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Abstract
Background: Iron deficiency Anaemia (IDA) is characterised by reduction in the number of Red
Blood Cells (RBCs) or Hb. concentration due to incomplete Hb synthesis. Glycated Haemoglobin
(HbA1c) is person’s average blood glucose (sugar) levels for the last two to three months. Patients
with haemolytic disease or other conditions with shortened RBC survival exhibit a substantial
reduction in HbA1c. Similarly, individuals with recent significant blood loss have falsely low values
owing to a higher fraction of young erythrocytes. Some studies have reported iron depletion is related
to increased Glycation of Hb. resulting in false high values of HbA1c.
Objectives: This study was conducted with objective of to compare the effect of Hb% and HbA1c
level among iron deficient and non-iron deficient nondiabetic patients.
Material and Methods: This cross-sectional and comparative study was conducted in the
Department of Biochemistry, Pathology and Medicine of tertiary care hospital of Gujarat. Total 184
non-diabetic patients with confirmed diagnosis of IDA were included as cases. Another 184 healthy
individuals without IDA and diabetes were included as control. Statistical analysis was done by
student’s t-test (unpaired t-test) after testing for homogeneity of variance and p-value was calculated
(p-value <0.05 significant).
Result: Mean HbA1c in group A was more as compared to group B and this difference was highly
significant (p<0.0001). It shows that iron deficient patients had higher value of HbA1c as compared to
non-iron deficient subjects
Conclusion: Our study concluded that iron deficiency leads to increase in HbA1c. Using HbA1c as
a common diagnostic tool for diabetes we must keep in mind the IDA status for better
endocrinological profile and medication of patients. HbA1c should always be interpreted cautiously
in anaemic patients.
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Introduction
Iron deficiency Anaemia (IDA) occurs
when your body does not have enough
iron. Iron helps make red blood cells. Iron
deficiency anaemia is the commonest form
of anaemia in all types of anaemia.
Anaemia is a serious global public health
problem that mainly affects young children
and pregnant women. Anaemia is
characterised by reduction in the number
of Red Blood Cells (RBCs) or Hb.
concentration due to incomplete Hb.
synthesis that results in microcytic and
hypochromic RBCs [1]. Criteria for
anaemia is Hb value <12 g/dl in women
and <13 g/dl in men as per World Health
Organisation (WHO) guideline [2]. In
developing countries, causes for anaemia
are
multi-factorial
like
nutritional
deficiencies (iron, folate, and vitamin B12
deficiencies), infections and chronic
illness. The term "Diabetes Mellitus"
describes a metabolic disorder of multiple
aetiology characterized by chronic
hyperglycaemia with disturbances of
carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion,
insulin action, or both. The effects of
diabetes mellitus include long–term
damage, dysfunction and failure of various
organs [3]. Glycated Haemoglobin
(HbA1c) is person’s average blood
glucose (sugar) levels for the last two to
three months. Formation of HbA1c is
essentially irreversible. Its concentration in
the blood depends on both the life span of
the RBC (average life span is 120 days)
and the blood glucose concentration.
Values of HbA1c are unaffected by dayto-day glucose fluctuations, recent exercise
or food ingestion [4]. Interpretation of
HbA1c depends on RBCs having a normal
lifespan. Patients with haemolytic disease
or other conditions with shortened RBC
survival exhibit a substantial reduction in
HbA1c [5]. Similarly, individuals with
recent significant blood loss have falsely
low values owing to a higher fraction of
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young erythrocytes. Some studies have
reported iron depletion is related to
increased Glycation of Hb. resulting in
false high values of HbA1c [6]. The effect
of IDA on HbA1c estimation is yet to be
established as the studies conducted so far
have no specific results [7,8]. This study
was conducted with objective of to
compare the effect of Hb% and HbA1c
level among iron deficient and non-iron
deficient non-diabetic patients.
Materials and Methods
This was cross-sectional and comparative
study, conducted in the Department of
Biochemistry and Pathology of tertiary
care hospital of Gujarat, India for 6
months from October 2021 to March 2022.
Study was approved from the Institutional
Ethics Committee Study was started after
getting informed consent from the study
participants. In 6 months approximately
100000 samples were processed in the
Department of Biochemistry & Pathology.
Out of these only 40% of samples were for
CBC (including Haemogram), Blood
Sugar, HbA1c and Serum Iron. Hence
taking 95% as confidence level, 5% as
margin of error, 40% population
proportion and 100000 population size, the
size of consecutive samples taken was 368
[9]. Out of which 184 cases of IDA with
non diabetic (Group A) and 184 healthy
subjects as control Non IDA and Non
diabetic (Group B) were consecutively
selected from OPD and IPD of Department
of Medicine. Both male and females of age
18 to 65 years were included as case as
well as control. Non-diabetic patients with
confirmed diagnosis of IDA were included
as cases. Healthy individuals without IDA,
diabetes was included as control. Hb%
(gm/dl) for inclusion as cases was <12 for
female and <13 for male. Those who were
less than 18 years and more than 65 years,
having diabetes, renal disease, Pregnant
women, history of recent blood transfusion
and having anaemia due to blood loss or
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heamoglobinopathies were excluded from
study. After obtaining informed consent
from study participants, blood sample was
collected from each of the study subject
for Haemogram (CBC)- White Blood Cell
(WBC) count, Total 1. leucocyte count,
Differential leucocyte count, RBCs,
Platelet count, Packed Cell Volume
(PCV), Red Cell Distribution Width
(RDW), Hb%, MCH, MCV, MCHC.
Estimation of Blood sugar- Fasting and
Postprandial (PP), HbA1c, blood urea,
serum creatinine, Estimation of Iron
profile- Serum iron, Serum ferritin, TIBC.
A 10 ml of blood was collected from both
groups in overnight fasting condition in
the morning hours. The antecubital vein of
the arm was preferred for sample
collection. Blood was collected in plain
vial, EDTA and Fluoride vial. The tubes
were appropriately labelled and transferred
to the laboratory. Blood was collected in
plain vial and Fluoride vial was allowed to
clot by placing the vacutainer tube with
red and lavender cap, respectively in a
rack at the room temperature for at least 30
minutes. Then vials were centrifuged at
2000 rpm for 10 minutes and serum was
separated. The clear serum was analysed
within eight hours. Grossly haemolysed
samples were avoided for analysis. After
proper mixing of EDTA blood haemogram
(CBC) was done on Advia 2120
Hematology
System
by
Siemens
Healthineers India [10]. Serum iron [11],
Serum TIBC [12], glycated haemoglobin
[13], fasting and PP blood glucose [14]
and kidney function test [15,16] was done
on AU 5800 chemistry analyser by
Beckman Coulter. Serum ferritin17 was
estimated
by
Chemiluminescence
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Immunoassay (CLIA) method in Beckman
Coulter Access2 instrument by Beckman
Coulter. Internal and external quality
control of all parameters was regularly
maintained by controls provided by BioRad and CMC Vellore. Collected data was
entered in Microsoft Excel 2010. Mean
and the Standard Deviation (SD) for all the
variables of both the groups were
calculated using MedCal C v.12.5.0.
Statistical analysis was done by student’s
t-test (unpaired t-test) after testing for
homogeneity of variance and p-value was
calculated (p-value <0.05 significant).
Results
As per table 1 in group A, 82 (44.57%)
participants were male and 102 (55.43%)
were female. In group B, 95 (51.63%)
participants were male and 89 were female
(48.37%). Both groups are comparable
(p=0.21). Mean age in group A was 42.38
years and mean age for group B was 39.86
years, that was statistically not significant
(p=0.09).
As shown in table 2, mean of Hb%, MCV,
MCH and MCHC were significantly
higher in group B compared to group A (pvalue <0.0001) because group B was taken
as non-iron deficient patients. Mean serum
iron and mean serum ferritin was higher in
group B as compared to group A and the
difference
was
highly
significant(p<0.0001). Mean serum TIBC
was more in group A compared to group B
and the difference was highly significant.
Mean HbA1c in group A was more as
compared to group B and this difference
was highly significant (p<0.0001). It
shows that iron deficient patients had
higher value of HbA1c as compared to
non-iron deficient subjects.

Table 1: Sociodemographic Data
Group A(n=184) Group B(n=184) p- Value
82 (44.57%)
95 (51.63%)
0.21
102 (55.43%)
89 (48.37%)

Gender
Male
Female
Age in Years
42.38±13.72
(Mean ± SD)
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Table 2: Comparison of Haemogram and Iron profile
Haemogram
Group A(n=184) Group B(n=184)
p- Value
Mean ± SD
Mean ± SD
Hb%(g/dl)
8.02 ± 2.46
12.86 ± 1.12
<0.0001
MCV (fl)
69.28 ± 11.02
86.22 ± 7.22
<0.0001
MCH (pgm
26.10 ± 3.78
29.86 ± 2.16
<0.0001
MCHC (gmHb/dl)
28.72 ± 2.98
34.26 ± 2.12
<0.0001
Iron profile
Serum Iron (μgm/dl)
33.42 ± 19.22
74.18 ± 23.46
<0.0001
Serum Ferritin (μgm/dl) 19.81 ± 30.12
62.06 ± 46.38
<0.0001
Serum TIBC (μgm/dl)
392.80 ± 128.20 269.24 ± 86.68
<0.0001
As shown in table 3, Glycated Haemoglobin is significantly higher in Group A compared to
Group B (P <0.0001).

Parameters

Glycated
Hb%)

Haemoglobin

Table 3: Comparison of HbA1c
Group
A(n=184)
Mean ± SD
(HbA1c) (gm 5.98 ± 0.72

Discussion
A study by Shanthi B et al., found that the
mean HbA1c value in the patients with
IDA was more than the control group (p
<0.001) [6] that is comparable with our
study. Kim C et al., reported an increase in
HbA1c in iron-deficient people and lead to
an upward shift of HbA1c distribution. In
the present study similar results were
obtained but the HbA1c level was in
normal range [18]. Parlapally RP et al.,
found that the mean HbA1c level in the
patients with IDA (6.13% ± 0.57%) was
higher than that in the control group (5.12
±0.30%) (p<0.001) [19] Adeoye S et al.,
found that non-diabetic anaemic patients
had lower mean of HbA1c (5.3 vs 5.7).
Result of Adeoye S et al., was different
from present study [20]. Sinha N et al.,
found that mean baseline HbA1c level in
anaemic patients was significantly lower
than that of non-anaemic group, result of
our study was different compared to our
study [21].
Conclusions
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Group
B(n=184)
Mean ± SD
5.34 ± 0.30

pValue
<0.0001

Our study concluded that iron deficiency
(decreased Hb%) leads to increase in
HbA1c. In Indian population Iron
Deficiency Anaemia and Diabetes Mellitus
are extremely common. Using HbA1c as a
common diagnostic tool for diabetes we
must keep in mind the IDA status for
better endocrinological profile and
medication of patients. HbA1c should
always be interpreted cautiously in
anaemic patients. Mechanism of high
HbA1c level in IDA is not established and
various theories exist to explain this,
however more large-scale studies are
required to find out the proper mechanism
underlying this relationship.
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