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ABSTRACT

Objective: The objective of the study was to analyze Mentzer index in pediatric patients presenting with microcytic anemia.

Methods: This was a cross-sectional study conducted in the Department of Physiology of a tertiary care medical institute. One hundred and twenty
children below the age of 12 years and having microcytic hypochromic anemia were included in this study on the basis of predefined criteria. Mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), MCH concentration (MCHC), and Mentzer index were analyzed from complete
blood count reports. Those with a Mentzer index more than 13 were advised further workup to rule out possibility of thalassemia. SPSS 22.0 software
was used for statistical analysis and p<0.05 was taken as statistically significant.

Results: Out of 120 studied cases, there were 71 (59.17%) boys and 49 (40.83%) girls. There was a male predominance among the studied cases with
M: F ratio being 1:0.69. The mean age of boys (8.12+3.13) and girls (7.82+2.98) was found to be comparable with no statistically significant difference.
Fatigue was the most common complaint, with 52 boys (73.24%) and 36 girls (73.47%) reporting it. Pallor was observed in 51 boys (71.83%) and 35
girls (71.43%). MCV, MCH, and MCHC values were comparable in boys and girls whereas red cell distribution width was higher in girls as compared
to boys and the difference was statistically significant (p=0.02). Most of the patients (92.5%) had a Mentzer index of more than 13; however, 7.5% of
cases were found to have a Mentzer index below 13. Patients with a Mentzer index <13 were advised further investigations to rule out other causes of
microcytic hypochromic anemia including beta-thalassemia.

Conclusion: The Mentzer index provides a simple and effective tool for differentiating between iron deficiency anemia and thalassemia, especially in
resource-limited settings, enhancing diagnostic accuracy and improving patient outcomes.
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INTRODUCTION

Anemia is defined as a condition characterized by a deficiency in the
number of red blood cells (RBC) or their hemoglobin (Hb) content,
leading to a reduced oxygen-carrying capacity of the blood. This
deficiency results in various physiological impairments depending on
the severity and duration of anemia [1]. Anemia is a significant public
health issue worldwide, particularly affecting children and pregnant
women. In pediatric populations, anemia is especially concerning due
to its potential impact on growth, cognitive development, and overall
health. The World Health Organization (WHO) sets Hb thresholds for
diagnosing anemia, which varies by age, sex, and physiological status,
such as pregnancy [2].

Anemia is particularly common in the pediatric age group for
several reasons. During periods of rapid growth, such as infancy
and adolescence, the body’s demand for iron and other nutrients
essential for Hb production increases substantially. Infants and young
children are especially vulnerable due to their high iron requirements
for growth and development [3]. In many low- and middle-income
countries, dietary deficiencies are prevalent, leading to inadequate
intake of iron, Vitamin B12, folate, and other micronutrients
essential for hematopoiesis. Furthermore, infections, both acute and
chronic, contribute significantly to the high prevalence of anemia in
children. Infections can lead to anemia through various mechanisms,
including direct destruction of RBCs, increased blood loss, and
chronic inflammation, which can interfere with iron metabolism and
erythropoiesis [4].

Morphological classification of anemia provides critical clues to
its etiology and guides further diagnostic evaluation. The primary
morphological types of anemia are microcytic hypochromic anemia,
normocytic normochromic anemia, and macrocytic anemia. Microcytic
hypochromic anemia is characterized by smaller-than-normal
and paler RBCs, often indicative of iron deficiency or thalassemia.
Normocytic normochromic anemia, where RBCs are of normal size and
color but reduced in number, is commonly seen in chronic diseases,
acute blood loss, and hemolysis. Macrocytic anemia, marked by larger-
than-normal RBCs, typically results from deficiencies in Vitamin B12
or folate [5].

Microcytic hypochromic anemia is particularly prevalent in pediatric
populations. The most common causes of microcytic hypochromic
anemia in children are iron deficiency and thalassemia [6]. The
pathophysiology of microcytic hypochromic anemia involves several
mechanisms. In iron deficiency anemia (IDA), the lack of iron leads to
impaired Hb synthesis, resulting in the production of smaller and paler
RBCs. Iron is a crucial component of Hb, and its deficiency disrupts
the normal process of erythropoiesis, leading to the production of
microcytic and hypochromic erythrocytes. In thalassemia, genetic
mutations result in the defective production of globin chains, which
are essential components of the Hb molecule. This defect leads
to ineffective erythropoiesis, increased destruction of erythroid
precursors in the bone marrow, and the production of microcytic
hypochromic RBCs [7].

Two common causes of microcytic hypochromic anemia in children,
IDA, and Dbeta-thalassemia, have distinct pathophysiological
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mechanisms and clinical implications. IDA results from insufficient
iron to meet the demands of Hb synthesis. This can be due to
inadequate dietary intake, malabsorption, or chronic blood loss [8].
In children, iron deficiency can lead to impaired cognitive and motor
development, increased susceptibility to infections, and overall
growth retardation. Thalassemia, a hereditary hemoglobinopathy,
results in the reduced or absent synthesis of one or more of the
globin chains that constitute Hb. Depending on the type and severity
of the mutation, thalassemia can range from mild, asymptomatic
carriers to severe forms requiring regular blood transfusions and
extensive medical care. While iron supplementation is necessary in
the treatment of IDA, its administration in thalassemia can lead to
dangerous iron overload [9].

The Mentzer index, calculated as the mean corpuscular volume
(MCV) divided by the RBC count, is a valuable tool in differentiating
between IDA and thalassemia in children presenting with microcytic
hypochromic anemia. A Mentzer index >13 suggests IDA, while a
value <13 is indicative of thalassemia. This index is particularly useful
in clinical settings where advanced diagnostic facilities may not be
readily available, providing a simple yet effective means to guide initial
diagnostic and therapeutic decisions [10].

Despite the widespread use of the Mentzer index and its established
role in the differential diagnosis of microcytic hypochromic anemia,
there remains a significant knowledge gap regarding its sensitivity
and specificity across diverse pediatric populations. We undertook
this study to analyze the Mentzer index in children presenting with
microcytic hypochromic anemia.

METHODS

This was a cross-sectional study conducted in the department of
physiology of a tertiary care peripheral*medical college situated in a
state of eastern India. One hundred and twenty patients with microcytic
hypochromic anemia were included in this study on the basis of
predefined inclusion and exclusion criteria. The duration of the study
was 1 year. Sample size was calculated on the basis of pilot studies done
on the topic of pathophysiology and etiological causes of microcytic
anemia. Keeping power (1-Beta error) at 80% and confidence interval
(1-Alpha error) at 95%, the minimum sample size required was
105 patients; therefore, we included 120 cases having microcytic
hypochromic anemia in our study.

The detailed history including dietary history was obtained from
parents or guardians of cases. Presenting complaints were also
asked for and noted. Complete blood count reports of the patients
were analyzed. As the first step, severity of anemia was determined.
Anemia was diagnosed based on the WHO criteria [11]. Specifically,
children with a Hb level below 12 g/dL were considered anemic.
Severe anemia was identified with an Hb level below 7 g/dL,
moderate anemia with Hb levels between 7 g/dL and 9.9 g/dL, and
mild anemia with Hb levels from 10 g/dL to 11.9 g/dL. The Mentzer
index was calculated in all cases by dividing the MCV in femtoliters
by the RBC count in millions per microliter, using data from complete
blood count reports. Following the initial diagnosis of anemia and
calculation of the Mentzer index, a detailed analysis of the peripheral
blood smear was conducted for all patients. The peripheral smears
were examined for RBC size, shape, and color, focusing particularly
on identifying features indicative of microcytic hypochromic anemia.
Only patients with microcytic hypochromic anemia were included in
the study.

Statistical analysis was performed using SPSS version 22.0 software.
Quantitative data were expressed as mean and standard deviation,
while qualitative data were represented using incidence and percentage
tables. For the analysis of quantitative data, an unpaired t-test was
utilized, and the Chi-square test was applied to qualitative data. p<0.05
was considered statistically significant.
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Inclusion criteria

The following criteria were included in the study:

1. Children having microcytic hypochromic anemia on peripheral smear
2. Age<12years

3. Guardians ready to give informed consent to be part of the study.

Exclusion criteria

The following criteria were excluded from the study:

1. Ageabove 12 years

2. Refusal to give informed and written consent to be part of the study
by guardians

3. Patients with comorbid hematological conditions such as leukemia,
lymphoma, multiple myeloma, and aplastic anemia

4. Other types of anemia such as autoimmune hemolytic anemia and
megaloblastic anemia.

5. History of blood transfusion in the recent past that is likely to affect
the Mentzer index.

RESULTS

Out of 120 studied cases, there were 71 (59.17%) boys and 49 (40.83%)
girls. There was a male predominance among the studied cases with
M:F ratio being 1:0.69 (Fig. 1).

The analysis of the age distribution among boys and girls in the
studied cases showed that for children <4 years old, there were 12
boys (10.00%) and 7 girls (5.83%). In the 4-7 years age group, there
were 29 boys (24.17%) and 20 girls (16.67%). Among children aged
8-10 years, there were 17 boys (14.17%) and 12 girls (10.00%). In
the 11-12 years age group, there were 13 boys (10.83%) and 10 girls
(8.33%). The mean age of boys (8.12+3.13) and girls (7.82+2.98) was
found to be comparable with no statistically significant difference
(p=0.59) (Table 1).

The analysis of the presenting complaints among boys and girls
revealed that fatigue was the most common complaint, with 52 boys
(73.24%) and 36 girls (73.47%) reporting it. Pallor was observed in
51 boys (71.83%) and 35 girls (71.43%). Anorexia affected 40 boys
(56.34%) and 28 girls (57.14%). Breathlessness was reported by 20
boys (28.17%) and 14 girls (28.57%), while irritability was noted in
15 boys (21.13%) and 10 girls (20.41%). PICA was the least common,
affecting 12 boys (16.90%) and 9 girls (18.37%). The presenting
complaints were comparable in boys and girls with no statistically
significant difference (p>0.05) (Table 2).

The analysis of the severity of anemia among boys and girls indicated
that mild anemia (10-11.9 g/dL) was the most prevalent, affecting 35
boys (29.17%) and 27 girls (22.50%). Moderate anemia (7-9.9 g/dL)

M Boys M Girls

Fig. 1: Gender distribution of the studied cases
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Table 1: Gender-wise age distribution of studied cases

Age distribution Boys Girls

Number of cases Percentage Number of cases Percentage
Less than 4 years 12 10.00 7 5.83
4-7 years 29 24.17 20 16.67
8-10 years 17 14.17 12 10.00
11-12 years 13 10.83 10 8.33
Total 71 59.17 49 40.83
Mean age (years) 8.12+3.13 7.82+2.98
p=0.5997 (not significant)

Table 2: Presenting complaints in studied cases
Presenting complaints Boys Girls Significance
Number Percentage Number Percentage

Fatigue 52 73.24 36 73.47 p>0.05
Pallor 51 71.83 35 71.43 p>0.05
Anorexia 40 56.34 28 57.14 p>0.05
Breathlessness 20 28.17 14 28.57 p>0.05
Irritability 15 21.13 10 20.41 p>0.05
PICA 12 16.90 9 18.37 p>0.05

was observed in 21 boys (17.50%) and 14 girls (11.67%). Severe anemia
(<7 g/dL) was found in 15 boys (12.50%) and 8 girls (6.67%) (Table 3).

Boys had a MCV of 69.36 fL (+4.44), mean corpuscular hemoglobin
(MCH) of 21.97 pg (¥3.97), MCH concentration (MCHC) of 28.15 g/dL
(#2.98), and red cell distribution width (RDW) of 15.87% (¥2.12). In
comparison, girls had an MCV of 73.00 fL (+4.03), MCH of 23.09 pg
(+3.24), MCHC of 27.09 g/dL (#3.10), and RDW of 16.81% (+2.46). MCV,
MCH, and MCHC values were comparable in boys and girls, whereas
RDW was higher in girls as compared to boys, and the difference was
statistically significant (p=0.02) (Table 4).

Mentzer index of all patients was studied. It was found that most of
the patients (92.5%) had a Mentzer index of more than 13 thereby
suggesting that the primary pathology was likely to be iron deficiency;
however, 7.5% of cases were found to have a Mentzer index below
13 making it necessary to advice further investigations such as iron
studies and Hb electrophoresis to rule out other causes of microcytic
hypochromic anemia including beta-thalassemia. Therefore, those
patients with Mentzer index were advised to temporarily stop iron
supplementation, and further, investigations were advised before
resuming iron supplementation [Table 5].

DISCUSSION

IDA as well as thalassemia usually present as microcytic hypochromic
anemia [11]. Given the distinct pathophysiological mechanisms
and management strategies required for these conditions, accurate
differentiation is the cornerstone of management. Misdiagnosis of
thalassemia as IDA can lead to inappropriate iron supplementation,
resulting in harmful iron overload in thalassemia patients [12].
Mentzer index can be used for such differentiation in resource-limited
settings, providing an accessible means to guide initial diagnostic and
therapeutic decisions. Integrating simple yet effective screening tests
such as the Mentzer index into routine clinical practice will prevent
the adverse consequences of iron supplementation in thalassemia
and improve patient outcomes [13]. In our study, most of the patients
(92.5%) had a Mentzer index of more than 13; however, 7.5% of cases
were found to have a Mentzer index below 13.

Tabassum et al. conducted a cross-sectional study to observe the role
of the Mentzer index in differentiating IDA and beta-thalassemia trait
(BTT) in pregnant women [14]. The study was conducted from October
2020 to March 2021, including 100 antenatal women with Hb <11 g/dL.

Table 3: Severity of anemia in studied cases

Severity of Boys Girls

anemia Number Percentage Number Percentage
Mild 35 29.17 27 22.50
(10-11.9 g/dL)

Moderate 21 17.50 14 11.67
(7-9.9 g/dL)

Severe (<7 g/dL) 15 12.50 8 6.67

Total 71 59.17 49 40.83

The Mentzer index was calculated and diagnoses were confirmed by
serum iron studies and Hb electrophoresis. Results showed a Mentzer
index sensitivity and specificity of 91% and 83% for IDA, and 83% and
919% for B TT, respectively. On the basis of these findings, the authors
concluded that the Mentzer index can be used as a discriminatory
test for IDA and 8 TT, facilitating better patient compliance and cost-
effectiveness. Similar findings were also reported by the authors such
as Amer [15] and Hoffmann et al. [16].

Shah et al. conducted a cross-sectional and observational study to evaluate
the reliability of the Mentzer index in differentiating beta-thalassemia
trait ( TT) from IDA [17]. The study included 59 patients diagnosed with
IDA and 59 patients diagnosed with 3 TT from August 2019 to July 2020,
using simple random sampling. The Mentzer index correctly identified
95.76% of patients. Sensitivity and specificity for § TT were 93.2% and
98.3%), respectively, and for IDA, 98.3% and 93.2%, respectively. On the
basis of these findings, the authors concluded that the Mentzer index is
a reliable screening method, especially in resource-poor settings, though
further confirmation by gold standard tests is recommended. The findings
and conclusion of this study were similar to our study our study also
identified 7.5% of cases with Mentzer index less than 13 who were being
given iron supplementation presuming the anemia to be secondary to iron
deficiency. Similar findings were also reported in the studies conducted by
Bhargava et al. [18] and Sherali et al. [19].

Due to the high prevalence of IDA and thalassemia among individuals
with normal Hb values, applying the Mentzer index across the entire
population might give false-positive results. However, when the
Mentzer index is determined specifically in children with microcytic
(low MCV) and hypochromic (low MCH and MHC) anemia, it may
reliably differentiate the cases with IDA and thalassemia [20].
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Table 4: MCV, MCH, MCHC, and RDW in studied cases

Gender Number of cases MCV (fL) MCH (pg) MCHC (g/dL) RDW (%)
Boys 71 67.86x4.44 20.97+3.97 26.15+2.98 15.87+2.12
Girls 49 69.02+4.03 21.09+3.24 25.09+3.10 16.81£2.46
p-value 0.14 0.86 0.06 0.02*

MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RDW: Red cell distribution width

Table 5: Mentzer index in studied cases

Mentzer index No of cases Percentage

Mentzer index 13 or above 111 92.5

Mentzer index below 13 9 7.5

Total 120 100
CONCLUSION

IDA and thalassemia both present as microcytic hypochromic anemia
but require distinct management strategies. Misdiagnosis can lead to
inappropriate treatments, such as iron overload in thalassemia patients.
The Mentzer index offers a simple, effective tool for differentiation,
particularly in resource-limited settings, improving diagnostic accuracy
and patient outcomes.
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