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Abstract: Glycated Haemoglobin (HbA1c) has become an integral part of glucose management in diabetes mellitus 
patients as it corresponds to their average blood glucose level in past few weeks. The improved glucose management is 
clearly apparent to the healthcare professionals from the reduced and sustained HbA1c level in diabetics. HbA1c has 
also been recently advocated as a diagnostic marker for diabetes mellitus. During the past two decades, tremendous 
improvements have been made in the development of laboratory-based reference methods for HbA1c analysis and the 
development of secondary HbA1c reference material that is being used worldwide for the standardisation of HbA1c 
methods. The current generation of point-of-care (POC) instruments for HbA1c analysis lacks the generally-accepted 
analytical performance criteria, thereby stressing the need for critical improvement in POC devices and HbA1c methods. 
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Diabetes has been declared as the global epidemic 

by World Health Organization (WHO) due to the rapidly 

growing number of diabetics worldwide and 

unsustainable economic burden of around US$ 376 

billion [1]. The numbers of diabetics predicted by WHO 

in 2004 [2] stated the increase from 171 million in 2000 

to 366 million in 2030. However, the current estimates 

by International Diabetes Federation (IDF) [3] states 

371 million diabetics, which has surpassed the 

estimates for 2030.  

There is a rapidly growing importance of Glycated 

haemoglobin (HbA1c) [4, 5] in diabetic management. 

HbA1c has become a gold standard for glucose 

management in diabetes mellitus patients and has 

been recently advocated as a diagnostic marker for 

diabetes mellitus by American Diabetes Association 

(ADA) [6] and WHO [7]. The importance of HbA1c in 

diabetes was realised in 1969, when Samuel Rahbar 

and co-workers discovered higher concentrations of 

fast haemoglobin in diabetics in comparison to non-

diabetics [8, 9].Subsequently, Trivelli established the 

relationship between fast haemoglobin, mean blood 

glucose concentrations and long-term diabetic 

complications [10].  

In an healthy adult, there is 97% adult haemoglobin 

(HbA), 2.5% HbA2 and 0.5% foetal hemoglobin (HbF), 

where 94% of HbA is in non-glycated form and the rest 

6% is in glycated form (Figure 1) [4]. The glycated 

haemoglobin further consists of ~1% minor 
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components i.e. HbA1a and HbA1b, and ~5% major 

component i.e. HbA1c. HbA1c is formed by a two-stage 

non-enzymatic process (Figure 2). The first stage is 

fast, where blood glucose binds to the N-terminal valine 

of the -chains of haemoglobin to form an unstable 

aldimine intermediate (Schiff's base). The second step 

involves the slow Amadori rearrangement of the 

intermediate into a stable ketoamine i.e. HbA1c or its 

conversion back to glucose and haemoglobin. 

 

Figure 1: Haemoglobin types of healthy adults [4] Lenters-
Westra et al. 2012]. Reproduced with permission from 
Elsevier Ireland Ltd.  

It has been demonstrated that 50, 40 and 10 

percent of given HbA1c value are the result of glucose 

exposure during the previous 30, 31-90 and 91-120 

days, respectively. The treatment goal for diabetics 

aims to sustain the HbA1c concentration of less than 
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53 mmol/mol. The ADA recommends HbA1c 

measurement at least twice in patients with stable 

glycaemic control and four times in those having a 

change in therapy or higher HbA1c values. The 

decision pertaining to the change of treatment is 

advised to patients by the diabetic care professionals 

on the basis of their HbA1c level. 

Until 1993, there was no reference material 

available for HbA1c, which resulted in high inter-

laboratory CV and variability in results between 

different HbA1c methods. Therefore, it was difficult for 

physicians to use HbA1c in actual clinical practice. The 

work of National Glycohemoglobin Standardisation 

Program (NGSP)(started in 1996 by American 

Association for Clinical Chemistry (AAAC)) [11] and 

International Federation of Clinical Chemistry (IFCC) 

working group (started in 1994) for the standardisation 

of HbA1c in cooperation with manufacturers resulted in 

tremendous improvements in laboratory-based HbA1c 

methods. It resulted in the development of reference 

methods for HbA1c analysis [12] based on enzymatic 

cleavage of haemoglobin, mass spectroscopy and 

capillary electrophoresis. Additionally, the secondary 

HbA1c reference material, made from patient whole 

blood, was also developed, which is the basis for 

standardisation of HbA1c methods worldwide and is 

being widely used by the manufacturers [13]. Similarly, 

the national HbA1c standardisation programs were also 

carried out by Sweden and Japan. The study of the 

relation between the different standardisation programs 

resulted in the formation of master equations [14], 

which can predict the HbA1c values that will be 

obtained by various programs. The international 

agencies, i.e. ADA, IDF and European Association for 

the study of Diabetes (EASD), decided that HbA1c 

values should be reported worldwide in the same units 

(mmol/mol) similar to the existing glucose monitoring 

[15]. The studies conducted by the A1c-Derived 

Average Glucose (ADAG) study group provided a 

better understanding of the relationship between 

HbA1c and average blood glucose [16]. All these 

developments has resulted in enhanced convenience 

for the patient as the sample for HbA1c analysis can 

now be obtained at any time instead of at least 8 h fast, 

as required previously. Moreover, they have enabled 

the healthcare providers to use HbA1c in diabetes 

care. Sample processing is relatively simple for HbA1c 

while it needs stringent preparation and processing for 

glucose assessment, in addition to the fact that glucose 

measurement has moderate pre-analytic and biological 

variability versus little to no variations with HbA1c [17]. 

HbA1c assessment may be interfered by 

haemoglobinopathies or diseases that may increase 

red blood cells turnover. 

There are numerous commercially-available HbA1c 

assays, which are based on two principles i.e. charge 

differences (employed in ion-exchange 

chromatography (high performance liquid 

chromatography) and electrophoresis-based assays) 

and structural differences (used in immunoassays and 

boronate affinity chromatography-based assays) [4]. 

The electrophoresis-based HbA1c assays are not used 

anymore in clinical settings. However, there is an 

immense need for point-of-care (POC) instruments for 

immediate HbA1c analysis, similar to that of blood 

glucose monitoring [18], as it will significant improve 

 

Figure 2: Formation of HbA1c [5] Higgins 2012]. Reproduced with permission from Elsevier Inc.  
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the diabetic management. The HbA1c instruments are 

classified as CLIA-waived tests, which are not obliged 

to fulfil quality requirements in the same way as 

laboratory-based methods. Therefore, they suffer from 

poor analytical performance [19, 20] and interferences 

with haemoglobin variants. It has been shown that 6 

out of the 8 POC instruments do not meet the 

generally-accepted performance criteria [21] and have 

high analytical coefficient of variance (CV), which could 

lead to tens of millions of people being wrongly 

diagnosed with diabetes and others who would not 

receive diabetes treatment. The current state-of-the-art 

is lacking a perfect method for HbA1c measurement, 

which stresses the need for more close interactions 

between clinical chemists (responsible for taking 

results) and healthcare providers (responsible for 

interpreting results). The clinical chemist should screen 

an appropriate HbA1c method having adequate 

analytical performance for clinical settings and provide 

them the desired information to properly interpret the 

results. This will enable the healthcare professionals to 

take more appropriate clinical decision for diabetic 

management. 

The role of HbA1c in diabetic management has now 

been firmly established, where optimizing glycemic 

control is the key to prevent or delay the occurrence of 

diabetes chronic complications, which can be 

significantly reduced by achieving the ADA 

recommended HbA1c target of <7% [22]. The use of 

HbA1c in the diagnosis of diabetes mellitus has been 

recently advocated. HbA1c monitoring now forms an 

integral part of diabetes management. However, the 

analytical performance of HbA1c methods and POC 

instruments still requires critical improvement to reduce 

their maximum CV and bias to less than 1.9% and 2 

mmol/mol, respectively, which are the widely accepted 

performance standards.  
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