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INTRODUCTION
Anaemia is one of the most under-diagnosed conditions and if left 
untreated, can have many serious implications such as cardiovascular 
disease and compromised immune functions. According to WHO 
estimates, India is one of the countries in the world that has highest 
prevalence of anaemia1. The bliss of motherhood thrives under the 
looming presence of anaemia in India.

Anaemia is a condition in which the number of red blood cells or their 
oxygen-carrying capacity is insufcient to meet physiologic needs, 
which vary by age, sex, altitude, smoking, and pregnancy status. 
Malaria, HIV/AIDS, hookworm infestation, schistosomiasis, and 
other infections such as tuberculosis are particularly important factors 
contributing to the high prevalence of anaemia in some areas. In 
developing countries every second pregnant woman and about 40% of 

1preschool children are estimated to be anaemic.

Iron deciency is the commonest nutritional deciency worldwide, 
affecting; 50% of the world population. The prevalence is higher in 
low- and middle income countries compared with high income 
countries, and women, children, and adolescents are the most 
susceptible. It is the only nutrient deciency which is also signicantly 
prevalent in industrialized countries. The numbers are staggering: 2 
billion people – over 30% of the world's population1 – are anaemic, 
many due to iron deciency, and in resource-poor areas, this is 
frequently exacerbated by infectious diseases. Iron Deciency 
Anaemia can cause reduced work capacity in adults and impact motor 
and mental development in children and adolescents. There is some 
evidence that iron deciency without anaemia affects cognition in 

2 adolescent girls and causes fatigue in adult women. Iron Deciency 
Anaemia may affect visual and auditory functioning and is weakly 
associated with poor cognitive development in children. Although the 
etiology of Iron Deciency Anaemia is multifaceted, it generally 
results when the iron demands by the body are not met by iron 
absorption, regardless of the reason. Individuals with Iron Deciency 
Anaemia have inadequate intake, impaired absorption or transport, 
physiologic losses associated with chronological or reproductive age, 
or chronic blood loss secondary to disease. In adults, Iron Deciency 
Anaemia can result in a wide variety of adverse outcomes including 
diminished work or exercise capacity, impaired thermoregulation, 
immune dysfunction, GI disturbances, and neurocognitive 

3impairment.

Haemoglobin A1c (HbA1c) is a glycated haemoglobin that can be used 

as an indicator of a patient's glycemic status over the previous 3 
4months.  According to the American Diabetes Association Guidelines 

published in 2007, HbA1c levels should be maintained below 7% in all 
diabetic patients in order to prevent the development of microvascular 

5 complications. HbA1c levels are not affected by blood glucose levels 
6a lone .  They  a re  a l so  a l te red  in  haemoly t ic  anemias ,  

7 8,9 10-12hemoglobinopathies,  acute and chronic blood loss,  pregnancy , 
13-15and uraemia .Vitamin B12, folate, and iron deciency anemias have 

also been shown to affect HbA1c levels. Conditions that affect 
erythrocyte turnover affect HbA1c concentrations. Although many 
forms of anaemia are associated with lowering of HbA1c, iron 
deciency tends to increase HbA1c. In addition to ambient glycemia, 
factors affecting erythrocyte life span affect HbA1c concentrations. 
For a comparable glycemic exposure, conditions that shorten 
erythrocyte life span reduce HbA1c concentrations (haemolytic 
anemias, infections, blood loss, hypersplenism, malaria, and 
pregnancy). On the other hand, prolongation of erythrocyte survival 
(iron deciency, splenectomy, aplastic anaemia, and certain 

16hemoglobinopathies) elevates HbA1c concentrations .Kidney and 
liver disease have complex effects on HbA1c concentrations. In 
addition, individual differences in erythrocyte permeability to glucose 
and intracellular concentrations of its metabolites have been shown to 

17,18inuence rate of glycation and could explain some of the variance . 
In addition to increasing erythrocyte survival, iron deciency could 
alter these parameters. It is also suggested that iron deciency may 
alter the quaternary structure of the haemoglobin molecule and 

19facilitate glycation of the b-globin chain . Finally, as yet un-
investigated genetic and environmental factors, which may inuence 
erythrocyte dynamics, including inammation, could also contribute 

20,21to the remaining variance. 

Studies showed that HbA1c levels were higher in patients with iron 
deciency anaemia and decreased signicantly upon treatment with 

16-18iron .The results of these studies are conicting, and the exact 
mechanism underlying the effects of iron deciency anaemia on 
HbA1c levels is not yet known. Since there is scarcity of similar studies 
conducted on the diabetic population, moreover in a setting where both 
the conditions i.e. T2 DM and Iron deciency anaemia are widely 
prevalent; this study was planned to investigate the effects of iron 
deciency anaemia on HbA1c levels in diabetic patients.

HbA1c is expected to be elevated in Diabetic individuals having Iron 
Deciency Anaemia with controlled plasma glucose level in 
comparison to controlled diabetic population; therefore creating 
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This case control study was done in the Department of Biochemistry, K.P.C. Medical College, Jadavpur, Kolkata. A total 
of 140 patients of more than 18 years were studied. All participants were controlled diabetic patients. 140 patients were 

divided into Case & Control group depending on presence of Iron Deciency Anaemia. Each group consists of 70 patients. A comprehensive 
history of Anaemia, Blood loss, duration of diabetes, familial disorders were taken from the selected patients.
This study showed that mean HbA1C was remarkably higher in cases than controls and found to be of statistical signicance (p<0.001). In both 
male and female participants mean HbA1C levels are higher in IDA patients than in non-IDA. Here, we signicantly demonstrated that iron 
deciency anemia not only increases A1C levels in controlled diabetic individuals but also it can interfere with its ability to determine glycemic 
status of diabetic individuals.In patients with iron deciency anaemia, negative correlation was found between haemoglobin and HbA1C but of 
no statistical signicance (r=-0.243,p=0.089). 
This nding shows no signicant linear association between haemoglobin & HbA1C. Though IDA had signicant linkage with elevation of 
HbA1C. However, Hb played no predominant role in elevating A1C. These two ndings are paradoxical.
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confusion regarding decision making for management of diabetes. 
Based on this hypothesis, the aim of the present study was to assess the 
inuence of Iron Deciency Anaemia on Haemoglobin A1C Levels in 
Diabetic Individuals with Controlled Plasma Glucose Levels.

We nd out the relation between Haemoglobin and HbA1c, whether 
Haemoglobin percentage is independent of HbA1c level in patients of 
Iron Deciency Anemia and to identify any association between 
HbA1c and Ferritin.

MATERIALS AND METHODS
This Case-control study was conducted at Hospital based K.P.C. 
Medical College & Hospital, Jadavpur, Kolkata from May 2017- April 
2018.

Sample size:
a) Case: Seventy (70) patients of Iron Deciency Anaemia (IDA) with 
controlled diabetes were taken.Adult patients of Iron Deciency 
Anemia with controlled diabetes irrespective of sex, nutritional status, 
socio-economic status & duration of diabetes as per ADA 2016 
Guideline.

b) Control: Seventy (70) patients of controlled diabetes without IDA 
were included in this study. Adult controlled Diabetic patients matched 
for Age, Sex and duration of diabetes

Inclusion criteria for cases:
1) Patients suffering from Iron Deciency Anemia having low 

hemoglobin levels (<12 g% in males and <11 g% in female), 
predominantly microcytic indices (MCV <76 fL), and 
hypochromic indices (MCH <27 pg/cell) and low serum ferritin 
levels (<29 and <20 ng/ml in males and females, respectively).

2)  Diabetic patients plasma glucose levels in control (FPG <126 
mg/dl) since last 3 months

Inclusion criteria for controls:
Diabetic patients plasma glucose levels in control (FPG <126 mg/dl) 
since last 3 months

Exclusion criteria for cases:
Patients with hemoglobinopathies, hemolytic anemia or other causes 
of anaemia

Exclusion criteria for both cases and controls:
1) Hypothyroidism
2) Pregnancy
3) Patients having abnormal renal function test (serum urea, 

creatinine, and estimated glomerular ltration rate)
4)  Severely ill or moribund patient
5) Those who did not give consent for the study

Study tools:
Ÿ  Pre-designed and pre-tested schedule for collecting relevant  

information
Ÿ  Existing medical records
Ÿ  Weighing machines, sphygmomanometer, measuring tape, 

stethoscope
Ÿ  Centrifuge machine
Ÿ  Auto analyser
Ÿ  Respective reagent kit
Ÿ  HPLC machine

Study techniques
Ÿ Interview for taking socio-demographic information and disease 

history
Ÿ Clinical examination
Ÿ Laboratory investigation
a) Biochemical investigation
b) Hematological investigation
Ÿ  Review of records

Statistical Methods
Continuous variables are expressed as Mean, Median and Standard 
Deviation and compared across groups using and Mann-Whitney U 
test/Kruskal Wallis Test as appropriate.

Association between Continuous variables are captured using 
Spearman's Rank correlation coefcient. The statistical software SPSS 

version 20 will be used for the analysis.
An alpha level of 5% has been taken, i.e. if any p value is less than 0.05 
it will be considered as signicant. The data were presented as mean ± 
SD. A student's t-test was applied for comparison of group means. 
Pearson's coefcient of correlation was calculated to determine the 
correlation between the two variables. Categorical data was analyzed 
by χ2 test.

RESULTS
Data of HbA1c, peripheral smear, haemoglobin, mean corpuscular 
haemoglobin (MCH), mean corpuscular volume (MCV), mean 
corpuscular haemoglobin concentration (MCHC), serum ferritin, and 
plasma glucose levels was also collected from the non-anemic controls 
(matched for sex and plasma glucose levels).

Selection of cases and controls
The subjects with microcytic hypochromic peripheral smear, low 
haemoglobin levels (<12 g% in males and <11 g% in female), 
predominantly microcytic indices (MCV <76 fL), and hypochromic 
indices (MCH <27 pg/cell) were considered to have iron deciency 
anemia, which was conrmed by low serum ferritin levels (<29 and 
<20 ng/ml in males and females, respectively). Subjects having FPG 
>126 mg/dl were excluded from the study. Patients with 
hemoglobinopathies, hemolytic anemia, hypothyroidism, pregnant 
patients, and patients having abnormal renal function test (serum urea, 
creatinine, and estimated glomerular ltration rate were also excluded 
from the study.

HbA1c was measured by HPLC method using Bio-Rad D-10 analyzer. 
Method of estimation and the analyzer used to perform HbA1c 
analysis were the same throughout the study period. Hemoglobin, 
MCV, MCH, and MCHC estimation was carried out by (Beckman 
Coulter) BC-5380 hematology cell counter, and serum ferritin 
estimation was performed by electrochemiluminescence method using 
Roche/ Hitachi Cobas e411 analyzer. Also, plasma glucose was 
estimated by glucose oxidase/peroxidase method using BS-390 
Biochemistry analyse r(Mindray Company).

Majority of the participants in total (37.1%) and also cases (40.0%) and 
controls (34.3%) aged between 51-55yrs; followed by 21.4% and 
25.7% of total participants and cases respectively in age group 46-
50yrs, and 22.9% of controls in 56-60yrs. None of the cases were 
below 46yrs and more than 65 yrs.

More than half of the selected patients were female. The sex 
distribution of cases and controls were same (57.1% females and 
42.9% males) as the participants were matched by sex.

The mean age of total participants, cases and controls were 54.5yrs, 
54.39yrs and 54.7yrs respectively. Females were more than male. 
Mean fasting plasma glucose values were 94.22 gm/dl, 95.81 gm/dl 
and 92.63 gm/dl. No signicant differences in age and Fasting Plasma 
Glucose levels between cases and controls were found; which 
establishes the adequacy of matching.

Mean Hb was signicantly lower in cases than controls. Hb value 
ranged between 8.8 to 10.5 for cases and between 12.5 to 15.5 for 
controls. The median values were 9.4 and 13.4 respectively.

Multiple bar diagram shows that for both cases and controls mean Hb 
levels were higher in male than in females. Mean Hb of males with iron 
deciency anaemia was 9.65gm/dl compared to 9.42 gm/dl in case of 
females with IDA. For non anemic individuals the mean Hb for males 
were 14.71gm/dl compared to 12.97 for females.

Mean MCV was signicantly lower in cases than controls. The 
observed values of MCV ranged between 59-79 for cases and between 
81-91 for controls. The median values were 70 and 85 respectively.

Multiple bar diagram compares the MCV levels in males and females 
for both cases and controls. Mean MCV levels were higher in females 
than in males for the patients with IDA however this picture was 
otherwise in case of controls. Mean MCV of females with iron 
deciency anaemia was 67.73 compared to 72.48 in case of males with 
IDA. For non anemic patients the mean MCV for males were 87.33 
compared to 83.95 for females.

Mean ferritin was signicantly lower in cases than controls. The 
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observed values ranged between 5-11 for cases and between 32-151 
for controls. The median values were 8 and 84 respectively.

For both cases and controls mean Ferritin levels were higher in male 
than in females. Mean Ferritin of males with iron deciency anaemia 
was 9.18ng/ml compared to 8.1ng/ml in case of females with IDA. For 
non anemic individuals the mean Ferritin for males were 82.2ng/ml 
compared to 81.97ng/ml for females.

The differences in mean values of serum iron levels in cases and 
controls. Mean serum iron was signicantly lower in cases than 
controls. The observed values ranged between 10-53 for cases and 
between 48-110 for controls. The median values were 22 and 69 
respectively.

For both cases and controls mean Serum Iron levels were higher in 
male than in females. Mean Serum Iron of males with iron deciency 
anaemia was 36.03mcg/dl compared to 18.33mcg/dl in case of females 
with IDA. For non anemic individuals the mean Serum Iron for males 
were 80.6mcg/dl compared to 62.33mcg/dl for females.

Mean TIBC was signicantly higher in cases than controls. The 
observed values ranged between 417-528 for cases and between 315-
379 for controls. The median values were 447 and 351 respectively. 
The direction of differences corroborated with other haematological 
parameters.

For both cases and controls mean TIBC levels were higher in male than 
in females. Mean TIBC of males with iron deciency anaemia was 
461.4mcg/dl compared to 451.15mcg/dl in case of females with IDA. 
For non anemic individuals the mean TIBC for males were 
352.27mcg/dl compared to 349.53mcg/dl for females.

Mean MCH was signicantly lower in cases than controls. The 
observed values were between 16 to 29 for cases and between 26 to 31 
for controls. The median values were 22 and 28 respectively. For both 
cases and controls mean MCH levels were higher in male than in 
females. Mean MCH of males with iron deciency anaemia was 
22.78pg/cell compared to 21.03pg/cell in case of females with IDA. 
For non anemic individuals the mean MCH for males were 28.3pg/cell 
compared to 27.83pg/cell for females.

Mean MCHC was signicantly lower in cases than controls. The 
observed values ranged between 21 to 29 for cases and between 33 to 
36 for controls. The median values were 25.5 and 34 respectively.

For both cases and controls mean MCHC levels were higher in male 
than in females. Mean MCHC of males with iron deciency anaemia 
was 27.33g/dl compared to 24.7g/dl in case of females with IDA. For 
non anemic individuals the mean MCHC for males were 34.73g/dl 
compared to 33.4g/dl for females. Mean RDW was signicantly lower 
in cases than controls. The observed values between 15 to 18 for cases 
and between 11 to 14 for controls. The median values were 16.8 and 
12.5 respectively.

For both cases and controls mean RDW levels were higher in female 
than in males. Mean RDW of females with iron deciency anaemia 
was 16.98% compared to 16.7% in case of males with IDA. For non 
anemic individuals the mean RDW for females were 12.58% 
compared to 12.7% for males.

Mean HbA1C was signicantly higher in cases than controls. The 
observed values between 6.61 to 8.16 for cases and between 5.40 to 
6.25 for controls. The median values were 7.21 and 5.87 respectively. 
This nding is also present when we stratify the data in genders, as 
shown in the following gure.

For both cases and controls mean HbA1C levels were higher in male 
than in females. Mean HbA1C of females with iron deciency anaemia 
was 7.42% compared to 6.97% in case of males with IDA. For non 
anemic individuals the mean HbA1C for females were 5.91% 
compared to 5.79 for males. In both male and female participants mean 
HbA1C levels are higher in IDA than non-IDA.

DISCUSSION
This was a comparative study done in the department of Biochemistry, 
KPC Medical College &Hospital, Jadavpur, Kolkata. In this study, 70 
patients having IRON deciency Anaemia with controlled diabetes 

mellitus were studied. 70 age and sex matched Non Iron deciency 
Anaemia with controlled Diabetes mellitus was also studied in 
controlled group.

In this study, patients above 18 years of age were included. Patients 
aged between 51-60 years were maximum in number (37.1%) 
combining both case & control groups. There was no signicant 
difference in age and gender between two group. Both groups were 
matched in terms of age and gender. Majority of the participants in case 
group (40.0%) and controls (34.3%) aged between 51-55yrs. None of 
the cases were below 46yrs and more than 65 yrs. The present study 
had female predominance among case. The male to female ratio [M : F] 
was 42.9 : 57.1. Pie diagram shows that more than half of the selected 
patients were female. The sex distribution of cases and controls were 
same (57.1% females and 42.9% males) as the participants were 
matched by sex. The mean ages of participants in case and control 
groups were 54.39 yrs and 54.7yrs respectively. Statistically non-
signicant correlation was found between case and control groups 
(p=0.736). Patients in both groups were age matched. Average ages of 
total participants were 54.5 years.

In this study, mean fasting plasma glucose values for case, control and 
combined were 95.81 mg/dl, 92.63 mg/dl and 94.22 mg/dl 
respectively. Fasting Plasma Glucose levels had no signicant 
association between cases and controls groups (p=0.082).

Our study shows mean Haemoglobin level was signicantly lower in 
case group compared to controls where p<0.001. Hb values were 
ranged between 8.8 g/dl to 10.5 g/dl for cases. In control group, 
Haemoglobin ranged from 12.5 g/dl to 15.5 g/dl. The median values 
for both case and control were 9.4 g/dl and 13.4 g/dl respectively. 
Combining both case and control groups, we observed that mean Hb 
levels were higher in males. Male patients with iron deciency 
anaemia had mean Hb value of 9.65gm/dl in contrast to female IDA 
patients, where we found mean Hb level of 9.42 gm/dl. Further, we 
found that in non anaemic individuals, mean Hb levels for males and 
females were 14.71 g/dl and 12.97g/dl respectively.

This study shows Mean MCV value was prominently lower in cases 
than controls. The correlation was found to be of statistical signicance 
(p<0.001). The observed values of MCV ranged between 59-79 fL for 
cases and 81-91 fL for controls. The median values were 70 fL and 85 
fL respectively. Mean MCV levels in IDA patients were higher in 
females compared to males. In case group, Mean MCV of males was 
67.73 fL and females was 72.48 fL. For non anemic patients the mean 
MCV for males and females were 87.33 and 83.95 respectively.

Statistically signicant association was found between Case and 
Control group in respect to MCH (p<0.001). The mean MCH values 
were reportedly lower in IDA patients compared to control group. The 
values of MCH varied between 16 to 29 pg/ml for cases and 26 to 31 
pg/ml for controls. The median values for case and control group were 
22 pg/ml and 28 pg/ml respectively. Our study shows that for both 
cases and controls mean MCH levels were higher in male than in 
females. Mean MCH of males with iron deciency anaemia was 
22.78pg/cell compared to 21.03pg/cell in case of females with IDA. 
For non anemic individuals the mean MCH for males were 28.3pg/cell 
compared to 27.83pg/cell for females

In this study, we assessed MCHC levels in patients of both groups. 
Statistically signicant association was found. Mean MCHC levels 
were comparatively lower in cases than controls (p<0.001). The 
MCHC values were ranged between 21 to 29 g/dl for cases and 33 to 36 
g/dl for controls. The median values were 25.5 g/dl and 34 g/dl for IDA 
& non – IDA group respectively. Our study shows that for both cases 
and controls mean MCHC levels were higher in male than in females. 
Mean MCHC of males with iron deciency anaemia was 27.33g/dl 
compared to 24.7g/dl in case of females with IDA. For non anemic 
individuals the mean MCHC for males were 34.73g/dl compared to 
33.4g/dl for females

Moreover, it was found that mean RDW was signicantly lower in 
cases than controls (p<0.001). The results varied from 15 to 18 % for 
IDA patients and 11 to 14 % in non IDA patients. The median values 
were 16.8% and 12.5% for case & control group respectively. Our 
study shows that for both cases and controls mean RDW levels were 
higher in female than in males. Mean RDW of females with iron 
deciency anaemia was 16.98% compared to 16.7% in case of males 
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with IDA. For non anaemic individuals the mean RDW for females 
were 12.58% compared to 12.7% for males

Here, we found that mean ferritin levels were markedly lower in cases 
than controls (p<0.001). The observed ferritin values ranged between 
5-11ng/ml for cases and between 32-151ng/ml for controls. The 
median values were 8ng/ml and 84ng/ml respectively. The 
aforementioned ndings conclude that there is statistically signicant 
correlation between ferritin & IDA. Our study shows that for both 
cases and controls mean Ferritin levels were higher in male than in 
females. Mean Ferritin of males with iron deciency anaemia was 
9.18ng/ml compared to 8.1ng/ml in case of females with IDA. For non 
anaemic individuals the mean Ferritin for males were 82.2ng/ml 
compared to 81.97ng/ml for females

We also observed that mean serum iron was signicantly lower in case 
group than controls (p<0.001). The values ranged between 10-53 
mcg/dl for cases and between 48-110 mcg/dl for controls. The median 
values of serum Iron were 22mcg/dl and 69mcg/dl for case and control 
group respectively. These nding suggest that in IDA, serum Iron 
levels markedly diminishes. Our study shows that for both cases and 
controls mean Serum Iron levels were higher in male than in females. 
Mean Serum Iron of males with iron deciency anaemia was 
36.03mcg/dl compared to 18.33mcg/dl in case of females with IDA. 
For non anaemic individuals the mean Serum Iron for males were 
80.6mcg/dl compared to 62.33mcg/dl for females

As per our study, mean TIBC was remarkably higher in IDA patients 
which is of statistical signicance where p<0.01). The values 
generated were of interval between 417-528 mcg/dl for cases and 315-
379 mcg/dl for controls. The median values were 447 mcg/dl and 351 
mcg/dl for IDA & non –IDA participants respectively. The direction of 
differences corroborated with other haematological parameters. Our 
study shows that for both cases and controls mean TIBC levels were 
higher in male than in females. Mean TIBC of males with iron 
deciency anaemia was 461.4mcg/dl compared to 451.15mcg/dl in 
case of females with IDA. For non anaemic individuals the mean TIBC 
for males were 352.27mcg/dl compared to 349.53mcg/dl for females
Mean HbA1C levels in our study were signicantly higher in IDA 
patients compared to control group (p<0.001). The recorded values 
varied between 6.61 to 8.16 for cases and 5.40 to 6.25 for non IDA 
patients. Similarly, median values were markedly higher in IDA 
patients. 7.21 and 5.87 were the HbA1C median values in case and 
control groups respectively. This nding is also present when we 
stratify the data in genders. Our study shows that for both cases and 
controls mean HbA1C levels were higher in male than in females. 
Mean HbA1C of females with iron deciency anaemia was 7.42% 
compared to 6.97% in case of males with IDA. For non-anaemic 
individuals the mean HbA1C for females were 5.91% compared to 
5.79 for males. In both male and female participants, mean HbA1C 
levels were higher in IDA. Therefore, iron deciency anaemia not only 
increases HbA1C levels in non-diabetic individuals but also it can 
interfere with its ability to determine glycaemic status of diabetic 
individuals.

Relation between haemoglobin and HbA1c:
Similarly, in our study Hb was negatively correlated with HbA1c, but 

22no signicant correlation was found(r=-0.243, p=0.089). Koga et al.  
found that HbA1C and haemoglobin were associated negatively in 
non-diabetic premenopausal women. In addition, post-menopausal 

22women did not show any signicant association . This study shows 
higher levels of A1C in females both in pre and postmenopausal 
groups, but the probability of having an A1C above 6.5 was low and 
statistically non-signicant. A1C was more in postmenopausal 

23compared to premenopausal women. In a study by Dasgupta et al. , no 
signicant difference in HbA1c levels were noted in postmenopausal 

23and premenopausal women irrespective of anemia . These ndings 
suggest that anaemia has a predominant role in elevating HbA1C. 
Observations of our study in context to relation between Hb & HbA1C 
were very much in concordance to other studies. Most of the authors 
found similar outcomes, where Hb has negative correlation with HbA1 
but, statistically non-signicant.

Correlation between HbA1c and Ferritin:
In patients with iron deciency anaemia, ferritin and HbA1C were 
found to be negatively correlated. Whereas in non-IDA patients, 
positive correlation was found in this study. However, none of the 

correlations were found to be statistically signicant(r=-
0.132,p=0.360). This study could not explain the lack of correlation of 
serum ferritin levels with HbA1c. As explained previously, in iron 
deciency anemia, ferritin is decreased with increase in the red cell life 
span, and increased red cell life span is associated with increased 
HbA1c. However, one of the studies did not show any signicant 

24correlation of serum ferritin levels and red cell life span , indicating 
the lack of signicant correlation between ferritin and HbA1c in our 
study. Various studies have shown elevated ferritin in diabetic 
population, though its mechanism is still debatable. In a study by Raj 

25and Rajan , ferritin showed positive correlation with HbA1c in 
26diabetic individuals. In addition, Canturk et al.  found that serum 

ferritin was elevated as long as glycemic status was not achieved, thus 
they found normal ferritin levels in diabetic individuals. Shari and 

27Sazandeh  did not nd any signicant correlation between HbA1c and 
ferritin in diabetic population. Our ndings are partially similar to 
other studies.

Effect of Iron Deficiency Anemia on HbA1c levels in Diabetic 
population having plasma glucose levels in control:
The effect of Iron deciency on HbA1C was found to be statistically 
signicance (p<0.001). There was marked difference in mean HbA1C 
levels between case (IDA) and control group (Non-IDA). Here, we 
observed that 84.3% of the IDA patients had HbA1c levels higher than 
the standard cut-off range (i.e. >6.5). However, none of the participants 
in control group i.e. patients without IDA had HbA1C values above 
standard cut-off. Initial studies conducted by Brooks et al. , Gram-
Hansen et al. , and Coban et al.  showed effects of iron therapy on 
glycated haemoglobin and found a signicant reduction in HbA1c 

28-31levels after iron therapy in non-diabetic population . According to 
32the explanation provided by Sluiter et al. , hemoglobin glycation is an 

irreversible process. Hence, HbA1 levels in erythrocyte will be 
increased with cell age. In iron deciency, red cell production 
decreases, consequently an increased average age of circulating red 
cells ultimately leads to elevated HbA1 levels. According to some 
workers, the changes in HbA1c levels were due to different laboratory 

33methods used to analyze it. Goldstein et al.  demonstrated that HbA1c 
measured by HPLC was increased two hours after a standard breakfast 
and incubating the red cell in 0.9% saline at 37°C for ve hours 

33eliminated this increment , which was explained by presence of labile 
HbA1c. This effect was eliminated by reagents used in newer 
enzymatic kits. Rai and Pattabiraman conducted a study to evaluate 
different methods used to analyze HbA1c and found no signicant 

34difference between them . However, in a study by one study, the 
results were inconclusive with some subjects showing elevation in 
A1C, while some showed no elevation. In a study carried out by 

35Hashimoto etal. ,A1C levels were elevated in pregnant diabetic 
women. Pregnancy is another condition which can cause spurious A1C 
elevation. Pregnancy is mostly associated with iron deciency anemia. 
The study showed that it was iron deciency anemia which caused 
elevated A1C, and not pregnancy itself. Hence, Hashimoto and co-

35workers  concluded that it should not be used as a marker of glycemic 
control, especially in later half of pregnancy. 

In our study, we found negative correlation between HbA1C with 
MCV ®= -0.155 p=0.283), Ferritin (r= -0.132 p=0.360), TIBC (r= -
0.072 p=0.621), MCH (r= -0.024 p=0.870), MCHC (r=-0.099 
p=0.494). None of the above parameters had statistically signicant 
relation with HbA1C. This study also found that, HbA1C had negative 
correlation but statistically signicant relationship with Iron (r=-0.294 
p=0.038). Positive correlation was found between HbA1C and RDW, 
though of no statistical signicance (r=0.111 p=0.442). However, 
positive correlation of statistical signicance was observed between 
HbA1C and Haemoglobin. Two previous studies demonstrated that a 

36,37correlation between HbA1c and Hb, MCV, and MCH levels exists.  
Starting from data of the National Health and Nutrition Examination 
Surveys, Ford et al. observed that among all participants HbA1c 
increased progressively. Using a linear regression analysis, the 
difference between adjusted mean concentrations of HbA1c among 
individuals with IDA (5.56%) and those without (5.46%) was only 
0.1% (p=0.095). Using a generalised linear model, a negative 
correlation between HbA1c and MCHC was observed. In addition, the 
correlation with MCV was also negative. More recently, in a 
retrospective study, Grossman et al. found that the correlation between 
HbA1c and Hb, haematocrit, and nutritional factor causing anaemia in 

38elderly subjects, was inconsistent.  Similar to our ndings, no 
statistical association was found between HbA1C & Haematological 
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indices like MCV, MCH & MCHC.

In patients with iron deciency anaemia, ferritin and HbA1C were 
found to be negatively correlated whereas in non-IDA patients these 
were positively correlated. However, none of the correlations were 
found to be statistically signicant(r=-0.132, p=0.360). This study 
could not explain the lack of correlation of serum ferritin levels with 
HbA1c. This study found statistical correlation between HbA1C and 
iron deciency anaemia patients. Most (84.3%) of the patients with 
iron deciency anaemia had HbA1C values higher than the standard 
cut-off.

CONCLUSION
While concluding, this study reinforces the observation that there is 
strong association between Iron deciencies with HbA1C. Before 
altering the treatment regimen for diabetes, iron deciency anemia 
should be considered. Therefore HbA1C cannot be the sole parameter 
for monitoring glycaemic status of a diabetic patient.

As our topic of study is socially sensitive, before validating the 
observations, this requires population based research rather than a 
hospital based study. Once veried, this can potentially improve the 
quality and standard of monitoring and management.

Table-1: Baseline Information And Biochemical Parameters

Table -2:  Correlation Between Hba1c And Different 
Haematological Parameters In Patients With Ida

Table 3: Association of HbA1C values with Iron deficiency status

REFERENCE
1. Birhanu Z, Chapleau GM, Ortolano SE, Mamo G, Martin SL, Dickin KL. Ethiopian 

women's perspectives on antenatal care and iron folic acid supplementation: Insights 

for translating global antenatal calcium guidelines into practice. Maternal & child 
nutrition. 2018 Feb;14:e12424.

2. Pasricha SR, Flecknoe-Brown SC, Allen KJ, Gibson PR, McMahon LP, Olynyk JK, 
Roger SD, Savoia HF, Tampi R, Thomson AR, Wood EM. Diagnosis and management of 
iron deciency anaemia: a clinical update. Med J Aust. 2010 Nov 1;193(9):525-32.

3. Uprichard WO, Uprichard J. Investigating microcytic anaemia. Bmj. 2013 Jun 
7;346:f3154.

4. Telen MJ, Kaufman RE. The mature erythrocyte. W: Wintrobe’s clinical hematology, 
wyd. 11, red.: JP Greer, J. Forester i in., Williams and Wilkins.

5 .American Diabetes Association. Position statement: Standards of medical care in 
diabetes-2007. Diabetes Care 2007;30 S1:S9.

6. Horton BF, Huisman TH. Studies on the heterogeneity of haemoglobin. VII. Minor 
haemoglobin components in haematological diseases. British journal of haematology. 
1965 May;11(3):296-304.

7. Eberentz-Lhomme C, Ducrocq R, Intrator S, Elion J, Nunez E, Assan R. 
Haemoglobinopathies: a pitfall in the assessment of glycosylated haemoglobin by ion-
exchange chromatography. Diabetologia. 1984 Dec 1;27(6):596-8.

8. Bernstein RE. Glycosylated hemoglobins: hematologic considerations determine which 
assay for glycohemoglobin is advisable. Clinical chemistry. 1980 Jan 1;26(1):174-5.

9. Starkman HS, Wacks M, Soeldner JS, Kim A. Effect of acute blood loss on glycosylated 
hemoglobin determinations in normal subjects. Diabetes care. 1983 May 1;6(3):291-4.

10. Lind T, Cheyne GA. Effect of normal pregnancy upon the glycosylated haemoglobins. 
BJOG: An International Journal of Obstetrics & Gynaecology. 1979 Mar;86(3):210-3.

11. Hanson U, Hagenfeldt L, Hagenfeldt K. Glycosylated hemoglobins in normal 
pregnancy: sequential changes and relation to birth weight. Obstetrics and gynecology. 
1983 Dec;62(6):741-4.

12. Phelps RL, Honig GR, Green D, Metzger BE, Frederiksen MC, Freinkel N. Biphasic 
changes in hemoglobin A1c concentrations during normal human pregnancy. American 
Journal of Obstetrics & Gynecology. 1983 Nov 15;147(6):651-3.

13. De Boer MJ, Miedema K, Casparie AF. Glycosylated haemoglobin in renal failure. 
Diabetologia. 1980 Jun 1;18(6):437-40.

14. Flückiger R, Harmon W, Meier W, Loo S, Gabbay KH. Hemoglobin carbamylation in 
uremia. New England Journal of Medicine. 1981 Apr 2;304(14):823-7.

15. Paisey R, Banks R, Holton R, Young K, Hopton M, White D, Hartog M. Glycosylated 
haemoglobin in uraemia. Diabetic medicine. 1986 Sep 10;3(5):445-8.

16. El Agouza I, Abu Shahla A, Sirdah M. The effect of iron deciency anaemia on the 

levels of haemoglobin subtypes: possible consequences for clinical diagnosis. Clinical 
& laboratory haematology. 2002 Oct;24(5):285-9.

17. Coban E, Ozdogan M, Timuragaoglu A. Effect of iron deciency anemia on the levels of 
hemoglobin A1c in nondiabetic patients. Acta haematologica. 2004;112(3):126-8.

18. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates 
for the year 2000 and projections for 2030. Diabetes care. 2004 May 1;27(5):1047-53.

19. Brooks AP, Metcalfe J, Day JL, Edwards MS. Iron deciency and glycosylated 
haemoglobin A1. Lancet. 1980(8186).

20. Sluiter WJ, Van Essen LH, Reitsma WD, Doorenbos H. Glycosylated haemoglobin and 
iron deciency. The Lancet. 1980 Sep 6;316(8193):531-2.

21. Mitchell TR, Anderson D, Shepperd J. Iron deciency, haemochromatosis, and 
glycosylated haemoglobin. Lancet 1980;2:747.

22. van Heyningen C, Dalton RG. Glycosylated haemoglobin in iron-deciency anaemia. 
Lancet 1985;1:874.

23. Gram-Hansen P, Eriksen J, Mourits-Andersen T, Olesen L. Glycosylated haemoglobin 
(HbA1c) in iron- and vitamin B12 deciency. J Intern Med 1990;227:135–136.

24. Rai KB, Pattabiraman TN. Glycosylated haemoglobin levels in iron deciency anaemia. 
Indian J Med Res 1986;83:235–236.

25. El-Agouza I, Abu Shohla A, Sirdah M. The effect of iron deciency anaemia on the 
levels of haemoglobin subtypes: possible consequences for clinical diagnosis. Clin Lab 
Haematol 2002;24:288–289.

26. Coban E, Ozdogan M, Timuragaoglu A. Effect of iron deciency anemia on the levels of 
hemoglobin A1c in nondiabetic patients. Acta haematologica. 2004;112(3):126-8.

27. International Expert Committee. International Expert Committee report on the role of 
the A1C assay in the diagnosis of diabetes. Diabetes care. 2009 Jul 1;32(7):1327-34.

28. 164. Brooks AP, Metcalfe J, Day JL, Edwards MS. Iron deciency and glycosylated 
haemoglobin A1. Lancet. 1980(8186).

29. Standards of Medical Care in Diabetes—2011. Diabetes Care. 2011;34(1):S13.
30. Gram Hansen P, Eriksen J, Mourits Andersen T, Olesen L. Glycosylated haemoglobin 

(HbA1c) in iron and vitamin B12 deciency. Journal of internal medicine. 1990 

Feb;227(2):133-6.
31. Son JI, et al. Hemoglobin A1c may be an inadequate diagnostic tool for diabetes mellitus 

in anemic subjects. Diabetes Metab J 2013;37(5):343–8.
32. Sluiter WJ, Van Essen LH, Reitsma WD, Doorenbos H. Glycosylated haemoglobin and 

iron deciency. The Lancet. 1980 Sep 6;316(8193):531-2.
33. Goldstein DE, Peth SB, England JD, Hess RL, Da Costa J. Effects of acute changes in 

blood glucose on HbA1c. Diabetes. 1980 Aug 1;29(8):623-8.
34. Rai KB, Pattabiraman TN. Glycosylated haemoglobin levels in iron deciency anaemia. 

The Indian journal of medical research. 1986 Feb;83:234.
35. Hashimoto K, Noguchi S, Morimoto Y, Hamada S, Wasada K, Imai S, Murata Y, 

Kasayama S, Koga M. A1C but not serum glycated albumin is elevated in late pregnancy 
owing to iron deciency. Diabetes care. 2008 Oct 1;31(10):1945-8.

36. Koga M, Morita S, Saito H, Mukai M, Kasayama S. Association of erythrocyte indices 
with glycated haemoglobin in pre menopausal women. Diabetic medicine. 2007 

Aug;24(8):843-7.
37. Hardikar PS, Joshi SM, Bhat DS, Raut DA, Katre PA, Lubree HG, Jere A, Pandit AN, 

Variables Total
[n=140]

Cases
(IDA)
[n=70]

Controls
(Non-IDA)

[n=70]

Signicance

Age (years)
[mean (SD)]

54.54(5.49)54.39 (4.8) 54.70 (6.1) 0.736a

Sex
[No. (%)]

Male 60 (42.9) 30 (42.9) 30 (42.9) NA

Female 80 (57.1) 40 (57.1) 40 (57.1)
FPG (mg/dl)
[mean (SD)]

94.22
(10.84)

95.81
(11.4)

92.63
(10.06)

0.082a

Haemoglobin 
(gm/dl)

Mean (SD)

9.52
(0.52)

13.72 
(0.97)

<0.001*

MCV
Mean (SD)

70.44
(5.6)

85.4
(2.96)

<0.001*

Ferritin
Mean (SD)

8.88
(1.77)

83.76 (28.3) <0.001*

Iron
Mean (SD)

25.9
(12.76)

70.16 
(19.26)

<0.001*

TIBC
Mean (SD)

455.54 
(29.62)

350.7 
(14.18)

<0.01*

MCH
Mean (SD)

22.14
(3.12)

28.91 
(2.81)

<0.001*

MCHC
Mean (SD)

26.09
(3.6)

34.69 
(1.59)

<0.001*

RDW
Mean (SD)

16.43
(1.81)

12.94 
(1.18)

<0.001*

HbA1C %
Mean (SD)

7.33
(0.86)

5.9
(0.34)

<0.001*

Hba1c

Hb Correlation Coefcient -0.243
p Value 0.089

MCV Correlation Coefcient -0.155
p Value 0.283

FPG Correlation Coefcient 0.941
p Value <0.001

FERRITIN Correlation Coefcient -0.132
p Value 0.360

IRON Correlation Coefcient -0.294
p Value 0.038

TIBC Correlation Coefcient -0.072
p Value 0.621

MCH Correlation Coefcient 0.024
p Value 0.870

MCHC Correlation Coefcient -0.099
p Value 0.494

RDW Correlation Coefcient 0.111
p Value 0.442

Iron 
deciency

HbA1C values p-value

status

High (>6.5%) Normal (≤ 6.5%) Total <0.001*

Cases 
(IDA)

32 (45.71%) 38 (54.29%) 70 (100.0%)

Controls
(Non-IDA)

0 (0.0%) 70 (100.0%) 70 (100.0%)

Total 32 (22.86%) 108 (77.14%) 140 (100.0%)

74  INDIAN JOURNAL OF APPLIED RESEARCH

Volume-9 | Issue-2 | February-2019 | PRINT ISSN - 2249-555X



Fall CH, Yajnik CS. Spuriously high prevalence of prediabetes diagnosed by HbA1c in 
young Indians partly explained by hematological factors and iron deciency anemia. 
Diabetes Care. 2012 Feb 6:DC_111321.

38. Grossman A, Gafter-Gvili A, Schmilovitz-Weiss H, Koren-Morag N, Beloosesky Y, 
Weiss A. Association of glycated hemoglobin with hemoglobin levels in elderly 
nondiabetic subjects. European journal of internal medicine. 2016 Dec 1;36:32-5.

 INDIAN JOURNAL OF APPLIED RESEARCH 75

Volume-9 | Issue-2 | February-2019 | PRINT ISSN - 2249-555X


