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ABSTRACT

Introduction: Hemoglobin A1C (HbALc) reflects patient’s glycemic status over the previous 3 months. Previous
studies have reported that iron deficiency may elevate A1C concentrations, independent of glycemia. This study is
aimed to analyze the effect of iron deficiency anemia on HbAlc levels in diabetic population having plasma
glucose levels in control. Methods: Totally, 120 diabetic, iron-deficient anemic individuals (70 females and 50
males) having controlled plasma glucose levels with same number of iron-sufficient non-anemic individuals were
streamlined for the study. Their data of HbAlc (Bio-Rad D-10 HPLC analyzer), ferritin (cobas e411 ECLIA
hormone analyzer), fasting plasma glucose (FPG, Roche Hitachi P800/917 chemistry analyzer), hemoglobin
(Beckman Coulter LH780), peripheral smear examination, red cell indices, and medical history were recorded.
Statistical analysis was carried out by student’s t-test, Chi-square test, and Pearson’s coefficient of regression.
Results: We found elevated HbAlc (6.8 + 1.4%) in iron-deficient individuals as compared to controls, and
elevation was more in women (7.02 = 1.58%). On further classification on the basis of FPG levels, A1C was
elevated more in group having fasting glucose levels between 100-126 mg/dl (7.33 + 1.55%) compared to the those
with normal plasma glucose levels (<100 mg/dl). No significant correlation was found between HbAlc and ferritin
and hemoglobin. Conclusion: This study found a positive correlation between iron deficiency anemia and
increased A1C levels, especially in the controlled diabetic women and individuals having FPG between 100-126
mg/dl. Hence, before altering the treatment regimen for diabetic patient, presence of iron deficiency anemia should
be considered. Iran. Biomed. J. 18 (2): 88-93, 2014
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INTRODUCTION

of malnutrition. Globally, 50% of anemia is

attributed to iron deficiency. Ferritin is the storage
form of iron, and it reflects the iron status accurately
[1]. An earlier study showed that reduced iron stores
have a link with increased glycation of hemoglobin
Al1C (HbAlc), leading to false-high values of HbAlc
in non-diabetic individuals [2]. HbAlc is the most
predominant fraction of HbA1, and it is formed by the
glycation of terminal valine at the p-chain of
hemoglobin [3]. It reflects the patient’s glycemic status
over previous 3 months. HbAlc is widely used as a
screening test for diabetes mellitus, and American
Diabetes Association has recently endorsed HbAlc >
6.5% as a diagnostic criterion for diabetes mellitus [4].
Its alteration in other conditions, such as hemolytic

I ron deficiency is one of the most prevalent forms

anemia, hemoglobinopathies, pregnancy, and vitamin
B12 deficiency has been explained in a study
conducted by Sinha et al. [5]. Although iron deficiency
is the most common nutritional deficiency, reports of
the clinical relevance of iron deficiency on HbAlc
levels have been inconsistent [2, 5].

In a study carried out by Brooks et al. [2], the HbAL
values were estimated in 35 non-diabetic patients with
iron deficiency anemia before and after treatment with
iron. They significantly observed elevated HbAlc
values in iron deficiency anemia patients and decreased
levels after treatment with iron [2]. Similar results were
also found in studies carried out by Gram-Hansen et al.
[6] and Coban et al. [7]. Investigations performed on
diabetic chronic kidney disease patients, and diabetic
pregnant women showed increased A1C levels in iron
deficiency anemia, which was reduced following iron
therapy [8, 9]. In a study by Tarim et al. [10], it was
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concluded that iron deficiency elevated the A1C levels
in diabetic patients when compared with iron-sufficient
controls matched for fasting plasma glucose (FPG)
levels.

HbAlc is widely used as an important marker of
glycemic control, and it is of utter importance to
exclude factors which could spuriously elevate its
levels. Hence, we conducted a study in iron-deficient
individuals with FPG levels below 126 mg/dl to assess
whether anemia has any effect on A1C levels, and
anemia can be considered before making any
therapeutic decisions based solely on HbAlc levels.

MATERIALS AND METHODS

Study population. We used the patients' data of
Kasturba Medical College Hospital (KMCH),
Ambedkar Circle (India) who consulted during January
2011 to August 2012. The study participants were
residents of south India mainly from in and around
Mangalore. We collected the data of 1023 diabetic
subjects >18 years who already had HbAlc, peripheral
smear, hemoglobin, mean corpuscular hemoglobin
(MCH), mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC), serum
ferritin, and plasma glucose levels. Of 1023 diabetic
subjects, 337 were diagnosed as having iron deficiency
anemia based on their hemoglobin, red cell indices, and
peripheral smear, and 157 patients were diabetic
having plasma glucose levels in control (FPG <126
mg/dl) since last 6 months. Also, out of 157 patients,
37 were excluded based on other exclusion criteria and
120 subjects (70 females and 50 males) were
considered for the study. Then, the patients were
divided into well-controlled (FPG <100 mg/dl) and
controlled (FPG 100-126 mg/dl) diabetics. Data of
HbAlc, peripheral smear, hemoglobin, mean
corpuscular hemoglobin (MCH), mean corpuscular
volume (MCV), mean corpuscular hemoglobin con-
centration (MCHC), serum ferritin, and plasma glucose
levels was also collected from the non-anemic controls
(matched for sex and plasma glucose levels) (Fig. 1).

The subjects with microcytic hypochromic peripheral
smear, low hemoglobin levels (<12 g% in males and
<11 g% in female), predominantly microcytic indices
(MCV <76 fL), and hypochromic indices (MCH <27
po/cell) were considered to have iron deficiency
anemia, which was confirmed by low serum ferritin
levels (<29 and <20 ng/ml in males and females,
respectively). Subjects having FPG >126 mg/dl or
random plasma glucose >200 mg/dl or 2-h postprandial
plasma glucose >200 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 filtration
rate were also excluded from the study.

Measurements. HbAlc was measured by HPLC
method using Bio-Rad D-10 analyzer. Method of
estimation and the analyzer used to perform HbAlc
analysis were the same throughout the study period.
Hemoglobin, MCV, MCH, and MCHC estimation was
carried out by Beckman Coulter LH780 automated
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 Roche Hitachi P800/917 analyzer.

Statistical analysis. Data was analyzed using 1BM
SPSS statistics 20. The data were presented as mean +
SD. A student’s t-test was applied for comparison of
group means. Pearson’s coefficient of correlation was
calculated to determine the correlation between the two
variables. Categorical data was analyzed by y? test.
Odds ratio and 95% confidence intervals were obtained
by the use of logistic regression analyses. P value less
than 0.05 was considered significant.

RESULTS

Subject characteristics. In 120 cases of this study,
mean HbA1c value was found to be 6.87 + 1.4%. The
baseline characteristics of the study subjects have been
shown in Table 1. The mean ferritin levels in male
and female cases were 14.88 + 8.62 and 8.92 + 5.72
ng/ml, respectively. Also, mean FPG concentration
was 99.66 + 14.73 mg/dl in total cases. Hemoglobin
levels in male and female cases were 9.54 + 1.4
and 9.37 £ 1.33 g/dl, respectively. The mean MCV was

1023 Diabetic

120 age, sex
S and FPG
Iron deficiency matched
anemia controls

180

Poorly
controlled
diabetes-
excluded

Controlled to well
controlled diabetes

157 |

37
Excluded

Fig. 1. Selection of cases and controls.
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Table 1. Baseline characteristics of the study subjects

Female (n=70) Male (n = 50) Total (n =120)
IDA NA IDA NA IDA NA
Age 54.65 + 12.98 54.66 + 12.02 56.6 £ 9.5 52.1 +£8.08 55.46 + 11.66 53.59 + 10.59
HbAlc 7.02 +1.58" 5.82 £0.53 6.67 +1.06" 5.59 +0.85 6.87 +1.4" 5.65 + 0.69

IDA, iron deficiency anemia; NA, no anemia; Values marked with star are statistically significant (P<0.05). As shown in the Table,
HbAlc is significantly high in iron-deficient individuals when compared to non-anemic subjects.

53.2 £ 8.16 fL and mean MCH was 17 + 3.7 pg/cell for
the all cases (both males and females).

Age, sex, and HbA1c levels. As shown in the Tables
1 and 2, HbAlc was significantly higher in females
and in subjects above 50 years of age compared to
males and subjects below 50 years of age (Fig. 2).
Based on Table 3, odds ratios for HbAlc above 6.5 in
age >50 years and in females were statistically non-
significant [0.857 (95% CI 0.458-1.604) and 0.690
(95% ClI 0.368-1.294), respectively].

Fasting glucose and HbAlc levels. Mean fasting
glucose levels in cases was found to be 99.66 + 14.73.
Subjects were divided into two groups according to
their FPG levels. The subjects who had very well-
controlled diabetes with normal fasting glucose (FPG
levels <100 mg/dl) had HbAlc of 6.43 + 1.07%, while
subjects who had FPG between 100-126 mg/dl had a
significantly higher mean A1C value of 7.33 + 1.55%
(Table 4, Fig. 3). Odds ratio for HbAlc >6.5% for
subjects with fasting glucose levels between 100-126
was 5 fold higher in females and 4 fold higher in total
population, but it was non-significant in males.

Hemoglobin, ferritin, and HbAlc. Mean hemo-
globin and ferritin levels for cases were found to be
9.44 + 1.36 and 11.41 + 7.63, respectively. Pearson’s
coefficient of correlation was statistically non-
significant for hemoglobin and HbAlc (r = 0.202, P =
0.064) as well as for HbAlc and ferritin (r = - 0.05, P =
0.295).

DISCUSSION
HbAlc is the most frequently occurring fraction of

hemoglobin Al. In the process of glycation, glucose in
the red cells reacts with N-terminal valine of both beta

chains to form an aldimine linkage which undergoes
rearrangement forming a more stable ketoamine link
[11, 12]. American Diabetes Association guidelines
have not only considered it as the primary target for
glycemic control but also included it as a diagnostic
criterion. Initially, it was believed that HbAlc was
only altered by glucose levels [13-15]; however,
certain studies have noted its elevation in conditions
other than diabetes, such as hemoglobinopathies,
chronic kidney diseases, pregnancy, and nutritional
anemias [2, 8, 9].

Iron deficiency anemia is one the most common
anemia amongst the nutritional anemias in India. Initial
studies conducted by Brooks et al. [2], Gram-Hansen
et al. [6], and Coban et al. [7] showed effects of iron
therapy on glycated hemoglobin and found a
significant reduction in HbAlc levels after iron therapy
in non-diabetic population [2, 6, 7]. According to the
explanation provided by Sluiter et al. [16], hemoglobin
glycation is an irreversible process. Hence, HbAl
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Fig. 2. Distribution of HbAlc (%) genderwise in subjects with
iron deficiency anemia and no anemia.

Table 2. Mean HbAlc (%) genderwise in subjects stratified in two groups based on their age

Female (n=70) Male (n = 50) Total (n=120)
IDA NA NA IDA NA
Age <50 6.78 +1.88 5,59 +0.51 6.54 +0.85" 5.48 + 0.67 6.71 +1.64" 5.53 +0.59
Age >50 7.16 + 1.37" 5.91 + 0.52 6.70 £ 1.12" 5.69 £ 0.94 6.94 £1.27* 5.77 £0.72

IDA, iron deficiency anemia; NA, no anemia; Values marked with star are statistically significant (P<0.05). As shown in the Table,
iron-deficient subjects older than 50 years have higher HbAlc levels when compared to non-anemic and younger subjects.
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Table 3. Logistic regression analysis for effect of sex, fasting plasma glucose (FPG), and age on HbA1c levels shown by odds ratio

(95% CI)
Female (A1C >6.5) Male (A1C >6.5) Total (A1C >6.5)
QOdds ratio 95% CI QOdds ratio 95% CI Odds ratio 95% CI
Female sex 0.690 0.368-1.294
PG 100-126 5.602" 1.923- 16.315 2.339 0.830-6.593 4.078" 1.919-8.665
Age >50 0.737 0.327-1.659 0.760 0.333-7.133 0.857 0.458-1.604

Values marked with star are statistically significant (P<0.05); CI, Confidence interval. As shown in the Table, patients with FPG levels
in pre-diabetes range have higher odds ratio for having HbAlc in diabetic range (>6.5%).

levels in erythrocyte will be increased with cell age. In
iron deficiency, red cell production decreases,
consequently an increased average age of circulating
red cells ultimately leads to elevated HbA1 levels [16].
According to some workers, the changes in HbAlc
levels were due to different laboratory methods used to
analyze it. Goldstein et al. [17] demonstrated that
HbAlc measured by HPLC was increased two hours
after a standard breakfast and incubating the red cell in
0.9% saline at 37°C for five hours eliminated this
increment [17], which was explained by presence of
labile HbAlc. This effect was eliminated by reagents
used in newer enzymatic kits. Rai and Pattabiraman
[18] conducted a study to evaluate different methods
used to analyze HbAlc and found no significant
difference between them [18]. However, in a study by
Tarim et al. [10], 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. [19], ALC levels were elevated in
pregnant diabetic women. Pregnancy is another
condition which can cause spurious A1C elevation.
Pregnancy is mostly associated with iron deficiency
anemia. The study showed that it was iron deficiency
anemia which caused elevated A1C, and not pregnancy
itself. Hence, Hashimoto and co-workers [19]
concluded that it should not be used as a marker of
glycemic control, especially in later half of pregnancy.
Similarly in a study conducted on chronic kidney
diseases patients with diabetes by Jen et al. [8], the
status of glycemic control could not be determined due
to presence of iron deficiency anemia [8]. Therefore,
iron deficiency anemia not only increases A1C levels
in non-diabetic individuals but also it can interfere with
its ability to determine glycemic status of diabetic
individuals.

Different studies have been carried out in both
diabetic and non-diabetic groups; however, its
distribution in well-controlled diabetics who are on
regular therapy is inadequately studied. Although
diabetes itself can elevate the A1C levels, it has been
proven that controlled plasma glucose levels for 3
months correlates very well with controlled HbAlc.
Hence, patients with controlled plasma glucose levels
are expected to have A1C below 6.5 % [4].

As shown in the results, there was a significant
elevation in A1C levels in iron-deficient anemic
individuals with FPG less than 126. Therefore, we
studied HbAlc distribution after dividing the
individuals into various groups according to their age,
sex, and plasma glucose levels.

In a study conducted by Davidson et al. [20], HbAlc
showed a very minor positive correlation with age [20].
This result can be explained by a study showing no
change in erythrocyte survival in aged people
compared to young people [21]. Our study showed a
higher mean value of A1C in people older than 50
years. However, the probabilities of higher A1C in
diabetics were statistically non-significant, and age did
not show any significant correlation with HbAlc.
Hence, our findings nullify the role of elderly age in
elevating A1C in iron-deficient individuals. Koga et al.
[22] found that red cell counts and A1C were
associated positively, while A1C and red cell indices as
well as hemoglobin were associated negatively in non-
diabetic premenopausal women. In addition, post
menopausal women did not show any significant
association [22]. This study shows higher levels of
Al1C in females both in pre and postmenopausal
groups, but the probability of having an A1C above 6.5
was low and statistically non-significant. A1C was
more in postmenopausal compared to premenopausal

Table 4. Mean HbAlc (%) genderwise in subjects stratified in two groups based on their fasting plasma glucose (FPG) levels

Female (n = 70) Male (n = 50) Total (n =120)
IDA NA IDA NA IDA NA
HbAlc in FPG <100 6.47 £1.19" 5.61 +0.58 6.36 + 0.88" 5.45 +0.67 6.43 +1.07" 5.46 £ 0.62
HbAlcin FPG 100-126  7.63+1.76" 5.96 + 0.46 6.95 +1.15" 5.83 £1.00 7.33 +1.55" 5.89 £0.75

IDA, iron deficiency anemia; NA, no anemia; Values marked with star are statistically significant (P<0.05).
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Fig. 3. HbAlc levels in patients having fasting plasma glucose (FPG) below 100 and between 100-126.

women. In a study by Dasgupta et al. [23], no
significant difference in HbAlc levels were noted in
postmenopausal and premenopausal  women
irrespective of anemia [23]. Our findings suggest that
anemia has a predominant role in elevating A1C in
postmenopausal compared to premenopausal women,
especially in the presence of diabetes even with
controlled plasma glucose levels. Elevated A1C levels
were also found in males, but again odds ratio was not
significant. Various studies have been carried out in
diabetic individuals to assess the reliability of A1C as a
prognostic marker and in non-diabetic individuals to
assess its reliability to diagnose diabetic mellitus [8,
10]. Diabetic patients who are on treatment are goaled
to bring their A1C levels up to 6%, as it correlates with
random plasma glucose levels of 126 mg/dl. This goal
is often not achieved and treatment regimen is often
changed [4]. Our observation showed that conditions
such as iron deficiency anemia can spuriously elevate
ALC levels; consequently care should be taken before
altering treatment regimen. Our observation also
showed significantly higher A1C levels in anemic
patients who had FPG between 100-126 mg/dl. As a
result, anemia may exaggerate the picture of glycemic
status in this group of patients. Our study showed mean
ALC of around 6.4% for the patients with FPG levels
<100 mg/dl which were higher than those of controls.
Thus iron deficiency anemia has role in elevating A1C
in both the groups.

Ferritin is a storage form of iron, and it reflects the
true iron status [1]. Hence, in this study, its correlation
with HbAlc was assessed, but no significant
correlation was found. As explained previously, in iron

deficiency anemia, ferritin is decreased with increase in
the red cell life span, and increased red cell life span is
associated with increased HbAlc. However, one of the
studies did not show any significant correlation of
serum ferritin levels and red cell life span [24],
indicating the lack of significant correlation between
ferritin and HbALc in our study. Various studies have
shown elevated ferritin in diabetic population, though
its mechanism is still debatable. In a study by Raj and
Rajan [25], ferritin showed positive correlation with
HbAlc in diabetic individuals. In addition, Canturk et
al. [26] found that serum ferritin was elevated as long
as glycemic status was not achieved, thus they found
normal ferritin levels in diabetic individuals. Sharifi
and Sazandeh [27] did not find any significant
correlation between HbAlc and ferritin in diabetic
population. We could not explain the lack of
correlation of serum ferritin levels with HbAlc in this
study. Our study did not show any significant
correlation between hemoglobin and HbAlc (r = 0.202,
P = 0.064). When correlation for red cell indices and
HbAlc in anemic subjects was studied, no significant
correlation was found between HbAlc and MCV (r = -
0.23, P = 0.06), and borderline significant association
was found between HbAlc and MCH (r = -0.58, P =
0.05). Although association of elevated A1C with
severity of iron deficiency anemia remains
unexplained, its borderline association with red cell
indices proves the role of erythrocyte morphology and
lifespan in elevating A1C.

Though we tried to collect as much data as possible
for inclusion and exclusion of subjects in our study,
some data might have been missed. We could not
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conclude any effect of BMI on HbALc levels due to the
lack of sufficient data. We could not get the follow up
data of patients after iron therapy, which might have
given a new dimension to our study.

Iron deficiency anemia elevates HbAlc 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. Hence,
before altering the treatment regimen for diabetes, iron
deficiency anemia should be considered.
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