
Background
Diabetes mellitus (DM) is characterized by persistent 
hyperglycemia resulting from the body’s improper 
utilisation of blood glucose for energy, and affects >8% 
of the world population. The indirect and direct effects 
of persistent hyperglycemia on the human vascular 
tissue are the key source of morbidity and mortality in 
diabetes (1). The main goal of diabetes management is 
to maintain the plasma glucose concentration within or 
near the normal reference range. HbA1c or glycosylated 
hemoglobin assay is currently the measure of choice in 
monitoring the treatment of diabetes. HbA1c testing 
gives notable and practical advantages over plasma 
glucose testing as it does not vary significantly, and thus 
can be tested at any time of the day. It is an important 
blood test that is able to determine how well diabetes 
is being controlled over the preceding 6–8 weeks. The 

HbA1c concentration in the blood of diabetic patients 
increases with increasing blood glucose levels, and 
HbA1c is an indicative of the mean blood glucose level. 
This assay is useful not only for diagnosis of diabetes 
but also for identifying patients who may be at risk for 
developing diabetes.

HbA1c is produced by glycation, and the glucose 
moiety attaches non-enzymatically to the molecule 
of hemoglobin to form glycated hemoglobin. The 
rate of formation of glycated hemoglobin is directly 
proportional to the blood glucose concentrations. 
Since the average life span of circulating red blood cell 
is about 120 days, the HbA1c level at any time reflects 
the mean blood glucose level during the preceding 
period of 2-3 months. HbA1c is the most commonly 
detected glycated hemoglobin formed by glucose 
moiety attached to one or both n-terminal valines of the 
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Abstract
Background: Glycated Hemoglobin A1c (HbA1c) assay is most widely used in diabetic patients for 
assessing long-term control of glycemia. The presence of hemoglobin variants may be an incidental finding 
and can interfere with HbA1c measurements. The aim of the present study is to investigate the prevalence 
and impact of interference of different abnormal hemoglobin variants on HbA1c measurements during 
routine HbA1c testing. 
Methods: A total of 12,092 HbA1c samples were collected from January to August 2018. HbA1c 
quantification was carried out on a Variant II Bio-Rad’s HPLC analyzer. Abnormal chromatograms were 
further analyzed using the extended-run high-pressure liquid chromatography (HPLC) analysis in the 
A2/F mode.
Results: The samples were examined for presence of abnormal variants. Samples producing abnormal 
chromatograms were further analyzed in A2/F mode to characterize hemoglobin variants. Abnormal 
variants were identified in 126 (1%) samples, and 74 (0.59%) sickle cell traits (SCT) were the most 
common variant in our findings. Moreover, 30 (0.24%) cases were eluted in the variant window in A1c 
mode, which on further analysis were found to be Hb E & Hb D traits. Furthermore, 3 (0.02%) cases were 
eluted at a RT <1 min as (unknown) and identified as Hb H. Also,19 (0.15%) samples were eluted in the 
P3 window at different retention times.
Conclusion: Observing each chromatograph after the analysis can help us in identifying silent 
hemoglobin variants in routine HbA1c testing. Knowledge and awareness of common hemoglobin 
variants affecting measurement of HbA1c is imperative to avoid reporting of falsely low HbA1c values 
in diabetic population.
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polypeptide chains of normal adult hemoglobin (2). For 
normoglycemic people, HbA1a1, HbA1a2, and HbA1b 
constitute 0.4%-0.5% and HbA1c constitutes 4%-6% of 
total hemoglobin. Total HbA1 is normally 5%-7%. In 
diabetics, the total HbA1 and A1c levels are significantly 
elevated and are directly correlated to long-term degree 
of hyperglycemia. Transient elevations in plasma glucose 
mildly affect HbA1c levels. Therefore, measuring the 
HbA1c gives the physician a time-averaged picture of the 
patient’s plasma glucose concentration over the last three 
months and correlates well with both microvascular and 
macrovascular complications (3,4).

American Diabetes Association (ADA) and the World 
Health Organisation (WHO) recommended HbA1c as 
one of the practical ways to diagnose DM. Latest ADA 
guidelines recommend that an HbA1c test be performed 
at least twice a year for patients who met treatment 
goals and had a stable blood glucose level. For patients 
whose treatment has changed or who are not achieving 
glycemic targets, a quarterly HbA1c test is recommended. 
Decreasing HbA1c to an average of less than 7% has 
clearly reduced both microvascular and macrovascular 
complications of diabetes. The two important factors 
that determine the HbA1c levels are the average plasma 
glucose concentration and the life span of the red blood 
cells (RBCs). If the RBC life span is reduced because 
of any disease condition such as hemoglobinopathies, 
the adult hemoglobin will have short time to become 
glycosylated and the HbA1c level will be lower. 

Demographic and metabolic characteristics may have 
a role in affecting the accuracy of HbA1c. Hemolytic 
anemia, presence of hemoglobin variants, and chemically 
modified hemoglobins will adversely affect HbA1c 
test results. The effects alter depending on the specific 
hemoglobin variant or hemoglobin derivative and the 
particular HbA1c method used. Hemolytic anemia, or 
any other condition that shortens erythrocyte survival, 
will decrease HbA1c test results nevertheless of the assay 
method used. Hemoglobin variants interfere during 
HbA1c measurement and may give falsely lower values; 
thus, it may result in improper treatment of diabetes and 
premature death. One study on inherited hemoglobin 
disorders estimated that approximately 7% of the world 
population are heterozygous carriers of hemoglobin 
disorders (5). Out of 366 million individuals with DM 
in 2011, approximately 26 million also had a disorders 
of hemoglobin, and these numbers are anticipated to 
double by 2030 (6,7). Hemoglobin variant analysis 
by HPLC technique is recommended by National 
Glycohemoglobin Standardization Program (NGSP). 
Hence, this study evaluated the possible presence of 
abnormal hemoglobin variants and their interference 
on HbA1c measurement during routine HbA1c testing 
by HPLC technique. It also aimed to assess whether any 
abnormal hemoglobin variants in the samples could 
interfere on the quantitative determination of HbA1c 
during routine HbA1c testing by HPLC technique.

Materials and Methods
In this retrospective study, a total of 12,092 samples 
were collected and analyzed for HbA1c levels from 
January to August 2018. The study was conducted in 
the Biochemistry Department of Nizam’s Institute of 
Medical Sciences, Hyderabad, India. The Institutional 
Ethics Committee approved the study protocol (PBAC 
No. 1183/17). 

Glycated Hemoglobin (HbA1c) Measurement
The whole blood samples were collected in vacutainer 
tubes containing K3-EDTA. HbA1c levels were 
estimated by Ion exchange-high-performance liquid 
chromatography (IEX-HPLC) using Bio-Rad D-10TM 
Dual Program. Cation analytical cartridge 6.6 mm ID 
x 27.5 mm with 5 prefilters was used. HPLC analytical 
cartridge was calibrated with D-10 Dual Program 
HbA2/F/A2c bilevel calibrators supplied along with the 
kit. Lyphocheck diabetes controls from Bio-Rad were 
used as an internal control. The diluted samples were 
injected into the HPLC cartridge. The D-10 delivered 
a buffer gradient of increasing ionic strength to the 
cartridge, where the different hemoglobin fractions were 
divided based on their ionic exchange with the cartridge 
material. The divided hemoglobins then passed through 
the filter photometer flow cell, where changes in the 
absorbance at 415 nm were measured. The HbA1c 
area was calculated using an exponentially modified 
Gaussian (EMG) model that excludes the carbamylated 
peak and labile A1c area from the HbA1c peak area. The 
sample report with the HbA1c result in percentage (%) 
was generated. The linearity of the HbA1c assay was 
3.4–16%. 

After the analysis, all chromatograms were examined 
for the presence of hemoglobin variants. If hemoglobin 
variants like hemoglobin E, D, and S were present, they 
were eluted in the variant window. If the homozygous 
and double-heterozygous forms of hemoglobin variants 
are present in the sample, Hb A is not detected; therefore, 
no HbA1c value can be obtained. All samples generating 
abnormal chromatogram were further analyzed using 
D-10 Dual Program HPLC method in an extended 
program designed for the percentage determination 
of hemoglobin A2, F, and A1c, and to identify and 
characterize abnormal hemoglobin variants in human 
whole blood samples. The statistical analysis was done 
by Microsoft Excel and Graph pad prism version 7. The 
data was expressed as percentages.

Results
A total of 12,092 samples received for HbA1c assay 
were screened after analysis. Patients were categorized 
into diabetics and non-diabetics, and the distribution 
of patients according to the gender was provided in 
Table 1. Abnormal chromatograms were identified in 
126 cases, accounting for 1% of total samples analyzed. 
Distribution of hemoglobin variants is listed in Table 2. 
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Out of 125 hemoglobin variant samples, SCT was found 
to be the most common variant identified in our study 
(74 samples, 58.7%); in addition, Hb S ranged from 30-
40%. Moreover, 30 (23.8%) samples were eluted in the 
variant window in A1c mode. Out of 30 samples, 22 
(17.4%) cases were identified as SCT. Low HbA1c was 
detected and Hb sickle was shown in S-Window. In a few 
cases, no HbA1c was detected and Hb sickle was shown 
in S-Window (Figures 1a-1e). Furthermore, sickle cell 
homozygous was seen in 10 (8%) cases, and Hb S levels 
were in the range of 60-80%. 

Hb D Punjab trait was observed in 8 (6.3%) samples. 
In the A2/F mode, Hb D Punjab eluted in an unknown 
window at a retention time of 3.8 min ranging from 30% 
to 43% of the total hemoglobin (Figures 2a & 2b). On 
further analysis, 2 (1.6%) samples were identified as Hb 
E homozygous and 2 (1.6%) samples were identified as 
Hb E trait. Hb E eluted in the Hb A2 window. One way to 
differentiate it from Hb A2 is its percentage; the Hb A2 
fraction will never be more than 8% in a beta thalassemia 
trait, therefore when the fraction is more than 30% the 
pattern suggests Hb E heterozygosis (Figures 3a & 3b). 
Then, 5 (4%) cases were eluted in the P3 window. In A1c 
mode, a significant peak was seen in the P3 window at a 

retention time of 1.3 to 1.39 minutes. A low HbA1c was 
noted in these cases (Figures 4a & 4b). HbA1c values were 
low and not consistent with the corresponding fasting 
blood glucose and post prandial blood glucose levels 
in one case. We identified 2 (1.6%) cases of hereditary 

Table 1. Diabetic and Non-Diabetic Patients by Gender Distribution

Total number of patients 12092

Diabetics
Male/Female

7762
4893/2869

Non-diabetics
Male/Female

4330
2903/1427

Table 2. Distribution of Hemoglobin Variants

S.NO Variants No. of cases

1 Sickle cell trait 74

2 Sickle cell homozygous 8

3 Variant window 30

4 Unknown 5

5 P3 peak 5

6 Hb F 2

7 Hb E homozygous 2

Figure 1a-1e. Detection of Hb Sickle Trait and Homozygous in A1c and A2/F Mode. 
1a: Hb Sickle trait in A1c mode, 1b: Hb Sickle trait in A2/F mode, 1c: Hb Sickle homozygous in HbA1c mode. Low HbA1c detected and Hb 
sickle shown in S-Window. 1d: Hb Sickle homozygous in HbA1c mode. No HbA1c detected and Hb sickle shown in S-window. 1e: Hb Sickle 
homozygous in A2/F mode
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Figure 1a-1e: Detection of Hb Sickle trait and homozygous in A1c and A2/F mode. 1a: Hb Sickle trait 
in A1c mode, 1b: Hb Sickle trait in A2/F mode, 1c: Hb Sickle homozygous in HbA1c mode. Low HbA1c 
detected and Hb sickle shown in S-Window.  1d: Hb Sickle homozygous in HbA1c mode. No HbA1c 
detected and Hb sickle shown in S-window. 1e: Hb Sickle homozygous in A2/F mode. 
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Figure 2a & 2b: Detection of Hb D Punjab in A1c and A2/F mode. 2a: Hb D Punjab in A1c mode, 2b: 
Hb D Punjab in A2/F mode. 
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Figure 2a & 2b. Detection of Hb D Punjab in A1c and A2/F Mode. 2a: Hb D Punjab in A1c Mode, 2b: Hb D Punjab in A2/F Mode

Figure 3a and 3b. Detection of Hb E Variant in A1c & A2/F Mode. 3a: Hb E Variant in A1c Mode, 3b: Hb E Variant in A2/F Mode

Figure 4. Elevated P3 Peak Seen in HbA1c & and A2/F Mode. 4a: Elevated P3 Peak in A1c Mode, 4b: Elevated P3 Peak in A2/F Mmode 
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Figure 3a and 3b: Detection of Hb E variant in A1c & A2/F mode. 3a: Hb E variant in A1c mode, 3b: 
Hb E variant in A2/F mode. 
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persistence fetal hemoglobin. The mean Hb F level was 
25% in these cases (Figures 5a & 5b). We also identified a 
significant peak eluted as unknown before 0.5 minute in 
all 5 (4%) samples suggestive of Hb H condition. HbA1c 
and A2 values were low in all Hb H cases (Figure 6). 

Discussion
DM is the rapidly growing disease worldwide. At 
present, India represents 49% of the world diabetes 
burden with an approximate 72 million cases in 2017, 
and this figure is anticipated to double by the year 2025. 
With the rising, diabetes remains major cause of death 
in the world. Diabetes treatment requires the long-term 
maintenance of a plasma glucose level to a normal value, 
lowering the risk of long-term micro and macro vascular 
complications (8). A single plasma glucose estimation is 
demonstration of the patient’s current condition, but may 
not reflect the actual status of plasma glucose regulation 
(9). HbA1c measurement for every 2 to 3 months has 
been well accepted as a measure of glycemic control in 
the treatment of patients with diabetes. HbA1c values 
are strongly correlated with plasma glucose levels; hence, 
it is an acceptable biomarker for monitoring glucose 
control. The risk of diabetic complications in type 2 
diabetic patients was strongly associated with persistent 
hyperglycemia. Reduction of HbA1c levels by 1% is 
likely to lower the risk of complications, such as heart 
failure, fatal or nonfatal myocardial infarction, stroke, 
amputation, small blood vessel disease, and diabetes-
related death with the lowest risk in patients with HbA1c 
values in the normal reference range (4-6%) (10). The 
ADA has recommended the stand-alone use of HbA1c 
for diagnosing diabetes (11); hence, measurement of 
HbA1c should be precise and accurate and one should 
know about the confounding factors affecting HbA1c 
measurement. 

When selecting the HbA1c assay method, all 

laboratories should consider the characteristics of the 
patient population presented. If any hemoglobin variant 
is detected, the laboratory has to alert the clinician of the 
presence of Hb variant. It is also important to note that 
many laboratories measure HbA1c levels in different 
ways. Automated cation exchange HPLC instruments are 
used by most laboratories for estimation of HbA1c and 
abnormal hemoglobin variants. Hemoglobin variants 
with net positive charge were separated by absorption 
onto a negatively charged stationary phase, and were 
eluted from the column by using buffers of varying 
ionic strength. The eluted fractions were identified 
spectrophotometrically by their specific retention time. 
The more positively charged hemoglobins have longer 
retention time. Hb H elutes within one minute, whereas 
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Figure 5. Detection of Hereditary Persistence of Fetal Hemoglobin. 5a. Hereditary Persistence of Fetal 
Hemoglobin in A1c Mode. 5b. Hereditary Persistence of Fetal Hemoglobin in A2/F Mode 
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Hb S more positively charged hemoglobins have longer 
retention time. 

Many laboratorians are not aware that variants of 
hemoglobin can be detected incidentally during HbA1c 
testing and may not be read to discuss with physicians 
and report such findings (12). The detection of abnormal 
hemoglobin variants during routine HbA1c analysis by 
HPLC is a foreseeable situation and is common in racially 
diverse populations; this should be anticipated before 
testing and requires a plan of action for appropriate 
management in clinical medicine (13). Hb variants can 
affect measurement of HbA1c levels by HPLC method. 
Hemoglobin variants can affect HbA1c levels in three 
different ways: i) by greatly influencing the binding of 
glucose to hemoglobin, ii) by affecting chromatography 
peak measurement of desired analyte, and iii) by 
promoting the risk of hemolysis and hence decreasing 
the life span of RBCs (14). Laboratories should be 
conscious of hemoglobin variants occurring locally and 
select an appropriate HbA1c assay method (15).

When plasma glucose levels do not correlate well 
with corresponding HbA1c levels, one should inspect 
the chromatogram and further analyze the samples 
in extended A2/F mode for possible presence of 
abnormal hemoglobin variants. A frequently occurring 
β-thalassemia is often found in the heterozygous state as 
β-thalassemia trait. Adult blood contains predominantly 
hemoglobin A (Hb A), a minor percentage of hemoglobin 
A2 (HbA2), and small amounts of fetal hemoglobin (Hb 
F). β-thalassemia carriers generally have 4-7% HbA2 
levels and Hb F levels of 1-5% (16). Other frequently 
occurring hemoglobin variants include hemoglobins 
sickle, Hb E, Hb C, and Hb D (17). Identification of sickle 
cell variants is made using a retention time window, such 
as S-Window. 

Hemoglobin variants may interfere with HbA1c 
analysis independent of their effects on RBC survival. 
Hemoglobin variants, that cannot be separated from 
either Hb A or HbA1c, will produce falsely increased 
or decreased results by IEX-HPLC. SCT is the most 
common variant identified in our study. Hb sickle is 
produced by amino acid substitution at position 6 of 
the beta globin chain, where glutamic acid is substituted 
by valine. This variant haemoglobin is a modified 
hemoglobin molecule, which when exposed to low 
oxygen environment, it sticks together to form long rods 
inside the RBCs making these cells inflexible and sickle-
shaped. Two large cohort studies on African Americans 
demonstrated that subjects with SCT had lower levels of 
HbA1c at any given concentration of fasting or 2-hour 
glucose compared with subjects without SCT. These 
findings suggested that HbA1c may systematically 
underestimate past 3-month glycemia in African patients 
with SCT (18).

In patients with sickle homozygous, HbA1c is low or 
undetected by HPLC technique. Hence, an alternative 
method such as serum fructosamine should be used 

for monitoring glycemic control in such patients. 
Hemoglobin D (Hb D) was the second common variant 
found in our study; it was commonly seen in Punjabi and 
Muslim population occuring as a result of substitution 
of glycine for glutamic acid at position 121 of the beta-
globin chain. Hb D Punjab is found in northwest part 
of the India. In our study, we detected 14 cases of Hb 
D. We also identified two cases of Hb E homozygous, 
and these patients were native of West Bengal. Hb E 
is formed at position 26 of the beta-globin chain from 
the substitution of lysine for glutamic acid. Hb E is the 
second most prevalent hemoglobin variant worldwide. 
HbA1c values were not detected; hence, HPLC is not 
recommended for monitoring glycemic control in Hb E 
variant patients. 

In age-matched subjects, one study from Bangkok 
showed that HbA1c level is significantly lower in HbE 
subjects than normal hemoglobin subjects (19). Dessi et 
al showed that capillary electrophoresis analyzer is more 
suitable for HbA1c assay in hemoglobin variant samples 
compared to HPLC system (20). Xu et al observed that 
alpha globin chain variant caused unusually high HbA1c 
levels in a Chinese patient (21). One study showed that 
HbA1c levels were significantly low in patients with α‐
thalassemia with one functional α‐gene (Hb H disease) 
compared with controls (22). Nigam et al conducted a 
study to examine the precision of HbA1c values on Bio-
Rad Variant II in cases of Q India, a rare hemoglobin 
variant. They concluded that the results of HbA1c on 
Variant II cannot be reported and needs to be assessed by 
a different method and glycemic control be monitored 
by an alternative test such as serum fructosamine 
(23). Choudhary et al highlighted the potential that 
oral glucose tolerance test results can be erroneous in 
patients with beta-thalassemia, and continuous glucose 
monitoring may be accurate for patients to define their 
glycemic control (24). 

Conclusion
In conclusion, clinical laboratories that use HPLC assays 
for HbA1c should be aware that hemoglobin variants can 
be detected incidentally during routine HbA1c testing, 
and they should be ready to discuss such findings and 
report abnormal hemoglobin variants. Our study 
suggests that careful examination of each chromatogram 
is essential while interpreting HbA1c values. Presence 
of hemoglobin variants may interfere in HbA1c test 
results, which in turn may affect the treatment of 
diabetic patients. To assess glycemic control in diabetic 
patients with hemoglobin variants, one should select 
alternative methods free of the interference such as 
serum fructosamine assay, 1,5-Anhydroglucitol, glycated 
albumin, or any appropriate HbA1c testing methods. 
Advising family screening and further HPLC testing 
can help in identifying other silent hemoglobin variant 
patients in their family members.
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Limitations
Any samples with a combined area of >50% in the 
variant and/or C windows should be suspected of having 
Hb variant and HbA1c result cannot be reported in these 
patients. Beta-thalassemia trait is a common condition 
that can be present in DM patients. Since Hb A2 is 
not measured during HbA1c assay, beta thalassemia 
heterozygous patients are not identified during routine 
HbA1c analysis.
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