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Abstract                                                                                                                                  

Background:  Diabetes mellitus (DM) causes elevated levels of glucose to circulate in the 

blood and maintaining normal levels of blood glucose is part of the routine clinical management 

of diabetes. Continuous and careful management of blood glucose levels prevents the 

development of serious long-term complications resulting from vascular impairment such as 

retinopathy, nephropathy, and neuropathy. Although a fasting blood glucose measurement gives 

the clinician information about the patient’s status over the last twelve hours, stable HbA1c 

offers an accurate indication of the patient’s long-term diabetic control over the last 2-3 months.                                                                                                                                           

Objective: To assess the analytical performances of four HbA1c measurement techniques 

among diabetes mellitus patients attending Fedhail Hospital (Khartoum).                                                                                                                                              

Materials and methods: A total of 100 specimens were included in this study. The 

specimens were  collected from diabetic mellitus patients and normal, healthy participants. 

Measurement of HbA1c was performed using immunoturbidimetric and enzymatic colorimetric 

techniques. The four analytical techniques used were: BioSystem colorimetry , Tinaquant 

immunoassay, Nycocard immunoassay and Ichroma fluorescence immunoassay.                                                                                                                                                                                     

Results: There was an insignificant association between the HbA1c values among healthy 

participants when investigated by the four analytical methods (p = 0.946). There was an 

insignificant association between the HbA1c values among diabetes mellitus patients when 

investigated by the four analytical methods (p = 0.979).                                                                                                                                                                                                                  

Conclusion: There was an insignificant association between the HbA1c values among healthy 

participants and diabetic mellitus patients when investigated by the four analytical methods. 

There was a significant association of HbA1c values among the healthy participants and diabetic 

mellitus patients when investigated by the gold-standard method.                                                      
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Introduction 
 

Glycohemoglobin is a general term for hemoglobin-glucose complexes in which glucose is 

bound to the alpha and beta chains of hemoglobin and the most quantitatively prevalent complex 

is called HbA1c, in which glucose binds to the N-terminus of the beta chain of HbA. 

Hemoglobin is the oxygen-carrying pigment that gives blood its red color and is also the 

predominant protein in red blood cells. About 90% of hemoglobin is hemoglobin A (the “A” 

stands for adult type). Although one chemical component accounts for 92% of hemoglobin A, 

approximately 8% of hemoglobin A is made up of minor components that are chemically slightly 

different. These minor components include hemoglobin A1c, A1b, A1a1, and A1a2. Hemoglobin 

A1c (HbA1c) is a minor component of hemoglobin to which glucose also is bound. HbA1c also 

is sometimes referred to as glycated, glycosylated hemoglobin, or glycohemoglobin1.                                 

HbA1c is non-enzymatically synthesized in two steps:                                                                                              

1. The glucose aldehyde group and the free amino group on the valine in the N-terminus of the 

hemoglobin beta chain react to form the Schiff base, aldimine (also known as labile HbA1c or 

LA1c).                                                                                                                                                                        

2. A stable ketoamine form of the hemoglobin complex (SA1c) is then produced by a reaction 

known as Amadori rearrangement2.                                                                                                            

HbA1c is measured by a chemical (electrical) charge present on the molecule of HbA1c, and the 

amount of the charge differs from the charges on the other components of hemoglobin. The 

molecule of HbA1c also differs in size from the other components. HbA1c may be separated by 

change and size from other hemoglobin components in blood by a product called high pressure 

(or performance) liquid chromatography (HPLC). HPLC separates mixtures (for example, blood) 

into its various components by adding the mixtures to special liquids and passing them under 

pressure through columns filled with a material that separates the mixture into different 

component molecules3.                                                                                                                                     

HbA1c testing is done on a blood sample, because HbA1c is not affected short-term fluctuations 

in blood glucose concentrations, for example, due to meals, blood can be drawn from HbA1c 

testing without regard to when food was eaten. Fasting for the blood test is not necessary. In 

healthy people, the HbA1c level is less than 6% of total hemoglobin. A level of 6.5% signals that 

diabetes is present. Studies have demonstrated that the complications of diabetes can be delayed 

or prevented if the HbA1c level can be kept below 7%. It is recommended that treatment of 

diabetes be directed at keeping an individual's HbA1c level as close to normal as possible (<6%) 

without episodes of hypoglycemia (low blood glucose level). Measurement of over 6% is 

considered high, for many people with type 1 and 2 diabetes; the goal is to keep the HbA1c 

levels under 7%4.                                                                                                                               

Measurement of HbA1c concentration can be considered as a useful indicator of glycemic 

control in diabetic patients. Moreover, it is documented that high HbA1c levels are correlated 

with the development of different diabetes complications. Measurement of HbA1c has more 

advantages over both assessments of the fasting plasma glucose and glucose tolerance test. It is 

more convenient, does not require fasting, has increased pre-analytical stability, and is less likely  
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to differ in different days due to stress or illness HbA1c testing is also useful in diseases other 

than diabetes. Can't Riet1 in a 10-year follow-up study (Hoorn Study) found that, in non-diabetic 

persons between 50  and 75 years of age, HbA1c measurement was a superior predictor of 10-

year cardiovascular events (fatal and non-fatal) and all-cause mortality, in comparison with 

fasting and 2 h postprandial glucose. Moreover, the findings of the North American 

Atherosclerosis Risk in Communities (ARIC) study demonstrated that HbA1c was a better 

predictor of diabetes and cardiovascular disease in comparison with fasting glucose in patients 

without diagnosed diabetes5.                                                                                                                               

Reducing HbA1c concentrations to 7 % or below is demonstrated to be correlated with a 

significant decrease in the rate of different microvascular complications of diabetes. Although it 

is recommended that Hb A1c levels in non-pregnant adults should be kept less than 7 %, more 

stringent A1c (6.5 %) and mild A1c goals (8 %) may also be recommended for some patient 

considering their specific situation. Results of one single assessment of HbA1c can provide 

clinicians with the best determinant of glycemic control. A study conducted in 2015 showed that 

a total of 154 samples from patients with diabetes type 2 with HbA1c concentration covering the 

whole clinical range were analyzed by four commercially methods; D-10 Hb A1c (Bio-Rad 

Laboratories), Cobas Integra 400 (Roche Diagnostics), Nycocard Reader II (Axis-Shield). For 

each individual assay, patient’s results were classified into controlled and uncontrolled groups 

(less or more than three decision levels; 6.5 %, 7 %, and 8 %) compared to D10 results as a 

reference method. The frequency of each group and also sensitivity, specificity, negative and 

positive predictive value were estimated. They found a significant correlation between assays (r: 

0.937–0.945). Sensitivity, specificity, and positive and negative predictive values of the 

evaluated method to identify uncontrolled patients were as follows: 49.2–95.7 %, 86.5–100 %, 

89.1–100 %, and 52.9–93.3 %; respectively6.                                                                                     

Another study was conducted in 2010 showed there are different methods used to measure 

glycohaemoglobin such as ion-exchange chromatography, electrophoresis, affinity 

chromatography, and immunoassay. The methods measure slightly different glycated products 

and use at least three different units for reporting the results % HbA1c, %HbA1 and % total 

glycohaemoglobin (GHb). HbA1c levels of 5.1% (representing non diabetes), 6.7% (representing 

excellent glycaemic control), 8.5% (representing moderate glycaemic control) and 11.4% 

(representing poor glycaemic control). Range of values obtained for the non-diabetic (4.1-6.8%), 

good control (5.1-9.3%), moderate control   (6.7-11.9%) and poor control (10.1-17.3%)7. 

Another study conducted in 1996 showed the ability of an assay to reliably detect a change in the 

analytic measured depends on its reproducibility (or the ability of the assay and laboratory to get 

the same answer for the same sample each time). Reproducibility is normally expressed as the 

coefficient of variation (CV) of an assay. The CV is obtained by measuring the same sample at 

least 20 times in different assay runs and calculating the mean and standard deviation (SD) of the 

measurements; the CV is calculated by dividing the SD by the mean and expressing the result as 

a percentage. An assay with a high CV suffers from poor reproducibility and is unable to 

determine if glycohaemoglobin levels have changed in different samples. In respect to these 

results and the high prevalence of diabetes mellitus, the measurement of GHb has become a very 

important and demanding task for clinical laboratory8.                                                                                          
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The main aim of this study was to assess four techniques (affinity chromatography, boronate 

affinity technology, and a latex-enhanced competitive turbidimetric immunoassay commercially 

available point-of-care HbA1c analytical systems in patients with DM. 

Materials and methods  
 

This was a comparative, analytical study conducted at Fedhail Hospital (Khartoum) during the 

period from September to December 2015. The study was ethically approved by the Ethical 

Committee of Al Neelain University. An informed consent was obtained from all study 

participants. Data were analyzed using ANOVA and the Statistical Package for Social Science 

(SPSS) software program version 13. Permission for specimens collection was granted by the 

authorities of Fedhail Hospital (Khartoum) and maternal hospitals in Khartoum.                                       

50 patients with DM with high levels of HbA1c, and 50 gender- and age-matched healthy 

participants with normal levels of HbA1c were enrolled in the study. 2 ml of venous blood were 

collected and transferred carefully to K3 EDTA containers to avoid hemolysis, clots or platelets 

aggregation. The four different HbA1c measurement techniques experimented in this study were: 

BioSystem colorimetry, Tinaquant immunoassay, Nycocard immunoassay and Ichroma 

fluorescence immunoassay.                                                                                                                                                              

1. BioSystem colorimetry : HbA1c was estimated by calorimetry in % using hemoglobin A1c-

Turbi (BioSystems S.A. Costa Brava 30, Barcelona, Spain)). The test was performed following 

exactly the manufacturer's instructions. After preparing the hemolysate, the hemoglobin A1c 

(HbA1C) concentration was quantified by an enzymatic assay. The sample was subjected to 

extensive protease digestion that releases the glycated valines from the hemoglobin beta chains. 

These glycated valines serve as substrate for fructosyl valine oxidase enzyme that cleaves the   

N-terminal valines and produces hydrogen peroxide which was then measured by means of              

a catalytic reaction with horseradish peroxidase and a chromogen9.                                                                

2. Tinaquant immunoassay: The sample used was 20 uL of EDTA whole blood. The test system 

uses a latex-enhanced competitive turbidimetric immunoassay for determining HbA1c in whole 

blood with a colorimetric assessment of total Hb. The test requires manual preparation of sample 

hemolysate before automated analysis on a Roche Cobas Integra clinical chemistry analyzer. The 

automated measurement takes 10 minutes for the first result, with subsequent results at nine-

second intervals. Up to 110 samples can be loaded at one time10.                                                                              

3. Nycocard immunoassay:  The Nycocard reader II used was a small battery powered 

instrument, designed to measure all Nycocard products. It consists of two units: the instrument 

box, which is the operational and calculating unit, and the reader pen, which detects the signal. 

Each Nycocard test comprises a unique test device where the test was performed. The device has 

a central well for sample and reagent application, which is shaped to fit the reader pen. When the 

pen was placed over the sample and the pen sleeve was pushed down, the measurement starts  
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automatically and the test result appears on the display11.                                                                                    

4. Ichroma Fluorescence immunoassay:  This technique is based on the fluorescence 

immunoassay technology, specifically the sandwich immuno-detection method. Whole blood 

was added to a mixture of hemolysis buffer and detection buffer, which results in hemolysis of 

red blood cells. The detector buffer was mixed with the blood specimen in a test tube. The 

fluorescence-labeled detector anti-HbA1c antibody in the buffer binds to HbA1c antigen in blood 

specimen. The sample mixture was loaded and migrates on the matrix of the test cartridge. The  

detector antibody and HbA1c complex was captured to the anti-HbA1c sandwich pair antibody 

that was immobilized on test matrix12. 

Results  
 

50 blood specimens were collected from diabetic patients attending Fedhail Hospital. The 

specimens were investigated by four techniques: BioSystem colorimetry, Tinaquant 

immunoassay, Nycocard immunoassay and Ichroma fluorescence immunoassay. For comparison 

50 specimens were collected from healthy participants and similarly investigated.                                                

HbA1c percentages in healthy participants detected by each method were: BioSystem 

colorimetry (mean 5.49 and standard deviation 0.78), Tinaquant immunoassay (mean 5.55 and 

standard deviation 0.74), Nycocard immunoassay (mean 5.58 and standard deviation 0.75), and 

Ichroma fluorescence immunoassay (mean 5.53 and standard deviation 0.78). From these 

findings there was an insignificant association between the HbA1c values among healthy 

participants when investigated by the four analytical methods (p = 0.946).                                                   

On the other hand, HbA1c percentages in diabetes mellitus patients detected by each method 

were: BioSystem colorimetry (mean 8.58 and standard deviation 2.43), Tinaquant immunoassay 

(mean 8.70 and standard deviation 2.47), Nycocard immunoassay (mean 8.79 and standard 

deviation 2.46), and Ichroma fluorescence immunoassay (mean 8.44 and standard deviation 

2.71). From these findings there was an insignificant association between the HbA1c values 

among diabetes mellitus patients when investigated by the four analytical methods (p = 0.979).         

An error bars: 95% Cl was found on comparing the HbA1c percentages detected among diabetes 

mellitus patients by the four techniques employed in this study with the gold standard values.                                                                                                                                                               

On comparing the HbA1c percentages of the 50 healthy participants investigated by the gold 

standard method with the HbA1c percentages detected by the four analytical techniques adopted 

in this study the findings were as follows:                                                                                                     

* BioSystem colorimetry: from 4.00 % to 8.00 % , showing a strong linear regression analysis 

relationship (correlation coefficient: R2 = 0.954 Y= 0.47+ 0.92* X)                                                                                                                                                                                         

* Nycocard immunoassay: from 4.00 % to 8.00 %, showing a strong linear regression analysis 

relationship (correlation coefficient: R2 = 0.966 Y= 0.13+ 0.97* X)                                                                      

* Ichroma fluorescence immunoassay: from 4.00% to 8.00%, showing a strong linear regression  
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analysis relationship (correlation coefficient: R2 = 0.940 Y= 0.51+ 0.91* X).                                                    

Also, on comparing the HbA1c percentages of the 50 diabetes mellitus patients investigated by 

the gold standard method with the HbA1c percentages detected by the four analytical techniques 

adopted in this study the findings were as follows:                                                                               

* Nycocard immunoassay : from 5.00 % to 15.00 % showing a strong linear regression analysis 

relationship (correlation coefficient: R2 = 0.999 Y= 0.11+ 1* X)                                                              

* Biosystem colorimetry: from 5.00 % to 15.00 %, showing a strong linear regression analysis 

relationship (correlation coefficient: R2 = 0.994 Y= 0.13+ 1.01* X).                                                           

* Ichroma fluorescence immunoassay: from 5.00 % to 15.00 %, showing a strong linear 

regression analysis relationship (correlation coefficient: R2 = 0.994 Y= 0.1+ 1* X).      

Discussion                                                                                                                                            
 

The overall association of the mean HbA1c percentages in healthy participants investigated by 

four different techniques was insignificant (p = > 0.05). This finding was in agreement with 

Breyer and his co-workers (1996)12 who reported an insignificant association of HbA1c 

percentages of the four different methods in DM patients. However, it did not agree with the 

finding of Türk and his co-workers (2010)13 who reported a significant Hb A1c percentages in 

healthy participants and DM patients. The overall association between the mean HbA1c 

percentages of DM patients of the four techniques adopted in this study was insignificant (p = > 

0.05). This finding agrees with recent studies that reported an insignificant association of HbA1c 

percentages of the four techniques in DM patients. However our finding does not agree with the 

finding of Türk (2010)14, who reported  

 

 

Fig. (1):  Association of HbA1c percentages in healthy participants                                                                         

as compared to the gold standard method and Nycocard immunoassay                                                        
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Fig. (2):  Association of HbA1c percentages in DM patients                                                                          

as compared to the gold standard method and Ichroma fluorescence immunoassay  

 

a significant association of HbA1c percentages in healthy participants and DM patients between 

the four methods employed.                                                                                                                        

Also in this study, the correlation of HbA1c percentages among healthy participants investigated 

by the gold-standard method with HbA1c percentages investigated by BioSystem colorimetry, 

Tinaquant immunoassay, Nycocard immunoassay and Ichroma fluorescence immunoassay 

methods showed a strong linear regression analysis correlation coefficient. This result was in line 

with other works16 who reported a strong correlation coefficient between the gold-standard 

method with Nycocard immunoassay method; but it was not agreement with the findings of 

Breyer and his co-workers (1996)12 who reported a strong correlation coefficient in DM patients 

and not in healthy participants.                                                                                                                        

The correlation of HbA1c percentages among DM patients investigated by the gold-standard 

method with HbA1c percentages investigated by Nycocard immunoassay, BioSystem 

colorimetry, and Ichroma fluorescence immunoassay methods showed a strong linear regression 

analysis correlation coefficient. This finding was similar to that reported by Breyer and his co-

workers (1996)12 who reported was a strong correlation coefficient in DM patients.                                

Conclusion: There was an insignificant association between the HbA1c values among healthy 

participants and diabetic mellitus patients when investigated by the four analytical methods. 

There was a significant association of HbA1c values among the healthy participants and diabetic 

mellitus patients when investigated by the gold-standard method. 
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