained. 

K3EDTA, Na-citrate, lithium-heparin and Na-

fluoride/Na2 EDTA vacutainer vials 

manufactured by Becton, Dickinson (BD) India, 

were used. The creation of the two groups is 

simply to ascertain the purpose of the study in 

samples with a normal and a higher HbA1c 

values separately. 2ml of venous sample were 

drawn in all the four different vacutainers from 

each of the diabetic patients and healthy 

individuals, using standard venipuncture 

techniques. HbA1c was estimated after 2 hours of 

blood collection by cation exchange HPLC based 

BioRad D - 10 dual programme analyzer, 

manufactured by BioRad, USA. Just after 

estimation, vials were stored at 2 - 8
o
C and then 

HbA1c measured every alternate day till 7
th
 day 

in all the vials i.e. on 1
st
(day of sample 

collection), 3
rd

, 5
th
 and 7

th
 day. 

The results were expressed as mean ± SD. The 

difference between the initial HbA1c values and 

the values after storage were determined using 

paired student’s t-tests while the correlation 

between the initial HbA1c values in the different 

anticoagulant vial and the values after storage 

were determined by Pearson correlation 

technique. A P-value < 0.05 was considered 

statistically significant on two-tailed testing for 

all analysis. 

 

RESULTS 

The present study shows no significant change in 

the measured value of HbA1c when it was 

measured using vacutainers containing different 

anticoagulant mentioned above in both the 

groups, i.e., the group with a normal HbA1c 

(non-diabetic) and the group with a higher 

HbA1c values(diabetic). 

The measured range of HbA1c value in diabetic 

group was from 7.1% to 11.3%. The mean 

HbA1c being 8.2% in this group. The range of 

HbA1c value in non-diabetic group was from 

4.5% to 5.6%. The mean HbA1c being 5.3% in 

this group. 

The first day (day 1) estimated HbA1c value in 

the four different anticoagulant vials for the 25 
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diabetic samples were expressed as mean ± SD. 

The mean ranges from 7.1 – 11.3% and the SD 

ranges from ± (0.00 – 0.06), hence the variation 

was insignificant. The coefficient of variation for 

the 25 diabetic samples measured on day 1 

among four different anticoagulant vials ranges 

from 0.0 to 0.8%. In the non-diabetic group the 

measured HbA1c value for day 1 when expressed 

as mean ± SD, the mean ranges from 4.5 – 5.6% 

and SD ranges from ± (0.00 – 0.06). Also the 

coefficient of variation for the 25 non - diabetic 

samples measured on day 1 among four different 

anticoagulant vials ranges from 0.0 to 0.8%. 

Similar results were found for the HbA1c values 

measured in the four different anticoagulant vials 

among both the diabetic and non - diabetic group 

on day 3, day 5 and day 7. The study therefore 

proves that there was no variation in 

measurement of HbA1c when it was measured in 

K3EDTA, Na-citrate, lithium-heparin and Na-

fluoride/Na2 EDTA vacutainer vials. Figure I and 

II shows the mean HbA1c measured in different 

anticoagulant vials among the 25 diabetic 

samples and non-diabetic samples respectively on 

day 1, day 3, day 5 and day 7 of testing. The 

figures depicts that the mean HbA1c varies from   

8.2 – 8.22% and 5.3 – 5.32% for diabetic and 

non-diabetic samples respectively.  

When the HbA1c was measured in all the four 

anticoagulant vials on day 3, day 5 and day 7, the 

mean HbA1c value did not vary in both the 

diabetic and non - diabetic group. There was no 

significant differences in the mean values of the 

HbA1c measurement on day 1 and the values 

obtained after storage for 7 days (8.2 ± 1.16 vs. 

8.2 ± 1.18 in diabetic and 5.3 ± 0.25 vs. 5.3 ± 

0.24 in non - diabetic), and the P value being 

0.962 and 0.955 for the diabetic group and non - 

diabetic group, respectively. Figure III and IV 

shows the correlation between the HbA1c 

measurement on day 1 and day 7 in the diabetic 

and non - diabetic group, respectively. There 

were significant correlations between the HbA1c 

values measured on day 1 and day 7 after storage 

in both the diabetic group (r=0.991) and the non - 

diabetic group (r=0.957). Also the inter assay 

coefficient of variation for the day 1 and day 7 

sample in the diabetic and the   non - diabetic 

group was 14.0 % and 4.6 %, respectively. The 

study therefore proves that there was no variation 

in measured values of HbA1c after storage at 2 – 

8
o
C for 7 days irrespective of the collection of 

sample in K3EDTA, Na-citrate, lithium-heparin 

or Na-fluoride/Na2 EDTA vacutainer vials. 

 

DISCUSSION 

The study was conducted to determine the 

variation of HbA1c value when measured in 

different anticoagulant vials as against only 

EDTA advocated by most manufacturers. The 

study also determines the stability of HbA1c in 

the different vials when sample were stored at 2 - 

8
o
C for 7 days. This study infers that there was no 

significant variation in the HbA1c values when it 

was measured in K3EDTA, Na-citrate, lithium-

heparin and Na-fluoride/Na2 EDTA vacutainer 

vials. The study also confirms the stability of 

HbA1c measurement in the above vials when the 

samples were stored at 2 - 8
o
C for 7 days. 

According to 2012 IDF report there are about 

54% undiagnosed diabetic in India (1). When it 

comes to awareness in India only 1/3
rd

 of 

diabetics under Improve
TM

 study were aware of 

HbA1c (9). Even today HbA1c is a very rare test 

in India, which is because of the cost and lack of 

standardised laboratory in most part of the 

country (10). Very recently there is an increase in 

the numbers of HbA1c test request by the treating 

physicians.  

India is a developing economy where almost 70% 

of the population resides in the rural India. There 

are seldom any standardised and well-equipped 

laboratories in rural areas, and sample for testing 

are often transferred to a nearby town or city for 

testing after being collected in the rural areas. 

Sometime even a well-equipped laboratory in 

remote town has to wait for reagent supply. In 

these cases the sample for testing has to be stored 
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until it could be analysed. It is realised that 

HbA1c testing is costly and the use of a separate 

EDTA vacutainer for testing increases the cost 

further. Often fasting sugar and HbA1c testing 

are done on the same day, but sample are 

collected in a Na-fluoride/Na2 EDTA vial for 

fasting sugar and an EDTA vial for HbA1c 

resulting in requirement of more sample volume 

and extra cost. So, considering these facts our 

present study seems to very promising when it 

comes to HbA1c testing. Our study clearly 

discourages the need for an extra EDTA vial for 

HbA1c testing, which can be tested in the same 

Na-fluoride/Na2 EDTA vial used for fasting / post 

prandial sugar, or in the same K2 EDTA vial used 

for complete blood counts (CBC), or in the same 

heparin vial in ICU patient used for blood gas 

analysis. The cost incurred in HbA1c testing will 

be reduced, the compliance will increase and this 

in turn will contribute to a better management of 

diabetes. Our study also reduces the apprehension 

of the treating physicians regarding the stability 

of HbA1c test, which are transported to 

standardised laboratory quite far from the place 

of sample collection. Physicians can now rely on 

the reports of HbA1c received and this in turn 

will generate faith on HbA1c testing in India, 

resulting in increase request for HbA1c testing. 

This is very important for a country like India 

where more people suffer from diabetic 

complications due to lack of proper monitoring, 

especially when diabetic complications are found 

to occur early in India (10, 11, 12). India is a 

country where proper diabetic screening and 

adequate manpower like dieticians and field 

workers for diabetic awareness is lacking, and so 

the importance of HbA1c testing is even more in 

India. We also think that HbA1c should also be 

used for diagnosis of diabetes in India because 

this could diagnose many cases which go 

undetected by routine fasting sugar analysis. But 

before this a pan India HbA1c study should be 

conducted to establish a base line HbA1c level 

for Indians, based on which diagnosis and 

screening could be practiced (13). Until then 

HbA1c should be done in almost all cases for 

monitoring of diabetes and in selected cases for 

diagnosing diabetes in India. Lack of 

standardised laboratories is a matter of concern 

and transportation of sample is widely practiced 

and we see that our study will help gain 

confidence of patient and treating physician in 

HbA1c testing in India. HbA1c is very important 

in diagnosing and monitoring diabetic in a 

country like India which is considered the 

diabetic capital of the world. 

 

CONCLUSION 

Our study shows that HbA1c can be measured 

any of the K3EDTA, Na-citrate, lithium-heparin 

and Na-fluoride/Na2 EDTA vials without any 

change in the measured value. So no extra vial is 

required and which saves lot of money. It also 

shows that when appropriate cold storage is 

maintained the sample remains stable for seven 

days, which is especially important when samples 

are to be transported for estimation in a place far 

from the place of collections. 
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Figure I: Mean HbA1c% measured for 25 diabetic samples in different anticoagulant vials on day 

1, 3, 5 and 7.  

 

 

 
 

Figure II: Mean HbA1c% measured for 25 non-diabetic samples in different anticoagulant vials on 

day 1, 3, 5 and 7. 
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Figure III: Correlation showing diabetic HbA1c% measured in the different anticoagulant vials on 

day 1 and day 7 of testing in the same vials. The graph shows good correlation (r=0.991). 

 

 

Figure IV 

 
 

Figure IV: Correlation showing non-diabetic HbA1c% measured in the different anticoagulant vial 

on day 1 and day 7 of testing in the same vials. The graph shows good correlation (r=0.957). 

 


