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Abstract: 
Background: Iron deficiency anemia is the most common cause of anemia. Pregnancy is usually associated 
with anemia, and additionally in late pregnancy, iron deficiency anemia is seen which is caused by increase in 
iron demands. HbA1c is affected by several factors including pregnancy.  
Objective: To estimate HbA1C and serum ferritin levels and compare them among Iron deficient anemic 
pregnant women and normal pregnant women 
Methods: Comparative cross- sectional study was performed on 100 patients, among which 50 were Iron 
deficient Anemic (IDA) pregnant women and 50 were normal pregnant women, attending obstetrics OP, GGH, 
Ananthapuramu. Detailed history of patient, clinical examination was done. Laboratory   parameters estimated 
were HbA1c, serum ferritin, complete blood count, and fasting blood sugar. Pregnant women aged 18-35 years 
and those willing to give consent were included in the study. Pregnant women with a known H/o Diabetes, 
Hemoglobinopathy, Chronic liver and kidney disease were excluded from the study. 
Institutional ethical committee clearance was obtained. 
Results: In the current study mean±S.D levels of HbA1c was 4.54 ± 0.66 in control group, while in cases was 
6.21 ± 0.36. The difference was statistically significant (p value <0.05). In our study, among cases HbA1c 
inversely correlated with serum ferritin (r value -0.336 and p value <0.05). 
Conclusion: The present study concluded that the levels of HbA1c were increased significantly among patients 
with iron deficiency anaemia. So, Iron deficiency anaemia has to be kept in mind before taking into 
consideration HbA1c levels to diagnose diabetes mellitus. 
Keywords: Iron deficiency Anemia (IDA), HbA1c, Ferritin. 
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Introduction 
 

Anemia is a condition in which the number of red 
cells necessary to meet the body’s physiological 
requirements is insufficient. Iron deficiency anemia 
is due to the lack of sufficient iron to form normal 
red blood cells. It is the most common cause of 
anemia worldwide1 and also the most common 
anemia occurring during pregnancy. Pregnancy is 
usually associated with dilutional anemia, and 
additionally in late pregnancy, iron deficiency 
anemia is seen which is caused by increase in iron 
demands.  Diagnosis of iron deficiency anaemia 
(IDA) requires demonstration of low blood 
haemoglobin (Hb) in the presence of depleted iron 

stores. Serum ferritin is the most sensitive non-
invasive indicator of iron stores but its utility is 
compromised in inflammatory states as it is an 
acute phase reactant [2]. Ferritin is the storage form 
of iron, and it reflects the iron status accurately [3]. 
Serum ferritin levels in pregnant women are 
decreased due to hemodilution. Diagnosis of IDA 
in pregnant women is usually performed using the 
serum ferritin [4]. A ferritin concentration <15g/L 
in adults is diagnostic of iron deficiency. An 
elevated ferritin may reflect iron overload; 
however, ferritin is an acute phase protein, so may 
also be increased in liver disease, malignancy, 
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infection and inflammation [5]. Therefore, a normal 
ferritin concentration alone does not necessarily 
exclude iron deficiency. Diabetes mellitus is one of 
the most common diseases worldwide with 
significant morbidity and mortality. HbA1c 
remains one of the most important methods for 
diagnosis and monitoring of the disease. Since 
HbA1c is a reflection of the glucose attached to red 
blood cells, factors affecting hemoglobin and red 
blood cells’ half-life can influence HbA1c 
measurements. Glycated hemoglobin A1c (HbA1c) 
is a major part of HbA1 and comprises 
approximately 5% of the total hemoglobin non-
diabetic individuals. It provides a better estimate of 
average glycemic control than routine 
determinations of blood glucose concentration and 
is the most widely used index of chronic 
glycaemia. Currently, HbA1c is widely used for the 
target value of glycemic control or for diagnosis of 
diabetes mellitus, the gold standard indicator of 
glycemic control [6]. HbA1c is influenced by a 
variety of physical factors and it may not reflect 
glycemic control accurately. Such factors include 
shortened erythrocyte lifespan, such as by bleeding, 
hemolytic anemia, renal anemia, extended 
erythrocyte lifespan, such as by vitamin B12 
deficiency, or variant hemoglobin [7,8,9,10]. 
HbA1c is known to increase in late pregnancy 
[11,12]. It showed to be increased in iron 
deficiency anemia as compared to glycemia in 
patients [13]. Some authors have also found that on 
supplementation with iron therapy, there was a 
significant decrease in the levels of glycated 
hemoglobin. It has been suggested that the HbA1c 
level does not only reflect glycaemia, but also that 
it is sensitive to alterations in Hb concentration.  

Aim: To compare the HbA1C levels and serum 
ferritin levels among iron deficient anemic 
pregnant women and normal pregnant women. 

Objective:  

1. To estimate HbA1C levels and serum ferritin 
in iron deficient anemic pregnant women and 
normal pregnant women. 

2. To compare HbA1C levels and serum ferritin 
among iron deficient anemic pregnant women 
and normal pregnant women. 

Materials & Methods 

This study was conducted on 100 patients, among 
which 50 pregnant women with iron deficiency 
anemia were included as cases and other 50 normal 
pregnant women as control group, attending 
Obstetrics OP, GGH, and Ananthapuram. It was a 
comparative cross- sectional study. Institution 
ethical committee clearance was obtained. After 

fulfilling inclusion and exclusion criteria, an 
informed written consent was obtained from the 
patients. Medical and obstetrics history (age, parity, 
gestational age) was recorded for each participant 
using questionnaire. Weight and height were 
measured using the standard methods and Body 
Mass Index (BMI) was computed as kg/m2. 
Detailed history taking, clinical examination was 
done for both cases and controls. Biochemical 
examination was performed on HbA1c, serum 
ferritin and Fasting blood sugar. INCLUSION 
CRITERIA: Pregnant women aged 18-35 years and 
those who were willing to give consent were 
included in the study.  

Exclusion Criteria: Patients with a known H/o 
Diabetes, Hemoglobinopathy, Chronic liver 
disease, chronic kidney disease, Hyper 
bilirubinemia, Acute blood loss, Vitamin B12 and 
folic acid deficiency, anemia due to causes other 
than Iron Deficiency were excluded from the study. 

Sample Collection: Under sterile conditions, 5ml 
of venous blood sample was collected and 
aliquoted into a plain tube and EDTA tube for 
estimation of biochemical parameters and 
hemogram respectively. Biochemical parameters 
like, HbA1C and Fasting blood glucose were 
analysed in fully auto analyzer (AU 480- 
Beckmann Coulter). Serum ferritin levels were 
estimated on semi auto analyser using 
commercially available kits.  

Statistical Analysis: The descriptive data was 
presented in mean Standard deviation. The 
difference between two groups is tested using 
unpaired T-Test. Pearson correlation coefficient(r) 
was used to determine the association between 
ferritin and HbA1C levels. P-value of <0.05 was 
considered as statistically significant.  According to 
the World Health Organization (WHO), anemia is 
defined as hemoglobin (Hb) levels <12.0 g/dL in 
women. The normal range for ferritin in our blood 
serum is 24 to 307 ng/mL for adult females. 
Normal HbA1c is < 5.7%, levels between 5.7–6.4% 
are considered prediabetes, and a level of > 6.5% is 
diagnostic for diabetes. 

Results 

Our study included 50 iron deficient anemic 
pregnant women and 50 normal pregnant women. 
The mean age of IDA group was (25.66±5.01). The 
mean age of control group was (26.7±6.05) the 
mean of HbA1c in IDA group and control group 
were (6.21±0.36, 4.54±0.66) respectively. This 
result showed that there were significantly 
increased (p < 0.05) of HbA1c levels among IDA 
group compared to control group. 
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Figure 1: Comparison of various parameters among IDA cases and controls 

 
Table 1:  Mean±S.D values of various parameters among cases and controls 

Parameters Cases Controls P Value Significance (S)/(NS) 
Age 25.66±5.01 26.7±6.06 0.3515 NS 
Hemoglobin (gm/dL) 8.94±1.79 10.38±1.13 0.0001 S 
MCV (mg/dL) 75.66±10.32 87.71±13.06 0.0001 S 
Serum Ferritin (ng/mL) 16.23±7.23 75.19±24.24 0.0001 S 
HbA1C (%) 6.21±0.36 4.54±0.66 0.0001 S 
FBS (mg/dL) 96.94±11.42 102.04±17.38 0.0860 NS 
 

 
Figure 2: Correlation between Hba1c and Serum Ferritin among Cases: 

 
Table 2: r- value and P-value among cases: 

 r value P-value Significant 
HbA1C and Serum Ferritin -0.336 <0.05 Yes 
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Discussion 

HbA1c provides valuable information about the 
average blood glucose level of individuals over a 
period of three months. Besides blood glucose, 
HbA1c levels can be affected by conditions 
unrelated to diabetes like anaemia. The most 
frequent type of anaemia is iron deficiency 
anaemia. Iron deficiency is responsible for roughly 
half of all anaemia cases in India. Despite the 
lengthy life span of erythrocytes, the concentration 
of glycated haemoglobin has been found to be 
higher in anaemic patients.  

Our study included 50 iron deficient anaemic 
pregnant women and 50 normal pregnant women. 
In our study Mean ± S.D of age among IDA group 
was 25.66±5.01 (Table: No:1, Figure: No: 1). The 
mean age of control group was 26.7±6.05. The 
Mean ± S.D of HbA1c in IDA group and control 
group were 6.21±0.36 and 4.54±0.66 respectively 
(Table: No:1, Figure: No: 1) and p value was 
statistically significant. This is in accordance to the 
study of Coban and colleagues who reported that 
HbA1c showed high levels in patients with iron 
deficiency anemia [14]. Basil A. Alzahrani, et al 
study found a significant increase in HbA1c levels 
in iron deficiency anemia and sickle cell disease in 
patients not known to have diabetes [15]. Similarly, 
in a study conducted by Shanthi B et al [16] the 
mean HbA1c of cases were 7.6, compared to 5.5 in 
healthy controls. They hypothesized that serum 
iron and ferritin levels were inversely related to 
HbA1c levels, and that HbA1c levels tend to be 
higher in the presence of iron deficiency anemia. 
Christy et al [17]. Found that the mean HbA1c of 
cases was 6.87, while it was 5.65 in healthy 
controls. They hypothesized that serum iron and 
ferritin levels were related to higher HbA1c levels.  

According to some studies, there were no 
differences between HbA1c levels of anemia 
patients and controls.  Study done by El–Agouza L 
et al [18] showed that HbA1c level were higher in 
patients with iron deficiency anemia and decreased 
significantly upon treatment with iron. Recently 
Sinha et al showed that HbA1c levels and absolute 
HbA1c levels increased with treatment of iron 
deficiency anemia [19]. Rai and Pattabiraman [20] 
conducted a study to evaluate different methods 
used to analyze HbA1c and found no significant 
difference between them.  

However, in a study by Tarim et al. [21], the results 
were inconclusive with some subjects showing 
elevation in A1C, while some showed no elevation. 
In a study carried out by Hashimoto et al [22], 
HbA1C levels were elevated in pregnant diabetic 
women. In a report of the Japanese Society of 
Diabetes and Pregnancy [23], the authors reported 
that HbA1c tends to decrease during the first and 
second trimesters, followed by an increase during 

the last trimester of gestation, in an analysis of 136 
normal pregnant women. 

In our study, the Mean ± S.D of Hemoglobin 
among cases was 8.94±1.79 and among controls it 
was 10.38±1.13 (Table: No:1, Figure: No:1). The 
mean ± S.D of MCV in IDA and control group 
were 75.66±10.32 and 87.71±13.06 respectively 
and p- value was statistically significant (Table: 
No:1, Figure: No:1). This is in accordance with a 
study done by Nitin Sinha et al [18], saying that 
values of HbA1c decreasing with fall in 
haemoglobin values and increases with iron 
treatment. The reason given was the study 
population belongs to low socioeconomic status 
and cause of iron deficiency was nutritional 
deficiency rather than malabsorption and bleeding. 
However, no correlation was observed after 
correction of anemia by oral iron supplementation 
for three months. 

In our study, the Mean ± S.D of Serum Ferritin 
among IDA group and control group were 
16.23±7.23 and 75.19±24.24 respectively. P-value 
is <0.001 which is statistically significant. (Table: 
No:1, Figure: No:1). This is in accordance with a 
study done by Sharifi and Sazandeh [24], whose 
study did not find any significant correlation 
between HbA1c and ferritin in diabetic population. 

In our study, the r-value and p-value among IDA 
group were -0.336 and <0.05 respectively (Table: 
No: 2, Figure: No:2), which was statistically 
significant. This is in accordance with the study 
done by Koga.M et al [25], who demonstrated that 
HbA1C levels increase in late pregnancy and are 
inversely associated with serum transferrin 
saturation and serum ferritin. In a study done by 
Kalairajan et al [26].  

In 2019, showed that IDA leads to a decrease in 
HbA1c level with a subsequent rise in HbA1c level 
with its correction. This showed a positive 
correlation between Hb and HbA1c in IDA before 
treatment; In a study done by Raj and Rajan [27], 
ferritin showed positive correlation with HbA1c in 
diabetic individuals. Omar E Fadlelseed et al [28], 
study showed absence of any association between 
HbA1c and IDA. It seems that there is no previous 
study on this topic during pregnancy. Similarly, in 
a study done by Alap. L et al [29], did not show 
any significant correlation between hemoglobin 
and HbA1c. In their study, the author conveyed 
that, Iron deficiency anemia elevates HbA1c levels 
in diabetic individuals with controlled plasma 
glucose levels. The elevation is more in patients 
having plasma glucose levels between 100 to 126 
mg/dl and therefore, before altering the treatment 
regimen for diabetes, iron deficiency anemia 
should be kept in mind. Our study showed that 
there is a significant rise in HbA1C levels and 
decreased serum ferritin levels among Cases.  
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Conclusion 

According to the findings in our study, there was an 
inverse relationship between HbA1c and mean 
serum Ferritin levels, and this relationship was 
statistically significant (p0.05), i.e. mean serum 
ferritin decreases as HbA1c level increases. The 
present study concluded that the levels of HbA1c 
were increased significantly among patients with 
iron deficiency anaemia. So, Iron deficiency 
anaemia has to be kept in mind before using the 
HbA1c to diagnose diabetes. 
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