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Background and Aim 

     HbA1c is an irreversible non-enzymatic glycation at one or both NH2- terminal valines of 

the β –chain. Sickle hemoglobin, or HbS, has a valine for glutamic acid substitution at 

position 6 of the  β chain. The prevalence of sickle cell trait reported to be 2.5% in Basrah 

city. The hemoglobin A1C (A1C) test can lead to false outcomes resulting in over- treatment 

or under-treatment of diabetes in people with inherited hemoglobin variants. 

   This study focus on the evaluation of sickle cell trait effect on HbA1c measurement by the 

minicolumn ion exchange resin methods and compare them  with Biorad Variant (HPLC 

method).the one of methods certified by national glycohemoglobin standardization program 

(NGSP)  

Materials and Methods 

    60 diabetic patients identified with sickle cell trait were recruited in this study .Blood 

sample collect in EDTA tubes and were assessed for hemoglobin A1c using 3 methods 

commercially available and most fequently used for routine investigations. Stanbio 

Glycohemoglobin (Pre- Fil), HUMAN Glycohemglobin HbA1-Test ( Fast Ion Exchange 

Resin Separation Method ) ,and the Bio-Rad VARIANT Hemoglobin A1c (HPLC ) method 

Results  

    Mean age group for patient were 39.6 yrs with their mean blood glucose level of about 203 

mg/dl , the average glycohemoglobin was 9.1% measured by Biorad Variant, compare to 

7.57% and 7.99% for both Stanbio method and Human Method respectively, which show 

statistically significant difference (p<0.05). It also had been found that average difference 

between both manual methods (|Stanbio and Human) and Automated method (biorad variant 
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HPLC) about (1.5, 1.15) . These difference show a significant statistical correlation with 

hemoglobin S level with r =0.856; p value<0.001. 

Conclusion  

This study demonstrate the significant difference in Glycated hemoglobin measurements 

between different methods commercially available in local markets which had been shown to 

give false negative results in sickle trait patients when compared to those methods 

standardized by NGSP system. And recommend that such methods to be avoided in patient 

with sickle cell trait. 

 

Introduction  

HbA1c is defined as irreversible non-

enzymatic glycation at one or both NH2- 

terminal valines of the β-chain.
1
 Hb A1c 

is the major fraction, constituting 

approximately 80% of Hb A1
2
. Glycated 

hemoglobin (gHb), measured as HbA1c, 

is used to evaluate long-term control of 

diabetes mellitus and is directly related to 

the risk for complications of diabetes. 

Depending on the method of 

determination used, the concentration of 

HbA1c is approximately 4–6% in healthy 

non diabetic subjects.
3
  

The hemoglobin A1C (A1C) test can lead 

to false outcomes resulting in over- 

treatment or under-treatment of diabetes 

in people with inherited hemoglobin 

variants
4
. Sickle hemoglobin (HbS), a 

hemoglobin variant, has a valine for 

glutamic acid substitution at position 6 of 

the β chain. The prevalence of variant 

HbS has been demonstrated to be as high 

as one-third of all diabetic patients 

undergoing testing.
5
 The prevalence of 

sickle cell trait report to be 6.48 % in 

Basrah city.
6
 

 

 

More than 20 methods for the 

determination of gHb are commercially 

available to clinical laboratories. These 

methods measure gHb based on its 

physical, chemical, or antibody- 

recognized characteristics. Structural 

variants and chemical derivatives of 

hemoglobin (Hb) interfere with many 

methods.
5
 

Common cation-exchange and HPLC 

systems include the Tosoh A1C 2.21 and 

the Bio-Rad Variant. Diamat, and Diastat 

systems.
7
 These method were Certified 

by National Glycohemoglobin 

Standardization Program (NGSP) as 

having documented traceability to the 

Diabetes Control and Complications Trial 

Reference Method and they had less 

interference from hemoglobin variants
8
. 
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Manual HbA1c determination methods 

commercially available based on ion – 

exchange resin (negatively charge) 

packed in minicolumn and had a great 

affinity for positively charged 

hemoglobin. Sample with gHb (less 

positively charge) will elute first and then 

detected by spectrophotometer 

This study focus on the evaluation of 

sickle cell trait effect on gHBs measured 

by the minicolumn ion exchange resin 

and compare it with method certified by  

NGSP use ion exchange HPLC. 

Materials and Methods 

Sample Collection 

 60 diabetic patients identified with sickle 

cell trait were recruited in this study. they 

have been identified to have Sickle cell 

trait using Biorad Variant I. Blood 

Sample collect in EDTA tubes and were 

assessed for hemoglobin A1c using 3 

methods commercially available and 

most frequently used for routine 

investigations. Two manual methods: 

Stanbio Glycohemoglobin (Pre- Fil) 

supplied by Stanbio Laboratories, USA, 

and Glycohemglobin HbA1-Test (Fast 

Ion Exchange Resin Separation Method) 

supplied by HUMAN, Wiesbaden, 

Germany. Both these methods depended 

on the same principle in which whole 

blood is mixed with a lysing reagent 

containing a detergent and borate ions. 

Elimination of the labile Schiff’s base is 

thus achieved during the hemolysis. The 

hemolysate is then mixed for 5 minutes 

with a weekly binding cation exchange 

resin. During this time HbA0 bind to the 

resin. A special resin separator is used to 

remove the resin from the supernatant 

fluid which contains the HbA1. The 

glycohemoglobin percentage of total 

hemoglobin is determined by measuring 

the absorbance of the glycohemoglobin 

and of the total hemoglobin fraction at 

415 nm in comparison with a standard 

glycohemoglobin preparation carried 

through the test procedure. The result 

expressed as HbA1 and then converted to 

HbA1c by using of conversion equation. 

The result from the above two methods 

where compared with third method 

method using Biorad variant I HbA1c 

program based on ion –exchange high 

performance liquid chromatography 

(HPLC). 

Preceding analysis, a simple preparation 

of the patient sample is required to 

hemolyze the blood and remove labile 

A1c. Samples are first diluted with 

hemolysis reagent and then incubated at 

18-28 °C for a minimum of 30 minutes. 

Prepared samples are automatically 

injected into the analytical cartridge, 

where the hemoglobins are separated 

based on their ionic interactions with the 

material. The separated hemoglobin then 

passes through the flow cell of the filter 

photometer, where changes in the 

absorbance (415 nm) are measured; 

background variations are corrected by an 
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additional filter at 690 nm. A built-in 

integrator performs reduction of raw data 

collected from each analysis. A calibrator 

is analyzed with each run for adjustment 

of the calculation parameters for 

determination of HbA1c. A 

chromatogram (graph) of the changes in 

the absorbance is plotted versus the 

retention time. Each chromatogram 

printout is accompanied by a report 

identifying each peak detected, plus the 

relative percent and retention times of 

each peak. 

Statistical Analysis  

Statistical analysis of the data  was 

performed using the Statistical Package 

for Social Sciences (SPSS) for Windows 

15.0 (SPSS Inc., Chicago, IL) (t-test, 

Pearson correlation, and ANOVA tests). 

Values of p < 0.05 were considered to be 

significant. 

Results 

60 diabetic patients found to have sickle cell trait on the examination for routine checkup for 

glycemic control, their demographic data had been shown in Table1   Mean age group for 

patient were 39.6 yrs. with their mean random blood glucose level of about 203 mg/dl, there 

average glycohemoglobin (Hb A1c) were 9.1 % and average hemoglobin S level for our study 

were 4.9 %. 

Table 1 

 Mean ± SD 

Patient’s No. 60 

Age 39.6  (±14.2) yrs 

Random Blood Glucose 203  (±110) mg/dl 

Hb A1c Biorad Variant 9.1  %  (±2.5) 

Hb A1c Human Method 7.57% (± 1.5) 

Hb A1c Stanbio Method 7.95%  (±1.66) 

Hb S* 4.9  %  (±1.35) 

*Hb S obtained by biorad variant method 

It had been shown that there was significant difference between the mean hemoglobin A1c by 

Biorad Variant I and hemoglobin A1c by human method with p value <0.05. There was also 

significant difference between the mean hemoglobin A1c by Biorad Variant I and hemoglobin 

A1c by Stanbio method with p value <0.05. But there were no significant differences between 

human method and Stanbio method for HbA1c.(table 2,3) 

Table 2 
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Table 3 

 Human 

(Fast Ion Exchange Resin) 

Stanbio 

(Fast Ion Exchange 

Resin) 

P value 

Hb 

A1c  

7.57% (± 1.5) 7.95%  (±1.66) .205 

 

 

Table 4 show the variance Hb A1c between the Biorad Variant I method and the other two 

methods and level of Hb S in patients. It show there the mean differences between Biorad 

Variant I and Human method is around 1.5 % and mean difference between Biorad Variant 

and Stanbio method 1.15 %. 

Table 4 

Differences between Hb A1c determined by Biorad Variant I  and other methods 

group by Hb S levels 

HB S % Biorad Variant I– Human 

method 

Biorad Variant I – Stanbio method 

5.2 

(±1.16)* 

1.5 (±1.9) 1.15 (±1.8) 

 

When correlate this level of difference with Hb S level, a Significant statistical correlation 

found with hemoglobin S level with r =0.856 ; p value<0.001 , r=0.826,p value <0.001 for 

Human method and Stanbio method respectively. (Fig 1,2) 

 Biorad 

Variant II 

(HPLC) 

Human 

(Fast Ion 

Exchange Resin) 

Stanbio 

(Fast Ion Exchange 

Resin) 

P value 

Hb 

A1c 

9.1 (±2.55) 7.57% (± 1.5) 7.95%  (±1.66) .001 
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Discussion  

 The prevalence of variant HbS has been 

demonstrated to be as high as one-third of 

all diabetic patients undergoing testing.
9
 

The prevalence of Hb S ranges from 

2.5% in the City Centre up to 16% in 

Abu al-Khasib district
10,11. 

It had been 

found that there is increase in frequency 

of Hb S to  in city centre due to  

 

immigration.
6
 According to American 

Diabetes Association (ADA) officially 

recommends HbA1c testing for the 

diagnosis and monitoring of diabetes for 

that reason accurate measurement of Hb 
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A1c in this population is recommended.
12

 

Many ion – exchange chromatographic 

methods available for determination of 

Hb A1c, two of them commercially 

available using manual method and a 

third one using HPLC ion exchange 

method (Biorad Variant). It had been 

shown that Biorad Variant ion exchange 

HPLC had no interference from HB AS 

level and other hemoglobinopathies.
13

 

This study compared Biorad variant 

result with those of two manual method 

which also depend on ion exchange 

method but had shown significantly 

lower result compared to that of biorad . 

this significant underestimate of HbA1c 

could be explained by the inability of 

minicolumn to separate  Hb A0 and Hb S0 

from each other.
14

  

The glycation of Hb S and Hb A occur at 

the same rate and since the manual resin 

separator only elute Hb A1 from the all 

other Hb in the sample
15

, this could be 

another attribute to false low result of Hb 

A1c by the manual methods compared 

with automated biorad method.  In 

conclusion, accurate measurement of Hb 

A1c is mandatory, and since high 

prevalence of Hb S present in our city, a 

traceable method by Diabetes Control 

and Complications Trial Reference and 

standardized by NGSP so be adopted to 

avoid any interference from variant 

hemoglobin . 
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ن الطرق الٍذوٌت لقٍاس خضاب الذم السكري فً هرضى ٍتقٍ

 السكري الحاهلٍن لصفه فقر الذم الونجلً

 ا.م.د. نزار سوٍر حذاد 

 جاهعت البصرة  \كلٍت الطة  \استشاري الكٍوٍاء الورضٍت  

 

 الخلاصت

ٟ سٍسخ ث١زب اٌّىٛٔٗ خعبة اٌذَ  اٌسىزٞ ٔبرج عٓ اررجبغ ٔٙبئٟ غ١ز أش٠ّٟ ث١ٓ اٌسىز ٚ احذٜ الأغزاف الا١ٕ١ِخ ف

١ٌٍّٙٛوٍٛث١ٓ . ٠ٕزج خعبة اٌذَ إٌّجٍٟ عٓ اسزجذاي اٌحبِط الا١ِٕٟ اٌفب١ٌٓ ثبي وٍٛربِه اسذ فٟ سٍسٍخ ث١زب. ٠ٕزشز صفخ اٌذَ 

٠ّىٓ اْ ٠ؤدٞ إٌٝ ٔزبئج سائفٗ % فٟ ِذ٠ٕٗ اٌجصزح . ٌذا فبْ ل١بص خعبة اٌذَ اٌسىزٞ ٌذٜ ٘ذٖ اٌشز٠حخ  2.2إٌّجٍٟ ثٕسجخ 

 دٞ إٌٝ الإفزاغ فٟ اٌّعبٌجخ أٚ اٌّعبٌجخ إٌبلصخ ٌّزض اٌسىزٞ فٟ إٌبص ِع اٌّزغ١زاد ا١ٌّٙٛغٍٛث١ٓ اٌّٛرٚثخ.ِّب ا

ٌذا روشد ٘ذٖ اٌذراسٗ عٍٝ رم١ُ اٌطزائك اٌّعزذح فٟ اٌعذد ا١ٌذ٠ٚخ ٌم١بص خعبة اٌذَ اٌسىزٞ ٚ ِمبرٔزٙب ِع اٌطزق اٌّّىٕٗ ٚ 

 اٌّعزذح عب١ٌّب 

 الوواد والأسالٍة 

سزْٛ ِز٠عب  اٌسىزٞ اٌذ٠ٓ رُ اٌزعزف ع١ٍُٙ ثسّبد اٌخ١ٍخ إٌّج١ٍخ فٟ ٘ذٖ اٌذراسخ. جّع ع١ٕٗ ِٓ اٌذَ فٟ أٔبث١ت     

EDTA  ٚرُ رم١١ّٙبA1c  َغزق ِزبحٗ رجبر٠ب ٚ اٌّسزخذِخ فٟ اٌعًّ ا١ٌِٟٛ . سزبٔج١ٛ غ١ٍى١ّ٘ٛٛغٍٛث١ٓ )لجً  3ثبسزخذا

بر )سز٠عخ الا١ٔٛ٠ٗ رجبدي اٌزارٕج غز٠مٗ اٌفصً( ، ٚ ِمبرٔزٙب ِع اٌطز٠مخ اخزج--AbA1( ، ا١ٌِٙٛٓ ج١ٍى١ٍ٘ٛٛث١ٓ اٌفٟ

  Biorad variantالا١ٌٍخ ثبسزخذاَ جٙبس 

 النتائج 
، ٚوبْ ِعذي  ddٍِغ/ 203سٕٗ ِع ِسزٛٞ اٌجٍٛوٛس فٟ اٌذَ ِٓ حٛاٌٟ  39.3ِزٛسػ اٌعّز ٌٍّز٠ط وبٔذ اٌفئخ     

: ٌىً ِٓ غز٠مٗ سزبٔج١ٛ ٚغز٠مٗ ١ِ٘ٛٓ  7.99: ٚ  ١7.27ز اٌح١ٛٞ ، ِمبرٔٗ إٌٝ : ل١بسٙب اٌّزغ 9.1ا١ٌّٙٛغٍٛث١ٓ اٌٛسطٟ 

(. وّب رُ اٌعثٛر عٍٟ اْ ِزٛسػ اٌفزق ث١ٓ وً ِٓ 0.02    عٍٟ اٌزٛاٌٟ ، ٚاٌزٟ رظٙز فزق وج١ز ِٓ إٌبح١خ الاحصبئ١ٗ )

(. ٘ذٖ اٌفزق رظٙز اررجبغب 1.12،  1.2) ( حٛيBiorad Variantالأسب١ٌت ا١ٌذ٠ٚخ )| سزبٔج١ٛ ١ِ٘ٚٛٓ( ٚاٌطز٠مخ الا١ٌخ  )

 .0.001    ؛ ل١ّٗ  0.823    إحصبئ١ب وج١زا ِع ِسزٛٞ ا١ٌّٙٛغٍٛث١ٓ ثّمذار

 

 الختام 

ٚرج١ٓ ٘ذٖ اٌذراسخ اٌفزق اٌىج١ز فٟ ل١بسبد ا١ٌّٙٛغٍٛث١ٓ ثبٌسىز ث١ٓ اٌطزق اٌّخزٍفخ اٌّزبحخ رجبر٠ب فٟ الأسٛاق اٌّح١ٍخ ٚاٌزٟ 

ج سٍج١ٗ سائفٗ فٟ اٌّزظٟ اٌذ٠ٓ ٠عبْٔٛ ِٓ سّبد إٌّجً عٕذ ِمبرٔزٙب ثزٍه الأسب١ٌت ِٛحذٖ ثٛاسطخ ٔظبَ رج١ٓ أٙب رعطٟ ٔزبئ

 اٌزخط١ػ الاسززار١جٟ اٌّشززن. ٚٔٛصٟ ثزجٕت ٘ذٖ الأسب١ٌت فٟ اٌّز٠ط ِع سّٗ اٌخ١ٍخ إٌّج١ٍخ.

 


