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ABSTRACT
INTRODUCTION:
Iron deficiency anaemia increased when iron intake concentrations, iron reserves, and iron
loss by the body was inadequate to completely sustain erythrocyte development. Anemia with
iron deficiency rarely causes death, but the effect on human health is severe. This disorder is
quickly diagnosed and treated in developed countries, but it is often ignored by doctors. On the
other hand, in underdeveloped nations, it is a health issue that affects large portions of the
population.Hemoglobin A1C (HbA1c) represents the glycemic status of the patient over the
previous three months. Previous studies have reported that, independent of glycemia, iron
deficiency can increase HbA1C concentrations.
Aim:This study is aimed to analyze the effect of iron deficiency anemia on HbA1c levels
inanaemicpopulation and compare with healthy individuals.
MATERIAL AND METHODS: This study included 50 patients of iron deficiency anemia and
50 healthysubjectsas the control group. This is a cross-sectional investigation wherein cases
were out-patients. Patients went to the Directly Observed Treatment Short-course focus in the
Dept. of General Medicine, DattaMeghe Medical college, SMHRC, Nagpur in collaboration
with JNMC, ABVRH (DattaMegheInstitute of MedicalSciences Deemed To Be University),
Sawangi, Wardha, Maharashtra.
RESULT:HBA1cour results suggested that IDA was associated with higher
concentrations of HbA1c.The mean HbA1c of cases was 6.81 % while it was 5.04 %
in healthy control. Application of statistical test shows that the difference of HbA1c
between case and control group was statistically significant.CONCLUSION:In this study, we
observed a positive association between IDA and elevated HbA1C level in non diabetic
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population. HbA1C rises with severity of anaemia. In iron depletion, this spurious elevation of
HbA1C contributes to over or under diagnosis of diabetes at the cutoff point (6.5 percent).
KEY WORDS: HbA1c, Sr.Ferritin, CBC

1.
2.
3.
4.

INTRODUCTION:
One fourth of the world’s populations is affected by anaemia, and the primary cause is iron
deficiency. Chronic fatigue, reduced cognitive ability, and decreased well-being are associated
with anaemia. Patients with iron deficiency anaemia of unknown aetiology are sometimes
referred to a gastroenterologist since the disease is of gastrointestinal origin in the majority of
instances.Proper treatment increases the quality of life, alleviates iron deficiency symptoms, and
decreases the need for blood transfusions. Treatment options include oral and intravenous iron
therapy, but in some gastrointestinal disorders, such as inflammatory bowel disease, celiac
disease, and autoimmune gastritis, the effectiveness of oral iron is restricted.1
For the development of heme and haemoglobin, erythrocytes and their precursors require great
quantities of iron. Iron is central to the structure and function of hemoglobin Mono- or diferric
transferrin, occurring at high plasma concentrations, is the most immediate source of iron for
erythroblast.Iron deficiency anaemia is typically caused by low iron saturation of available
transferrin. Iron is loaded onto diferric transferrin from three sources: the gut (diet), macrophages
(recycled iron), and liver (stored iron ferritin). In general, iron reserves are degraded or destroyed
before the host develops anaemia. Consequently, dietary and erythrocyte-recycled iron must
satisfy the requirements for erythrocyte growth. If iron losses persisted, the newly formed
erythrocytes would have decreased haemoglobin, allowing the amount of iron supplied by the
same number of senescent erythrocytes to decrease.2
Alternatively, anaemia is characterized as a reduced absolute number of circulating RBCs or a
condition in which the number of RBCs (and consequently their oxygen carrying capacity) is
inadequate to meet physiological needs.3 Anemia may also be diagnosed using RBC count,
mean corpuscular volume, blood reticulocyte count, but most commonly diagnosed by a low Hb
concentration or a low hematocrit, Approximately one-third of the world 's population (32.9
percent) are estimated to suffer from anaemia in the blood film study. 4
The iron-supplemented population classification lists the following levels as anaemic: levels
ofHgb (g / dl) below 11 g / dl in the first trimester; levels of 10.5 g / dl in the second trimester;
and levels of 11 g / dl in the third. This is the norm in India that must be embraced. The ICMR
classification for severity of anemia was also accepted by the expert community.5
Classification:6
Grading of anemia, according to the National Cancer Institute, is as follows:
Mild: Hemoglobin 10.0 g/dL to lower limit of normal
Moderate: Hemoglobin 8.0 to 10.0 g/dL
Severe: Hemoglobin 6.5 to 7.9 g/dL
Life-threatening: Hemoglobin less than 6.5 g/dL.
HbA1c: Hemoglobin A (HbA) (95-98 percent), haemoglobin A2 (HbA2) (2-3 percent), and
fetalhaemoglobin (HbF) (1 percent) are the forms of haemoglobin contained in adults. Also,
subtypes of HbA that can be characterised by electrophoresis are HbA0, HbA1a1, HbA1a2,
HbA1b, and HbA1c. HbA1c is 70-90 percent of HbA1, which is HbA1's glycated formHbA1c
results from the glycosylation of praline’shaemoglobin β chain N-terminal which represents the
concentration of plasma glucose. The concentration of HbA1c is mainly influenced by both
haemoglobin and plasma glucose.7
The most prevalent fraction of HbA1 is HbA1c, and it is formed by terminal valineglycation in
the haemoglobin β-chain. It represents the glycemic status of the patient over the previous 3
months. HbA1c is commonly used as a diabetes mellitus screening procedure, and HbA1c has
recently been approved by the American Diabetes Association as a diagnostic criterion for
diabetes mellitus A research conducted by Sinha et al. has explained its alteration in other
conditions, such as hemolytic anaemia, hemoglobinopathies, pregnancy, and vitamin B12
deficiency. While iron deficiency is the most common nutritional deficiency, there have been
contradictory reports on the clinical significance of iron deficiency at HbA1c levels. HbA1
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values were measured at 355 in a report conducted by Brooks etal.Before and after treatment
with iron, non-diabetic patients with iron deficiency anaemia. Elevated HbA1c values were
significantly observed in patients with iron deficiency anaemia and decreased levels after
treatment with iron.8
Hemoglobin A1c (HbA1c) is the gold standard for diabetes diagnosis, but the HbA1c level,
including anaemia, is affected by many clinical conditions. And, iron deficiency anaemia(IDA)
is among the most common causes of anaemia worldwide. Since these factors can lead to an
incorrect increase or decrease in HbA1c leading to misinterpretation of the disease condition, in
the diagnosis of DM and monitoring of long-term blood glucose levels in anaemia. Therefore,
the importance of the Hb value in serial HbA1c monitoring and the Hb cut-off value below
which HbA1c cannot be regarded as an important diagnosis.
There are currently up to 30 HbA1c measurement methods, which can be categorised into four
groups, including HPLC ion-exchange, HPLC affinity, immunoassay, and enzymatic methods.
No important difference in HbA1c measured with ion-exchange HPLC and two immunoassay
methods was found by Haliassos et al.Rai et al. found no significant effect of from the type of
method used to measure the HbA1c level.7
Ferritin: Serum ferritin can be normal or elevated, indicating iron reserves. This is a supply and
demand epidemic, not total body iron deficiency. In the sense of ESA-driven bone marrow
stimulation, the patient has quantities of iron in the body that may be common for a person who
is not anaemic and not an ESA, but the rate at which iron is released from stores and the rate at
which iron is supplied to the erythroid marrow by transferrin is insufficient to keep up with RBC
production.9
The authors assessed serum ferritin in the general population, patients with iron deficiency, and
individuals with iron overload to establish the relationship between serum ferritin levels and total
body iron stores. They showed that serum ferritin was increased in iron overload patients and
decreased in iron deficiency disease patients.10-11
Ferritin is a type of iron storage and represents the true iron status in anaemia of iron deficiency,
ferritin decreases with an increase in the life span of red cells, and increased life span of red cells
is correlated with increased HbA1c.6

1.
2.
3.
4.

MATERIAL AND METHODS:
Study Area
This study included 50 patients of iron deficiency anemia and 50 healthy subjects as the control
group. This is a cross-sectional investigation wherein cases were out-patients. Patients went to
the Directly Observed Treatment Short-course focus in the Dept. of General Medicine,
DattaMeghe Medical college, SMHRC, Nagpur in collaboration with JNMC, ABVRH
(DattaMeghe Institute of MedicalSciences Deemed To Be University), Sawangi, Wardha,
Maharashtra.
Inclusion Criteria :
1. Patients without diabetes.
2. Patient belonging to rural vidharbharegions area.
3. > 25 yrs. of age.
4. Giving consent for study.
Exclusion Criteria
Diabetic Patients were excluded from this study.
HIV Patients.
Tuberculosis patients.
Cancer Patients were excluded
Sample Collection :
Total 5 ml of venous blood was collected and distributed in EDTA and Plain vial for serum
under aseptic condition, the serum sample were used for the estimation of Ferritin and the EDTA
sample were used for the estimation of CBC and HbA1c.
Biochemical Analysis
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1.HbA1c was estimated by HPLC method 12. andEstimation of serum ferritin and insulin was
2.done by using automated Chemiluminescence Immunoassay system (CLIA).13
3.CBC were Performed on Beckman Coulter counter.
Results:
Table 1: Comparision of CBC in IDA Patients and Non-IDA Individuals
Parameters

IDA

NonIDA

P-Value

RBC

3.26 ± 0.76

4.88
0.42

±

P<0.0001

Hgb

8.96 ±1.84

15.2
2.1

±

P<0.0001

HCT

29.34 ± 5.87

49.19 ±
3.73

P<0.0001

MCV

86.5 ± 7.86

90.12 ±
4.68

P = 0.0062

MCH

28.69 ± 4.04

28.73 ±
1.44

P = 0.9476

MCHC

31.77 ± 2.19

32.75 ±
0.99

P = 0.0048

RDW

18.08 ± 3.44

13.32 ±
1.46

P<0.0001

Table 2:Comparision of HbA1c and Serum Ferritin Level in IDA Patients and Non-IDA
Individuals
Parameters

IDA

Non-IDA

PValue

HbA1c

6.81 ± 1.37

5.04 ± 1.21

P<
0.0001

S.Ferritin

12.26±4.71

92.04±8.65

P<
0.0001

Discussion :
HBA1c :Our results suggested that IDA was associated with higher concentrations of
HbA1c.The mean HbA1c of cases was 6.81 % while it was 5.04 % in healthy control.
Application of statistical test shows that the difference of HbA1c between case and control
group was statistically significant.
In the study conducted by Vishal Kalasker et al , the mean HbA1c of cases was 5.91±0.47 %
while it wasmean HbA1c of cases was 5.91±0.47 % while it was6.54±0.39 % in healthy control.
Application of statistical test shows that the difference of HbA1c between case and control group
was statistically control group. 14
In the study conducted by BalasubramanianShanthi et al , the mean HbA1c of cases was 7.6 ±
0.5 % while it was 5.5 ± 0.8 % in healthy control. Application of statistical test shows that the
difference of HbA1c between case and control group was statistically significant indicating
statistically higher HbA1c in cases group.15
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In the IDA group, the correlation between RBC, red cell indices and HbA1c was measured and
the outcome was not statistically significant. Similarly, a study conducted in India in 2014
showed no substantial correlation, but a significant borderline association was observed in IDA
diabetic patients between MCH and HbA1c (P = 0.05). Among the hematological parameters, the
mean difference between the two classes was statistically significant: RBC, Hgb, MCV, MCH.
This result is similar to a study conducted in India2016.
Iron deficient patients fall into three categories on the basis of haemoglobin: mild anaemia,
moderate anaemia and extreme anaemia. (28.7 percent) of patients had mild, (46 percent)
moderate and (25.3 percent) extreme anaemia, based on this classification. Extreme anemia was
seen in (76 percent) patients, and mild in (24 percent) patients, in a similar study done in India.
The current research revealed no significant association in IDA diabetic patients between sex,
age and HbA1c, which is in line with the related study conducted in In.16-17
Our results suggested that IDA was associated with decrease concentrations of serum
ferritin .The mean S.Ferritin of cases was12.26 % while it 92.04% in healthy control.
Application of statistical test shows that the difference of S.Ferritin between case and control
group was statistically significant.18-19
Ferritin: It is a type of iron storage, and it represents the true status of iron. Serum ferritin as
well as serum iron levels were indirectly proportional to HbA1C in our sample. As explained
earlier, ferritin is reduced in IDA with an improvement in the life span of red cells associated
with increased HbA1C. This goes hand in hand with other research findings from Shanthi B et
al., and Raj S et al.20
CONCLUSION:
In this study, we observed a positive association between IDA and elevated HbA1C level in non
diabetic population. HbA1C rises with severity of anaemia. In iron depletion, this spurious
elevation of HbA1C contributes to over or under diagnosis of diabetes at the cutoff point (6.5
percent). This research therefore emphasizes the absolute importance of removing IDA from iron
studies and correcting it before any diagnostic or therapeutic decision is taken based solely on
the level of HbA1C.
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