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Glycated hemoglobin (HbA1c) is the hemoglobin that is 
irreversibly glycated at one or both N-terminal valines of 
the beta chain.1 It is formed by slow and irreversible, non-
enzymatic addition of a sugar residue to the hemoglobin.2 
The main objective of our study is to find the influence 
of hemoglobin in estimation of HbA1c by HPLC and 
Immunochromatography methods. 

The erythrocytes are freely permeable to glucose and the 
rate of production of HbA1c is directly proportional to the 

ambient glucose concentration, the mean concentration 
of glucose in the blood and the lifespan of erythrocytes 
which is about 120 days.3 The HbA1c concentration 
gives an integrated value for glucose with wide diurnal 
variations over the preceding 2–3 months.4 

Many factors are implicated in the rate of ketoamine 
formations which are physiological like temperature, pH, 
lifetime of proteins, substrate concentrations as well as 
the reactivity of amino groups.5 When the changes in 
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Introduction: The measurement of glycated hemoglobin (HbA1c) is an established 
procedure in evaluating long-term glycemic control in diabetic patients. There are 
many factors like temperature, pH, lifespan of protein, substrate concentrations and 
hemoglobin levels that influence HbA1c estimation by any methods. The aim of the 
study is to estimate HbA1c by High Performance Liquid Chromatography (HPLC) 
and immunochromatography analyzer and find the influence of hemoglobin in 
HbA1c by both the methods.

Methods: This was a descriptive, cross-sectional study carried out in the department 
of Biochemistry of Shree Birendra Hospital, Chhauni, Kathmandu over a period of 
two months from May 2021 to June 2021. We selected patients with type 2 
diabetes mellitus. HbA1c was measured in EDTA blood samples by Bio-Rad D10 
(HPLC method) and Nycocard (Immunochromatography method) whereas 
hemoglobin was estimated using Horiba Penta XLR fully automated hematology 
analyzer. 

Results: In our study of 100 known cases with type 2 diabetes mellitus, the mean 
hemoglobin level was 14 ± 2.09 g/dL. The mean HbA1c value obtained by Nycocard 
and HPLC analyzer were 7 ± 1.95 % and 7.39 ± 2.21% respectively. We found that 
there was a strong correlation of HbA1c values with hemoglobin levels in HPLC 
method p = 0.001, r = 0.6. However, we found no such correlation by Nycocard 
method p = 0.6, r = 0.08. 

Conclusion: There was a positive correlation of hemoglobin with HbA1c values 
obtained by HPLC method however no such variation was seen with 
immunochromatography method. This suggests that estimating HbA1c by HPLC 
methods may show decreased HbA1c with decreased hemoglobin levels and 
increased HbA1c with increased hemoglobin levels.
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HbA1c occurs by 1%, it may lead to changes of 1.4 - 1.9 
mmol / L in average blood glucose concentration.6 The 
medical factors like dyslipidemia, malignancy, pregnancy, 
liver cirrhosis and hematological factors like hemolytic 
anemia, iron deficiency anemia, presence of carbamylated 
hemoglobin in uremia, etc. may affect HbA1c levels.7

METHODS

This was a descriptive, cross-sectional study done in the 
Department of Biochemistry of Shree Birendra Hospital, 
Chhauni, Kathmandu, Nepal. This is a tertiary care referral 
hospital run by Nepali Army for the army personnel and 
their families. The study was initiated after taking approval 
from Institutional Research Committee (IRC/387) of 
Nepalese Army Institute of Health Sciences. The patients 
of both sexes with type 2 diabetes mellitus were included 
in the study. After obtaining the informed consent, blood 
samples of patients were collected in EDTA tubes. Known 
cases of type 2 diabetes were included in the study 
while cases with secondary diabetes like thyrotoxicosis, 
Cushing’s, exogenous steroid use and cases with 
hematological disorders like thalassemia and hemolytic 
anemia were excluded from the study. We measured 
HbA1c levels using both HPLC (Bio-Rad D10) analyzer 
and immunochromatographic (Nycocard) analyzer. 	
Hemoglobin was estimated in the Horiba Penta XLR fully 
automated hematology analyzer. The sample size was 
calculated with a 95% confidence level and 10% error of 
margin taking the expected prevalence of type 2 diabetes 
in Nepal as 9.2%. 8 The formula used is n = Z2*p(1-p)/(e)2, 
where Z is level of confidence, p is expected prevalence 
and e is precision (5%). The statistical level of significance 
(p) is < 0.05.

Microsoft Excel 2010 was used to analyze the data. Linear 
regressive analysis with correlation coefficient was used 
to compare HbA1C with Hemoglobin levels and a p-value 
<0.05 was considered statistically significant. 

RESULTS

Total 100 patients with type 2 diabetes mellitus were 
included in the study. The mean hemoglobin level was 
found to be 14 ± 2.09 g/dL. The mean HbA1c values 
obtained from Nycocard and HPLC analyzer were 7 ± 1.95 
% and 7.39 ± 2.21% respectively (Table 1). There was 
a strong correlation of HbA1c values with hemoglobin 
levels in HPLC methods p=0.001, r=0.6, however, there 
was no such correlation in Nycocard method p=0.6, 
r=0.08 (Figure1and 2). 

Fig. 1 Linear regressive analysis of Hemoglobin with HbA1c 
measured by Nycocard analyzer

Fig. 2 Linear regressive analysis of Hemoglobin with HbA1c 
measured by Bio-Rad D10 analyzer

Table 1. HbA1c results obtained by HPLC and Nycocard analyzer

Hemoglob in 
Levels (g / dL)

%HbA1c 
(Mean ± SD)

 p
value

 r
value

Nycocard 2.09 ± 14 1.95 ± 7.7 0.6 0.08

 HPLC
 Biorad D10 2.09 ± 14 2.21 ± 7.39 0.001 0.6
 
DISCUSSION

In our study, we found a strong correlation of hemoglobin 
levels with HbA1c results obtained from the HPLC 
method (p = 0.001, r = 0.6), however, there was no such 
correlation in Nycocard method. Iron deficiency anemia is 
a major public health problem in developing countries like 
Nepal. Therefore, the estimation of HbA1c by Nycocard 
method has the least interference from Hb levels. The 
estimation of HbA1c by HPLC method is positively 
influenced by hemoglobin levels which must be taken 
into consideration in cases of iron deficiency anemia. Any 
condition that shortens erythrocyte survival or decreases 
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mean erythrocyte age (e.g., recovery from acute blood 
loss, hemolytic anemia) will falsely lower HbA1c results 
regardless of the assay method used.9 The concentration 
of glycated hemoglobin has been reported to be increased 
in anemic patients because of increased production of 
malondialdehye and fructosamine which can be reversed 
by iron treatment.9

HbA1c as a marker of long-term glycemic control must 
be interpreted with caution, especially in patients with 
anemia, increased red cell turnover, and transfusion 
requirements. A study done by Roberts et al10 who 
compared HbA1c results from blood samples collected 
in individuals with hemoglobinopathies, found differences 
in results in samples with hemoglobin-C trait. Similarly, 
study done by Diabetes Control and Complications 
Trial Research Group (DCCT) have found that the HPLC 
method can misidentify hemoglobin variants that have 
lost positive charges and carbamylated hemoglobin-S as 
HbA1c.11

A retrospective study done by Rekha et al12 in Nepal has 
shown that sickle cell anemia is predominant in Tharu 
ethnic group residing in western Nepal and β-thalassemia 
is predominant among other ethnic groups of Nepal. In a 
study done by Marchand et al in Dang district of Nepal 
there was a high prevalence (9.3%) of sickle cell disease13. 

We conclude from our study that estimation of HbA1c 
by HPLC may be influenced by hemoglobin variants, but 
other methods such as Nycocard may help to measure the 
HbA1c levels accurately but do not allow the identification 
of hemoglobin variants.14 The limitation of our study are 
small sample size and based on participants from a single 
center. It would be desirable to conduct larger, multi 
centric study to find out the exact influence of hemoglobin 
and its variants in HbA1c estimation.

CONCLUSIONS
The HbA1c estimation with HPLC method may show 
decrease in HbA1c by positively correlating with 
decreased hemoglobin levels. However, alternative 
self-monitoring of blood glucose levels, glycated serum 
albumin and serum fructosamine must be considered in 
such cases to find the exact HbA1c values.
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