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Abstract 

Hemoglobin A1c (HbA1c) measurement can be affected by hemoglobin variants through altered erythrocyte survival and 

method-specific analytical interference. This study assessed the influence of hemoglobin variants on HbA1c measurement by 

high-performance liquid chromatography (HPLC) in patients with hemoglobinopathy at Treichville University Hospital. This 

cross-sectional analytical study included 150 participants: 50 controls and 100 patients with confirmed hemoglobinopathy. 

Hemoglobin phenotypes were determined by electrophoresis. Blood glucose, complete blood count parameters, and the HPLC 

fractions HbA1c, HbA1a, HbA1b, and LA1C+ were measured. Group comparisons used the Mann-Whitney test, and phenotype 

comparisons used the Kruskal-Wallis test. The hemoglobinopathy group comprised SS (62%), SC (27%), AS (6%), an SFA2 

electrophoretic profile (3%), and CC (2%). Mean blood glucose did not differ significantly between controls and participants 

with hemoglobinopathy (0.87 ± 0.13 g/L vs. 0.85 ± 0.07 g/L; p = 0.321). In contrast, mean HbA1c was markedly lower in the 

hemoglobinopathy group (1.29 ± 0.50% vs. 5.64 ± 0.54%; p < 0.001). Patients also had lower hemoglobin concentrations (8.75 

± 1.88 g/dL vs. 14.53 ± 1.58 g/dL; p < 0.001), indicating substantial anemia. HbA1c differed across electrophoretic categories 

(p = 0.0030), with the lowest values observed in CC and SFA2. LA1C+ also varied significantly by phenotype (p = 0.00011). 

Hemoglobin variants substantially affect HPLC HbA1c measurement and interpretation, producing a marked discordance 

between glycemia and HbA1c. In patients with hemoglobin variants, especially SS, SC, CC, or an SFA2 electrophoretic profile, 

HbA1c should not be interpreted in isolation and should be assessed alongside the chromatogram, blood glucose, hematological 

indices, and hemoglobin phenotype. Alternative glycemic markers may be required when HbA1c is unreliable. 
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1. Introduction 

Hemoglobin A1c (HbA1c) is a central marker of chronic 

glycemia and is widely used for the diagnosis and monitoring 

of diabetes mellitus [1-4]. Its clinical interpretation assumes a 

standardized analytical method and a biological context in 

which erythrocyte survival is sufficiently normal for HbA1c 

to reflect average glucose exposure. 

These assumptions are not always met in patients with he-

moglobinopathies. Hemoglobin S (HbS) and hemoglobin C 

(HbC) are common in sub-Saharan Africa and can modify the 

relationship between blood glucose and HbA1c [5, 6]. Hemo-

globin variants may affect HbA1c through a biological mech-

anism, particularly chronic hemolysis and shortened erythro-

cyte lifespan, and through analytical interference that varies 

according to the assay method [7-9]. 

High-performance liquid chromatography (HPLC) gener-

ates a chromatogram that displays several hemoglobin frac-

tions. Its reliability nevertheless depends on the analytical sys-

tem, chromatographic program, and correct identification and 

integration of peaks [10, 11]. In settings with a high preva-

lence of hemoglobinopathies, HbA1c results should therefore 

be interpreted together with the hemoglobin phenotype, hema-

tological findings, chromatogram, and blood glucose concen-

tration. 

The objective of this study was to evaluate the influence of 

hemoglobin variants on HPLC measurement of HbA1c in pa-

tients with hemoglobinopathy followed at Treichville Univer-

sity Hospital. 

2. Materials and Methods 

2.1. Study Design, Setting, and Participants 

This cross-sectional analytical study was conducted in the 

medical biology laboratory of Treichville University Hospital 

in Abidjan, Côte d’Ivoire. The study population comprised 

150 participants divided into two groups: 50 controls and 100 

patients with a confirmed hemoglobinopathy. The study was 

conducted after favorable review by the Medical Establish-

ment Commission of Treichville University Hospital. The ex-

aminations were performed free of charge after informed con-

sent was obtained from all included participants. 

2.2. Hemoglobin Phenotyping and 

Hematological Measurements 

Hemoglobin electrophoretic phenotypes were identified us-

ing the Hydrasys system (Sebia). The hematological parame-

ters assessed were white blood cell count, red blood cell count, 

hemoglobin concentration, hematocrit, mean corpuscular vol-

ume, mean corpuscular hemoglobin, mean corpuscular hemo-

globin concentration, and platelet count. These parameters 

were measured on a Sysmex XN-40 hematology analyzer. For 

the present analysis, the label SFA2 was retained as a single 

electrophoretic profile characterized by the concomitant de-

tection of HbS, HbF, and HbA2. It was not treated as a com-

bination of three separate phenotypes. 

2.3. Biochemical and HPLC Analyses 

Blood glucose was measured by an enzymatic method on a 

Cobas C111 analyzer (Roche). HbA1c and the chromato-

graphic subfractions HbA1a, HbA1b, and LA1C+ were meas-

ured by HPLC using the HumaNex A1c system (HUMAN), 

according to the analytical procedures in use in the laboratory. 

Chromatograms were reviewed to identify abnormal peaks 

and profiles suggestive of hemoglobin variants. The concep-

tual chromatogram in Figure 1 illustrates the principal frac-

tions and the variant window of the HumaNex A1c Variant 

system; it is not an individual chromatogram from the study 

and does not provide locally validated retention times [12]. 

 
Figure 1. Conceptual HumaNex A1c Variant chromatogram showing HbA1c-related fractions and the variant window. This original schematic 

was prepared for this manuscript on the basis of the manufacturer documentation [12]. It does not represent an individual study participant 

and must not be used as as a retention-time reference without local validation. Definitive variant identification requires a specific confirmatory 

method. 
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2.4. Statistical Analysis 

Quantitative results were expressed as mean ± standard de-

viation and as minimum-maximum values where available. 

The Mann-Whitney test was used to compare controls with 

participants with hemoglobinopathy, and the Kruskal-Wallis 

test was used to compare the different hemoglobin phenotypes. 

A p value < 0.05 was considered statistically significant. Val-

ues initially reported as 0.0000 were presented as p < 0.001. 

3. Results 

3.1. Distribution of Hemoglobin Phenotypes 

The SS and SC phenotypes accounted for 89% of the he-

moglobinopathies observed. The remaining electrophoretic 

categories were AS, CC, and the SFA2 profile (Table 1). 

Table 1. Distribution of electrophoretic phenotypes among participants with hemoglobinopathy (n = 100). 

Phenotype AS SS CC SC SFA2 A1A2 Total 

Number (n) 6 62 2 27 3 0 100 

Percentage (%) 6.0 62.0 2.0 27.0 3.0 0.0 100.0 

AS: sickle cell trait; SS: homozygous sickle cell disease; SC: compound heterozygosity; CC: homozygous hemoglobin C disease; SFA2: 

electrophoretic profile showing HbS, HbF, and HbA2. In this study, SFA2 denotes one laboratory profile and not a combination of three 

independent phenotypes. 

3.2. Hematological Findings 

Participants with hemoglobinopathy had marked anemia, 

with significantly lower hemoglobin concentration, hemato-

crit, and red blood cell count than controls (all p < 0.001). 

Mean corpuscular volume was also lower (p = 0.0073). Dif-

ferences in mean corpuscular hemoglobin, mean corpuscular 

hemoglobin concentration, and platelet count did not reach 

statistical significance (Table 2). 

Table 2. Hematological parameters in controls and participants with hemoglobinopathy. 

Parameter 
Controls (n = 50) 

Mean ± SD 

Controls 

Min-Max 

Hemoglobinopathy (n = 100) 

Mean ± SD 

Hemoglobinopathy 

Min-Max 
p 

WBC 5.56 ± 2.51 0.3-16.8 12.16 ± 8.33 2.94-60.34 < 0.001 

RBC 5.21 ± 0.64 4.00-6.90 3.42 ± 1.05 1.51-8.60 < 0.001 

Hb 14.53 ± 1.58 12.2-19.1 8.75 ± 1.88 5.10-13.00 < 0.001 

Hct 44.05 ± 4.50 36.9-56.7 25.91 ± 5.76 15.4-38.7 < 0.001 

MCV 82.81 ± 7.54 67.4-93.9 77.74 ± 11.27 10.43-98.8 0.0073 

MCH 27.72 ± 2.26 23.1-32.0 26.58 ± 3.70 16.1-36.3 0.0953 

MCHC 33.20 ± 1.34 30.7-36.0 33.58 ± 1.49 27.9-36.4 0.1663 

Platelets 225.18 ± 68.22 61-433 347 ± 148 18-650 0.0578 

WBC: white blood cells; RBC: red blood cells; Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular 

hemoglobin; MCHC: mean corpuscular hemoglobin concentration. 
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3.3. HbA1c and Chromatographic Subfractions 

Mean HbA1c was markedly lower in participants with he-

moglobinopathy than in controls (1.29 ± 0.50% vs. 5.64 ± 

0.54%; p < 0.001). By contrast, HbA1a was higher in the he-

moglobinopathy group, suggesting redistribution of chroma-

tographic fractions. LA1C+ was lower in the hemoglobinopa-

thy group, whereas the difference in HbA1b was at the thresh-

old of statistical significance (Table 3). Figure 2 summarizes 

the difference in mean HbA1c between groups. 

 
Figure 2. Comparison of mean HbA1c between controls and participants with hemoglobinopathy. Bars represent mean ± standard deviation. 

The between-group difference was statistically significant (p < 0.001). 

Table 3. HbA1c and chromatographic subfractions in the two study groups. 

HPLC fraction 
Controls (n = 50) 

Mean ± SD 

Controls 

Min-Max 

Hemoglobinopathy (n = 100) 

Mean ± SD 

Hemoglobinopathy 

Min-Max 
p 

HbA1c (%) 5.64 ± 0.54 4.0-6.3 1.29 ± 0.50 0.05-5.7 < 0.001 

HbA1a (%) 0.29 ± 0.10 0.2-0.6 1.04 ± 0.82 0.1-4.2 < 0.001 

HbA1b (%) 0.86 ± 0.25 0.1-1.4 0.87 ± 0.86 0.1-5.5 0.050 

LA1C+ (%) 2.19 ± 0.55 1.0-5.3 0.99 ± 0.99 0.1-4.0 < 0.001 

Fractions are expressed as percentages. LA1C+: labile/associated HbA1c fraction as defined by the HPLC system used. 

3.4. Chromatographic Fractions According to Hemoglobin Phenotype 

HbA1c differed significantly across electrophoretic categories (p = 0.0030). The lowest values were observed in CC and the 

SFA2 electrophoretic profile. LA1C+ also varied significantly according to electrophoretic category (p = 0.00011), whereas 

HbA1a and HbA1b did not show significant between-phenotype variation (Table 4). 

Table 4. HPLC subfractions according to electrophoretic phenotype. 

Phenotype n 
HbA1c (%) 

Mean ± SD 

HbA1a (%) 

Mean ± SD 

HbA1b (%) 

Mean ± SD 

LA1C+ (%) 

Mean ± SD 

AS 6 1.74 ± 2.07 0.97 ± 0.73 0.93 ± 0.72 1.47 ± 1.16 

SS 62 0.43 ± 1.36 1.15 ± 0.86 0.94 ± 0.80 0.96 ± 1.04 

CC 2 0.05 ± 0.00 0.55 ± 0.07 0.35 ± 0.07 0.35 ± 0.21 

SC 27 0.77 ± 1.64 0.79 ± 0.75 0.74 ± 1.08 1.00 ± 0.92 

SFA2 3 0.05 ± 0.00 1.50 ± 0.61 0.63 ± 0.32 0.83 ± 0.67 
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Phenotype n 
HbA1c (%) 

Mean ± SD 

HbA1a (%) 

Mean ± SD 

HbA1b (%) 

Mean ± SD 

LA1C+ (%) 

Mean ± SD 

P  0.0030 0.1010 0.4905 0.00011 

Values are mean ± standard deviation. The p values evaluate variation across electrophoretic phenotypes. 

3.5. Discordance Between Blood Glucose and 

HbA1c 

The combined analysis showed a major discordance: mean 

blood glucose was comparable between groups, whereas 

HbA1c was markedly lower in participants with hemoglobi-

nopathy. The concomitant anemia provides a biological expla-

nation for at least part of this discordance (Table 5). 

Table 5. Discordance between blood glucose, hemoglobin concentration, and HbA1c according to study group. 

Parameter 
Controls (n = 50) 

Mean ± SD 

Hemoglobinopathy (n = 100) 

Mean ± SD 
p Interpretation 

Blood glucose (g/L) 0.87 ± 0.13 0.85 ± 0.07 0.321 Comparable blood glucose 

HbA1c (%) 5.64 ± 0.54 1.29 ± 0.50 < 0.001 Marked decrease with hemoglobinopathy 

Hemoglobin (g/dL) 14.53 ± 1.58 8.75 ± 1.88 < 0.001 Anemia associated with hemoglobinopathy 

 

This table summarizes the major blood glucose-HbA1c dis-

cordance and the associated anemia as a biological factor con-

tributing to low HbA1c. 

4. Discussion 

This study demonstrates a major influence of hemoglobin 

variants on HPLC measurement of HbA1c among patients 

with hemoglobinopathy at Treichville University Hospital. 

The principal finding was the marked discordance between 

comparable mean blood glucose concentrations in controls 

and participants with hemoglobinopathy and a substantially 

lower mean HbA1c in the hemoglobinopathy group. 

The predominance of SS and SC phenotypes underscores 

the relevance of this finding in an African setting where he-

moglobinopathies remain an important public health problem 

[5, 6]. In these patients, an isolated HbA1c result may falsely 

suggest low average glycemia or satisfactory glycemic control, 

although the measured value is strongly influenced by the he-

moglobin phenotype and erythrocyte kinetics. 

The most plausible biological mechanism is shortened 

erythrocyte survival. HbA1c forms progressively during the 

lifespan of the red blood cell. When chronic hemolysis re-

duces erythrocyte age, the duration of hemoglobin exposure 

to glucose is shortened, lowering HbA1c independently of the 

true glycemic status [11, 13]. This mechanism is particularly 

relevant to SS and SC disease, which are associated with 

chronic anemia and hemolysis. The substantially lower hemo-

globin concentration observed in the hemoglobinopathy group 

supports this interpretation. 

Method-specific analytical interference adds to this biolog-

ical effect. Hemoglobin variants may alter retention times, co-

elute with measured fractions, shift HbA1a, HbA1b, or 

LA1C+ peaks, or compromise automated peak integration [7, 

8]. Method-comparison studies have confirmed that the mag-

nitude and direction of interference depend on the specific 

variant, heterozygous or homozygous status, and the analyti-

cal platform [14-18]. The HumaNex A1c Variant system dis-

plays a variant window and is designed to detect common var-

iants such as HbC, HbE, HbD, and HbS, but any abnormal 

chromatographic pattern must be interpreted cautiously and 

confirmed by a specific hemoglobin-identification method 

[12]. 

Our findings are consistent with those of Lacy et al., who 

reported lower HbA1c for a given level of glycemia among 

African American individuals with sickle cell trait [19]. They 

also agree with the local study by Lohoré et al. in Abidjan, 

which included 94 HbAS participants and 76 HbAA controls. 

In that study, HbA1c was significantly lower in HbAS partic-

ipants than in controls (5.03 ± 0.67% vs. 5.57 ± 0.39%; p < 

0.0001) [20]. The present study extends this observation to 

major electrophoretic categories, including SS, SC, CC, and 

the SFA2 profile, in which hemolysis and the absence or low 

proportion of HbA may make HbA1c interpretation even more 

difficult. Importantly, SFA2 in this manuscript is an electro-

phoretic profile label: HbS, HbF, and HbA2 are fractions de-

tected within the same profile, and HbA2 is not being treated 

as a separate phenotype. 
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Recent studies from sub-Saharan Africa likewise empha-

size the importance of hemoglobin type, hematological pa-

rameters, and local validation of HbA1c methods [21, 22]. In 

routine practice, the laboratory report should flag abnormal 

chromatographic patterns or suspected interference. HbA1c 

should be assessed in relation to blood glucose, the complete 

blood count, mean corpuscular volume, hemoglobin concen-

tration, and the electrophoretic phenotype. When HbA1c is 

discordant or unreliable, fructosamine or glycated albumin 

may be considered, while recognizing their limitations in pa-

tients with abnormal albumin concentration, inflammation, or 

hepatic or renal disease [23, 24]. 

This study has several limitations. Its cross-sectional design 

precluded longitudinal assessment. HbA1c was not compared 

with a non-HPLC method, continuous glucose monitoring, 

fructosamine, or glycated albumin. The CC group and the 

SFA2 electrophoretic-profile group were small, limiting sub-

group-specific inference. The SFA2 label was analyzed de-

scriptively as reported by electrophoresis and was not used as 

a molecular-genotype designation. Nevertheless, the large 

HbA1c-blood glucose discordance and the simultaneous he-

matological findings provide clinically relevant evidence that 

HbA1c cannot be interpreted in isolation in this population. 

5. Conclusions 

Hemoglobin variants significantly affected HPLC measure-

ment and interpretation of HbA1c in patients with hemoglobi-

nopathy. HbA1c was markedly reduced despite blood glucose 

concentrations comparable to those of controls, demonstrating 

an important biological and clinical discordance. In patients 

with SS, SC, CC, an SFA2 electrophoretic profile, or other 

hemoglobin variants, HbA1c should be interpreted together 

with the chromatogram, blood glucose, hematological find-

ings, and electrophoretic phenotype. Alternative glycemic 

markers should be considered when HbA1c is judged unrelia-

ble. 
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