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Abstract

Background: Type 2 diabetes mellitus is commonly
associated with anaemia, and iron deficiency
anaemia may influence glycatedhaemoglobin
(HbAlc), which is widely used to assess long-term
glycaemic control.

Misinterpretation of HbAlc in the presence of
anaemia may affect clinical management.

Methods: This hospital-based cross-sectional study
included 100 patients with type 2 diabetes mellitus.
Clinical history, examination, haematological
parameters, iron profile, glycaemic indices, and
renal function tests were assessed. Patients were
categorized according to anaemia status, and
comparisons were made between anaemic and non-
anaemic  groups. Correlation analysis was
performed between HbAlc and haematological and
iron parameters.

Results: Anaemia was present in 50% of
participants. Iron deficiency anaemia was the most
common type of anaemia, followed by normocytic
anaemia. Patients with anaemia had significantly
lower haemoglobin, RBC count, and MCV, along
with lower ferritin, serum iron, and transferrin
saturation, and higher TIBC. Mean HbAlc was
significantly higher in patients with iron deficiency
anaemia and normocytic anaemia than in non-
anaemic participants. HbAlc showed significant
negative correlation with haemoglobin, ferritin,
serum iron, and transferrin saturation, and positive
correlation with TIBC.

Interpretation & conclusions: Iron deficiency
anaemia is common among patients with type 2
diabetes mellitus and is associated with significantly
higher HbAlc levels. Anaemia status should be
considered when interpreting HbAlc to avoid
misjudgment of glycaemic control.

Keywords: Anaemia, HbA lc, iron deficiency
anaemia, type 2 diabetes mellitus, glycaemic control

I. Introduction

Type 2 diabetes mellitus is a chronic
metabolic  disorder characterized by insulin
resistance and progressive beta-cell dysfunction,
leading to persistent hyperglycaemia. Over time,
this metabolic  disturbance contributes to
microvascular and macrovascular complications,
making diabetes a major public health concern. The
burden is particularly high in India, where the
number of people living with diabetes continues to
rise.

Anaemia is also common among patients
with diabetes, and its coexistence may worsen
clinical outcomes. Iron deficiency anaemia is
among the most frequent causes of anaemia and
may be more prevalent in diabetic individuals than
in the general population. Several mechanisms have
been proposed, including chronic inflammation,
renal dysfunction, altered erythropoietin
responsiveness, and nutritional deficiency.

HbAlc is the standard marker for long-
term glycaemic control and is widely used in the
diagnosis and monitoring of diabetes. However,
HbAlc may be influenced by conditions that alter
red cell turnover, including anaemia and iron
deficiency. In such situations, HbAlc may not
reflect true glycaemic status, potentially leading to
inappropriate treatment decisions.

Although the relationship between iron
deficiency anaemia and HbAlc has been studied,
the findings remain inconsistent across populations.
Some studies have reported increased HbAlc in
iron deficiency states, while others have shown little
or no effect. This variability makes it important to
assess the prevalence of anaemia in patients with
type 2 diabetes and its possible influence on HbAlc
in the local setting.

The present study was undertaken to
determine the frequency of anaemia among patients
with type 2 diabetes mellitus and to evaluate the
effect of iron deficiency anaemia on HbAlc levels
and to strengthen clinical awareness of this
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important yet often overlooked comorbidity
ultimately supporting more accurate assessment and
essertive management of diabetes.

Methods

Study design and setting

This was a hospital-based cross-sectional study
conducted at Rajarajeswari Medical College and
Hospital.

Study participants

The study included 100 patients with type 2 diabetes
mellitus. Patients were selected from the clinical
setting and evaluated after obtaining informed
consent.

Ethical approval

The study was approved by the Rajarajeswari
Medical College and Hospital Institutional Ethics
Committee (RRMCH-IEC/63/2024) dated
12.03.2024.

Data collection

A detailed clinical history was obtained, including
duration  of  diabetes, treatment  history,
comorbidities, and lifestyle factors. General and
systemic examinations were performed, and relevant
anthropometric and clinical parameters were
recorded.

Inclusion Criteria
e All patients diagnosed with T2DM
according to WHO diagnostic guidelines
e Both genders
e Age >30 years
e Inpatients and outpatients attending
Rajarajeswari  Medical College and
Hospital

Exclusion Criteria

e Patients who were unwilling to provide
consent

e Patients diagnosed with Type 1 diabetes
mellitus (TIDM) or gestational diabetes
(GDM)

e Patients already diagnosed with anemia and
currently receiving hematinic therapy

Laboratory investigations
The following investigations were carried out:
*  Complete haemogram.
*  Peripheral smear examination.
* Iron profile, including serum iron, ferritin,
TIBC, and transferrin saturation.
*  Glycaemic profile, including fasting blood
sugar, postprandial blood sugar, and HbAlc.
*  Renal function tests.

e Urine microalbumin assessment where
applicable.

Definitions

Anaemia was defined using standard WHO criteria.
Iron deficiency anaemia was identified using
haematological indices and iron profile parameters
consistent with iron deficiency.

Statistical analysis

The study population was divided into anaemic and
non-anaemic groups. Continuous variables were
compared between groups, and correlation analysis
was performed to determine the association of
HbAlc with haematological and iron parameters.
Statistical significance was considered at the
conventional level.

Results

Participant profile

The study included 100 patients with type 2 diabetes
mellitus. The population predominantly consisted of
middle-aged adults, with a slight male
predominance. Most participants had diabetes of
varying duration and were receiving standard
antidiabetic treatment.

Frequency of anaemia

Anaemia was present in 50 participants. Iron
deficiency anaemia was the most common subtype,
followed by normocytic anaemia.

Haematological findings

Patients with anaemia had significantly lower
haemoglobin, RBC count, and MCV compared with
nonanaemic participants. Peripheral smear findings
were consistent with the underlying anaemia pattern.
Iron profile

Anaemic patients had significantly lower ferritin,
serum iron, and transferrin saturation, along with
higher TIBC. These findings supported iron
deficiency as the predominant cause of anaemia in
the study group.

Glycaemic profile

Mean HbAlc values were significantly higher in
patients with iron deficiency anaemia and
normocytic anaemia compared with non-anaemic
participants. This suggests that anaemia may
influence interpretation of glycaemic control.
Correlation analysis

HbAlc showed a significant negative correlation
with haemoglobin, ferritin, serum iron, and
transferrin saturation. A positive correlation was
observed between HbAlc and TIBC. These
associations indicate that poorer iron status was
linked with higher HbAlc values.
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RESULTS

Pie chart 1Age distribution of study participants (n = 100)
Age Distributign of Study Participants (n = 100)

40-49
30%

50-59
28%

21%

60-69

The age distribution of the study participants shows that the majority belonged to the middle-aged and elderly
population. The highest proportion of participants was observed in the 40-59 years age group, accounting for

58% of the total population ,

Table 1. Gender distribution ibution of study participants (n = 100)

Gender Frequency Percentage
Male 55 55%

Female 45 45%
Total 100 100%

The gender distribution reveals a slight male predominance among the study participants. Males constituted
55% of the total sample, whereas females accounted for 45%.

Table 2. Duration of diabetes among study participants (n = 100)

Duration of diabetes (years) Frequency Percentage
<5 years 27 27%
6—10 years 49 49%
11-15 years 26 26%
>15 years 4 4%
Total 100 100%
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The duration of diabetes among participants indicates that nearly half of the individuals (49%) had been living
with diabetes for 6-10 years

Table 3. Treatment modality among study participants (n = 100)
Treatment Type Frequency Percentage
Oral hypoglycemic agents (OHA) 65 65%
Insulin 19 19%
Both (OHA + Insulin) 16 16%
Total 100 100%

The majority of participants (65%) were managed with oral hypoglycemic agents, indicating that most cases
were likely controlled without the need for insulin therapy.

Pie chart 2

Distribution of Comprkiditigs Among Study Participants (n = 100)
+ CKD

Hypertension

Hypertension was the most common comorbidity (43%), followed by CKD (13%), while
5% had both hypertension and CKD. 39% of participants had no comorbid conditions.

Table 4. Hematological parameters of study participants (n = 100)

Parameter Mean SD
Hemoglobin (g/dL) 12.34 1.96
RBC Count (million/uL) 4.41 0.68
MCYV (fL) 84.19 7.73

MCH (pg) 28.08 3.93
MCHC (g/dL) 32.92 1.10

The hematological parameters show that the mean hemoglobin level was 12.34 g/dL with a standard
deviation of 1.96, indicating that, on average, participants had values within or near the lower limit of normal.
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The mean RBC count was 4.41 million/pL, while red cell indices such as MCV, MCH, and MCHC were 84.19
fL, 28.08 pg, and 32.92 g/dL respectively.

Table 5. Iron profile of study participants (n = 100)

Parameter Mean SD
Ferritin (ng/mL) 94.19 71.13
Serum Iron (pg/dL) 81.93 27.78
TIBC (pg/dL) 349.71 61.34
Transferrin Saturation (%) 25.13 11.20

The iron profile indicates generally adequate iron stores in the study population, with a mean ferritin
level of 94.19 ng/mL and transferrin saturation of 25.13%. The mean serum iron was
81.93 pg/dL, and TIBC was 349.71 pg/dL.

Table 6. Glycemic profile of study participants (n = 100)

Parameter Mean SD
Fasting Blood Sugar (mg/dL) 142.67 21.81
Postprandial Blood Sugar (mg/dL) 203.33 24.29
HbAlc (%) 8.10 0.70

The glycemic profile reveals suboptimal glucose control among participants. The mean fasting blood sugar level
was 142.67 mg/dL and postprandial blood sugar was 203.33 mg/dL, both exceeding normal limits. The mean
HbAlc was 8.10%, indicating poor long-term glycemic control in the majority of patients

Table 7. Peripheral Smear Findings and Corresponding Anemia Status Among Study Participants (n =

100)
Peripheral Smear Finding Corresponding Anemia Status Frequency (n) Percentage (%)
Normal No anemia 50 50%
Microcytic Iron deficiency anemia (IDA) 37 37%
Normocytic Normocytic anemia 13 13%
Total — 100 100%
Inference

Half of the study participants (50%) had a normal peripheral smear with no evidence of anemia, whereas the
remaining 50% were anemic. Among the abnormal findings, microcytic morphology corresponding to iron
deficiency anemia (37%) was the most common, followed by normocytic anemia (13%), indicating that iron
deficiency anemia was the predominant type of anemia in the study population.

Table 8. Correlation of HbAlc with hematological and iron profile parameters

Parameter Pearson Correlation (r) p value
Hemoglobin (g/dL) -0.446 <0.001
Ferritin (ng/mL) -0.326 0.001
Serum Iron (pg/dL) -0.288 0.004
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TIBC (pg/dL)

0.264

0.008

Transferrin Saturation (%)

-0.279

0.005

HbAlc showed a moderate negative correlation with hemoglobin (r = -0.446, p < 0.001), indicating that
higher HbAlc levels were associated with lower hemoglobin values. HbAlc also demonstrated significant
negative correlations with ferritin, serum iron, and transferrin saturation, suggesting an association
between poorer glycemic control and reduced iron parameters.

Conversely, HbAlc showed a significant positive correlation with TIBC (r = 0.264, p = 0.008), indicating
that higher HbA 1c levels were associated with higher TIBC values.

Table 9. Mean HbA1c levels according to anemia status

Anemia status Mean HbAlc (%) SD
IDA 8.42 0.61
Normocytic anemia 8.39 0.62
No anemia 7.80 0.67
Total 8.10 0.70

ANOVA: F =11.337,p <0.001
Effect size: 12 =0.189
III. DISCUSSION

Type 2 diabetes mellitus (T2DM) is
frequently associated with anemia, which may
adversely affect patient outcomes and influence the
interpretation of HbAlc. Iron deficiency anemia
(IDA) is one of the most common hematological
abnormalities observed in diabetic patients and has
been reported to alter HbAlc values independent of
actual glycemic status. Therefore, understanding the
relationship between anemia and HbAlc is
clinically important for accurate assessment of
glycemic control.11

In the present study, the majority of
participants were middle-aged adults, with most
patients belonging to the 40—59 year age group and
a slight male predominance. Similar demographic
patterns have been reported by Elsheikh et al.3,
AlDallal and Jena6, and Solomon et al.ll.
Increasing age has been recognized as an important
risk factor for both diabetes and anemia.

Most participants had diabetes duration between 6—
10 years and were predominantly treated with oral
hypoglycemic agents. Long-standing diabetes is
associated with an increased risk of anemia through
mechanisms including chronic inflammation,
autonomic dysfunction, renal impairment, and
reduced erythropoietin responsiveness.13

Hypertension was the commonest comorbidity in
the present study, followed by chronic kidney
disease.

Obesity and lifestyle risk factors such as smoking
and alcohol consumption were also highly
prevalent. These findings are consistent with
previous reports demonstrating the close association
between T2DM, obesity, hypertension, and
cardiovascular risk factors.14

The mean hematological parameters observed in our
study were within near-normal limits; however, a
significant proportion of patients were anemic.
Hemoglobin, RBC count, and MCV were
significantly lower among anemic individuals,
indicating predominantly microcytic hypochromic
anemia. Similar findings have been reported by
Gulavani et al.7, Rajagopal et al.9, Chaudhari et
al.10, Shwetha et al.18, Hari Krishna et al.19, and
Srinath et al.8.

Assessment of iron status demonstrated significantly
lower ferritin, serum iron, and transferrin saturation,
with higher TIBC among anemic patients. Reduced
iron stores may result from inadequate dietary
intake, chronic inflammation, impaired absorption,
occult blood loss, or diabetic nephropathy.15

The overall prevalence of anemia in our study was
50%, with iron deficiency anemia accounting for
37% and normocytic anemia for 13%. These
findings emphasize that anemia is a common but
often underrecognized complication of T2DM.
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A major finding of the present study was the
significant association between anemia and HbAlc
levels. Mean HbAlc was significantly higher in
patients with iron deficiency anemia and normocytic
anemia compared with non-anemic individuals.
Similar observations have been reported by
Gulavani et al.4, Srinath et al.8, Rajagopal et al.9,
Chaudhari et al.10, Elsheikh et al 3, Shwetha et
al.18, and Hari Krishna et al.19.

Correlation analysis revealed a significant negative
association of HbAlc with hemoglobin, ferritin,
serum iron, and transferrin saturation, while TIBC
showed a positive correlation. These findings
indicate that worsening iron deficiency is associated
with higher HbAlc values.

Overall, the present study confirms that anemia,
particularly iron deficiency anemia, is highly
prevalent among patients with T2DM and is
associated with significantly elevated HbAlc levels.
Hematological status should therefore be considered
while interpreting HbAlc values.

IV.  Conclusion
Iron deficiency anaemia is common among
patients with type 2 diabetes mellitus and is
associated with significantly higher HbAlc levels.
Anaemia status should be considered when
interpreting HbAlc to avoid misjudgment of
glycaemic control.
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