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ABSTRACT

Background: Pediatric anemia is a heterogeneous clinical problem in which nutritional deficiency,
chronic inflammation, hemoglobinopathy, hemolysis, and marrow failure may produce overlapping
symptoms but distinct hematological signatures.

Aim: To describe the clinical presentation, hematological indices, morphological patterns,
etiological spectrum, and severity distribution of anemia among children and adolescents evaluated
in a pediatric department.

Materials and Methods: This observational study included 70 children and adolescents enrolled
between May 2025 and April 2026. Age, sex, presenting symptoms, complete blood count indices,
iron profile, transferrin saturation, peripheral smear findings, anemia morphology, etiology, and
severity category were analysed. Categorical variables were summarised as frequencies and
percentages. Continuous variables were expressed as mean + standard deviation. Chi-square test
and Kruskal-Wallis test were used where appropriate, with p<0.05 considered statistically
significant.

Results: The mean age was 7.28 + 4.57 years, and the sex distribution was equal, with 35 males and
35 females. Mean hemoglobin was 8.23 + 1.61 g/dL. Moderate anemia was the commonest severity
category, observed in 39 children (55.7%), followed by mild anemia in 18 (25.7%) and severe anemia
in 13 (18.6%). Normocytic anemia was the most frequent morphology (36/70, 51.4%), followed by
microcytic anemia (30/70, 42.9%). Iron deficiency anemia was the leading etiology (20/70, 28.6%),
followed by sickle cell disease/variants (13/70, 18.6%), anemia of chronic disease (12/70, 17.1%),
and thalassemia minor (10/70, 14.3%). Morphology was significantly associated with severity (chi-
square=21.13, p<0.001).

Conclusion: The study shows that pediatric anemia is not a single nutritional entity. Although iron
deficiency remained the largest etiological group, normocytic anemia related to chronic disease
and hemolytic disorders formed a substantial proportion. A combined clinical, CBC, iron profile,
and smear-based approach is therefore essential for accurate pediatric anemia evaluation.

Keywords: Anemia, Children, Hemoglobin, Iron Deficiency Anemia, Peripheral Smear, Thalassemia,
Sickle Cell Disease.

INTRODUCTION
Anemia remains one of the most familiar yet

Clinical interpretation of anemia in children
requires age-sensitive thinking. A haemoglobin

easily underestimated disorders encountered
in paediatric practice. The World Health
Organization describes it as a condition in
which haemoglobin concentration is lower
than normal for age, sex, physiological status,
and environmental context, leading to reduced
oxygen-carrying capacity and a wide range of
clinical consequences [1]. In children, the
issue is not merely a laboratory abnormality. It
can influence growth, activity, school
performance, susceptibility to infections, and
neurodevelopmental potential, particularly
when it occurs during early childhood or
adolescence.

value that is acceptable in one age group may
be abnormal in another, and severity
assessment has to be read alongside
symptoms, comorbid illness, and the pace of
onset. WHO guidance on haemoglobin cut-offs
and severity classification continues to provide
a useful public health and clinical framework,
although individual patient evaluation must
still account for local disease patterns and
associated conditions [2].

The Indian context gives this problem a
particular urgency. National Family Health
Survey-5 reported a high burden of anemia
among young children, and adolescent girls
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continue to represent a vulnerable group
because of growth velocity, dietary
inadequacy, and menstrual blood loss [3].
Public health programmes such as Anemia
Mukt Bharat have rightly emphasised iron-folic
acid supplementation, deworming, behaviour
change communication, and testing-based
management. Yet, the clinical workload in
paediatric departments often extends beyond
nutritional iron deficiency alone [4].

That is where morphology and a careful
laboratory profile matter. A  microcytic
hypochromic smear may point towards iron
deficiency, but it may also uncover
thalassemia trait. A normocytic pattern may
reflect chronic inflammation, hemolysis, renal
disease, sickle cell disease, red cell membrane
defects, or bone marrow failure. Macrocytosis,
even when subtle, raises the possibility of
vitamin B12 or folate deficiency, mixed
deficiency states, or marrow stress. Standard
paediatric evaluation, therefore, depends on a
combination of history, examination, complete
blood count, red cell indices, reticulocyte
interpretation where available, iron studies,
and peripheral smear review [5].

Iron deficiency anemia remains the most
frequent nutritional anemia of childhood, but
its diagnosis is sometimes complicated by
inflammatory states, recent treatment, dietary
variation, and overlapping micronutrient
deficiencies. Low ferritin, low serum iron, high
TIBC, reduced transferrin saturation, high
RDW, and microcytosis collectively strengthen
the diagnosis, while isolated indices may be
misleading in sick children [6]. Infants, picky
eaters, children with excessive cow's milk
intake, menstruating adolescents, and those
with malabsorption form clinically recognizable
risk groups. In Indian households, dietary iron
bioavailability is also shaped by cereal-pulse
dominant meals, tea consumption among
adolescents, affordability of animal-source
foods, and family-level food distribution.

At the same time, paediatricians cannot afford
to label every microcytic anemia as iron
deficiency. Beta-thalassemia trait and related
hemoglobinopathies often produce
disproportionate microcytosis with relatively
preserved red cell count and target cells on
smear. Early identification has implications
beyond the index child, since carrier detection
enables counselling, family screening, and
prevention of severe thalassemia syndromes
[7]. Hospital-based studies from low- and
middle-income settings have shown that
parallel screening for iron deficiency and

thalassemia among children with microcytosis
can prevent missed opportunities for
hemoglobinopathy detection [8].

Against this background, the present study
was undertaken to describe the clinical
spectrum, hematological profile, morphological
distribution, etiological pattern, and severity of
anemia among children and adolescents
evaluated in the Department of Pediatrics over
one year. The objective was not to estimate
community prevalence. Rather, it was to
document the real diagnostic mix that a
paediatric department encounters, where
nutritional  deficiency, chronic  disease,
hereditary haemolytic disorders, and mixed
patterns may coexist.

MATERIALS AND METHODS

Study Design and Period

This was an observational study conducted in
the Department of Pediatrics from May 2025
to April 2026. The first recorded enrolment
was on 12 May 2025, and the final enrolment
was on 29 April 2026.

Study Population

The study included 70 children and
adolescents aged 0.6-16.5 years who were
evaluated for anemia during the study period
and had clinical, hematological, iron profile,
smear morphology, etiological, and severity
details available for analysis.

Inclusion Criteria

Children and adolescents diagnosed with
anemia and having recorded values for age,
sex, presenting symptoms, hemoglobin, red
cell indices, iron studies, transferrin saturation,
peripheral smear findings, anemia
morphology, etiological category, and severity
were included.

Exclusion Criteria

Records lacking essential hematological or
etiological classification variables were not
included in the final analysis. Cases outside
the paediatric and adolescent age range were
not considered.

Clinical and Laboratory Variables

The clinical variables analysed were age, sex,
and presenting symptoms such as pallor,
fatigue, pica, jaundice, dark urine, poor
feeding, irritability, glossitis, and dyspnea.
Laboratory variables included hemoglobin, red
blood cell count, mean corpuscular volume,
mean  corpuscular  hemoglobin,  mean
corpuscular hemoglobin concentration, red cell
distribution width, serum ferritin, serum iron,
total iron-binding capacity, and transferrin
saturation. Peripheral smear findings were
reviewed as recorded and grouped into
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microcytic,
morphology.
Etiological Classification

Etiological categories included iron deficiency
anemia, anemia of chronic disease,
thalassemia minor, sickle cell disease and its
variants, megaloblastic anemia, hereditary
spherocytosis, G6PD deficiency, aplastic
anemia, mixed deficiency anemia, and iron
deficiency anemia with macrocytic tendency.
Sickle cell disease variants were grouped for
the main etiological analysis because their
clinical interpretation belonged to the same
hemoglobinopathy spectrum.

Outcome Measures

The primary outcome measure was the
distribution of etiological categories of
pediatric anemia. Secondary  outcomes
included severity pattern, morphological
distribution, symptom profile, and etiology-
wise variation in hemoglobin, MCV, RDW,
ferritin, and transferrin saturation.

Statistical Analysis

Categorical variables were expressed as
frequency and percentage. Continuous
variables were summarised as mean =+
standard deviation. Associations between

normocytic, or  macrocytic

categorical variables were assessed using the
chi-square test. Because several etiological
groups had small and unequal sample sizes,
etiology-wise comparisons of hematological
and iron indices were performed using the
Kruskal-Wallis test. A p-value <0.05 was
considered statistically significant.
Confidentiality

Individual-level identifiers were anonymised in
the analytical record. No personal names or
hospital registration numbers are reported in
the manuscript.

RESULTS

The study included 70 children and
adolescents with anemia. The mean age was
7.28 £ 4.57 years, with a median of 6.65
years and an age range of 0.6-16.5 years. The
cohort had equal sex representation, with 35
males and 35 females. Adolescents and
children aged 1-4.9 years each accounted for
22 cases, while school-age children accounted
for 21 cases. Infants below one year formed a
smaller but clinically important subgroup,
comprising 5 cases. The baseline demographic
and hematological profile is shown in Table 1.

Table 1. Demographic and Baseline Hematological Characteristics of the Study Cohort (N=70)

Characteristic Value
Total participants 70
Age, years (mean £ SD) 7.28 + 4.57
Age, years (median; range) 6.65; 0.6-16.5
Infants <1 year 5(.1)
Early childhood, 1-4.9 years 22 (31.4)
School-age, 5-9.9 years 21 (30.0)
Adolescents, 10-17 years 22 (31.4)
Male 35 (50.0)
Female 35 (50.0)
Hemoglobin, g/dL (mean + SD) 8.23 + 1.61
RBC count, x10~12/L (mean + SD) 3.73 £ 1.01
MCV, fL (mean % SD) 82.11 + 11.20
MCH, pg (mean + SD) 22.68 + 3.15
MCHC, g/dL (mean £ SD) 27.74 £ 2.43
RDW, % (mean £ SD) 16.09 £ 1.76
Serum ferritin, ng/mL (mean £ SD) 121.79 £ 135.59
Serum iron, mcg/dL (mean % SD) 54.51 + 26.65
TIBC, mcg/dL (mean % SD) 338.96 + 71.82
Transferrin saturation, % (mean £ SD) 17.82 £ 10.48

Note: Values are presented as n (%) unless otherwise specified. RBC: red blood cell; MCV: mean
corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin
concentration; RDW: red cell distribution width; TIBC: total iron-binding capacity.

Pallor was the commonest presenting
symptom, documented in 53 children (75.7%),
followed by fatigue in 38 (54.3%), jaundice in
12 (17.1%), pica in 9 (12.9%), and dark urine

in 8 (11.4%). Symptoms such as glossitis,
dyspnea or shortness of breath, irritability,
poor feeding, poor growth, and back pain
were less frequent but helped clinically
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separate nutritional, hemolytic, and chronic
disease patterns.

Iron deficiency anemia was the leading
etiology, accounting for 20 of 70 cases
(28.6%). Sickle cell disease and its variants
formed the second largest group with 13 cases
(18.6%), followed by anemia of chronic
disease in 12 (17.1%) and thalassemia minor

in 10 (14.3%). Megaloblastic anemia,
hereditary spherocytosis, and G6PD deficiency
each contributed 4 cases. Aplastic anemia,
mixed deficiency anemia, and iron deficiency
anemia with macrocytic tendency were
uncommon, with one case each. The
etiological distribution and severity pattern are
presented in Table 2 and Figure 1.

Table 2. Etiological Distribution of Pediatric Anemia with Severity Pattern

. n . Dominant
Etiology (%) Mild Moderate Severe morphology
- . 20 . .
Iron deficiency anemia (28.6) 6 11 3 Microcytic
Sickle cell disease/variants (1;36) 0 11 2 Normocytic
Anemia of chronic disease (11721) 1 8 3 Normocytic
o 10 . .
Thalassemia minor (14.3) 10 0 0 Microcytic
Megaloblastic anemia (547) 0 3 1 Macrocytic
G6PD deficiency (547) 0 4 0 Normocytic
Hereditary spherocytosis (547) 1 0 3 Normocytic
. . 1 .
Aplastic anemia (1.4) 0 0 1 Normocytic
Mixed deficiency anemia (11 4) 0 1 0 Normocytic
Iron deficiency anemia with 1 .
macrocytic tendency (1.4) 0 1 0 Normocytic

Note: Sickle cell disease includes recorded sickle cell disease and variants. The percentage was

calculated using n=70 as the denominator.
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Figure 1. Etiological Distribution of Pediatric Anemia
Note: Values above bars represent the number of children in each etiological category.

Moderate anemia was the commonest severity
category, observed in 39 children (55.7%),
followed by mild anemia in 18 (25.7%) and

severe anemia in 13 (18.6%). Sex was not
significantly associated with anemia severity
(chi-square=0.94, p=0.625). Similarly, age
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group showed

no

statistically significant

association with severity (chi-square=8.96,

Severe

55.7%
(n=39)

Moderate

p=0.176). The overall severity distribution is
shown in Figure 2.

Figure 2. Distribution of Anemia Severity in the Study Cohort
Note: The donut chart shows the proportional distribution of mild, moderate, and severe anemia.

Normocytic anemia was the most frequent
morphological category, seen in 36 children
(51.4%), followed by microcytic anemia in 30

mild cases, while normocytic anemia included
most moderate and severe cases because this
group contained chronic disease, sickle cell

(42.9%) and macrocytic anemia in 4 (5.7%). disease, hereditary spherocytosis, G6PD
Morphology showed a significant association deficiency, and aplastic anemia. The
with severity (chi-square=21.13, p<0.001). morphology-severity relationship is
Microcytic anemia had a larger proportion of summarised in Table 3 and Figure 3.

Table 3. Morphological Pattern of Anemia By Severity Category

M Anemia Total n (%) Mild Moderate Severe
orphology
Microcytic 30 (42.9) 16 11 3
Normocytic 36 (51.4) 2 25 9
Macrocytic 4 (5.7) 0 3 1

Note: Morphology was significantly associated with severity (chi-square=21.13, p<0.001).
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Figure 3. Stacked Severity Distribution across Anemia Morphology Groups
Note: Segment labels indicate the number of children in each severity category within the respective
morphological group
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Hematological indices differed visibly across
etiological groups. Children with thalassemia
minor showed marked microcytosis with
relatively preserved hemoglobin, whereas
megaloblastic anemia showed macrocytosis.
Iron deficiency anemia showed low ferritin and
low transferrin saturation, while hemolytic
disorders such as sickle cell disease and
hereditary spherocytosis had higher ferritin

Table 4. Etiolo

values.  Kruskal-Wallis  testing  showed
significant differences across major etiological
groups for hemoglobin (p<0.001), MCV
(p<0.001), RDW (p<0.001), serum ferritin
(p<0.001), and transferrin  saturation
(p<0.001). Etiology-wise hematological and
iron profiles are shown in Table 4. The
relationship between MCV and hemoglobin by
etiology is shown in  Figure 4.

y-Wise Hematological and Iron Profile among Major Diagnostic Groups

Etiology n Hemoglobin | MCV RDW | Serum Ferritin Transferrin
(g/dL) (fL) (%) (ng/mL) Saturation (%)

fron deficency | 20 | g.s5+ 136 | /4% % | 180> | 12,00+ 4.66 6.27 + 1.90
disonmrarmnts |13 | 7512082 | GEEN U | 2969259776 | 27.80£7.30
chén?w??é?sggse 12 ] 826+ 141 832..16761: i5125% %.75 £ 16.42 13.25 + 2.24

Mo | 10| 1057033 | STF) 0T | s210%645 21.46 + 1.84
Megaloblastic 1 4 | 678+ 060 | 20290 | 175 1 600+ 1.83 24.80 + 4.60
G6PD deficiency | 4 | 7.42 % 0.57 913'_5101* fb7359 286.25 + 18.87 34.50 + 2.10
s;]‘zr;‘f;?g’s'is 4| e62+179 | BN 1923 | 960,00 +100.00 | 28.40 % 11.07

Note: Values are mean + standard deviation. Only groups with at least four cases are displayed in
this table. Kruskal-Wallis test showed p<0.001 for hemoglobin, MCV, RDW, ferritin, and transferrin
saturation across these groups.
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Figure 4. Relationship between MCV and Hemoglobin According To Etiological Group
Note: Vertical dashed lines mark MCV thresholds commonly used to distinguish microcytic,
normocytic, and macrocytic ranges.

DISCUSSION

The present study highlights the diagnostic
diversity of pediatric anemia in a hospital-
based paediatric cohort. Iron deficiency

anemia was the commonest single etiology,
yet it represented less than one-third of the
cases. Nearly two-thirds belonged to other
categories, including sickle cell disease and
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variants, anemia of chronic disease,
thalassemia minor, megaloblastic anemia,
hereditary spherocytosis, G6PD deficiency,
aplastic anemia, and mixed nutritional
patterns. This matters clinically. If every child
with pallor is managed only as presumed iron
deficiency, important inherited and
inflammatory causes may be missed.

Global analyses have consistently shown that
childhood anemia is shaped by a mixture of
nutritional deficiency, inherited red cell
disorders, infection, inflammation, and region-
specific epidemiology [9]. In South Asia,
where nutritional deprivation coexists with
hemoglobinopathies and chronic infectious or
inflammatory conditions, a single-cause model
is often too narrow. Population estimates also
show that anemia burden in children has
persisted over decades despite public health
programmes, indicating that screening and
supplementation need to be complemented by
etiological diagnosis at clinical care points
[10].

The predominance of iron deficiency anemia in
the present cohort is unsurprising, but the
proportion was not overwhelming. This is
consistent with routine pediatric experience in
India: many children have low dietary iron
intake, excessive milk consumption in early
childhood, picky eating, menstrual blood loss
in adolescent girls, or malabsorption-related
iron depletion. The low transferrin saturation
and low ferritin values in the iron deficiency
group supported this pattern. However, two
clinically mixed patterns in adolescent girls
also underline a practical point: menstrual
blood loss and inadequate diet may coexist
with B12 or folate insufficiency, producing
indices that do not fit the classic microcytic
template.

Thalassemia minor formed 14.3% of the study
cohort and was almost entirely mild in
severity. The typical pattern was low MCV with
relatively preserved hemoglobin and target
cells on smear. This finding reinforces the
need to distinguish thalassemia trait from iron
deficiency, especially before prolonged
empirical iron therapy. Family screening and
counselling are not merely academic additions;
they can prevent severe thalassemia
syndromes when carrier status is recognised
before marriage or conception [7].

Sickle cell disease and variants formed 18.6%
of cases, making hemoglobinopathy a major
contributor in this paediatric profile. The
clinical notes of jaundice, dark urine, pain
crises, dactylitis, splenic sequestration, and

acute chest syndrome history fit the expected
spectrum of chronic hemolytic disease. In
Indian practice, sickle cell disorders have
special relevance in several tribal and central
Indian populations, but migration and mixed
catchment areas mean that paediatric
departments outside traditionally endemic
belts may also encounter these cases.
Hydroxyurea use, vaccination, infection
prevention, pain control, and family
counselling remain central to reducing
morbidity [11].

G6PD deficiency was identified in four
children, all with moderate anemia and clinical
pointers such as dark urine, back pain, or
identifiable oxidative triggers. G6PD deficiency
is especially important because the child may
be well until exposed to certain drugs,
infections, fava beans, or other oxidative
stressors. The diagnosis, therefore, has
implications for anticipatory counselling,
medication safety, and family education,
rather than just acute hemolysis management
[12].

Hereditary = spherocytosis,  though less
frequent, showed a severe phenotype in most
cases. The smear finding of spherocytes,
clinical jaundice, splenomegaly, and family
history were useful diagnostic anchors. Such
children may initially be labelled as nonspecific
hemolytic anemia unless the smear is
examined carefully. The finding also explains
why peripheral smear review remains
indispensable in pediatric anemia workup even
in the era of automated analyzers [13].
Aplastic anemia was uncommon but clinically
serious. The single case had very low
hemoglobin, pancytopenia-related features,
and occasional blasts noted in the smear
description. This is exactly the type of
presentation where a routine anemia pathway
is insufficient. Bone marrow failure syndromes
require prompt recognition, exclusion of
inherited marrow failure, and early referral to
pediatric hematology services [14].
Megaloblastic anemia and mixed deficiency
patterns deserve separate comment in the
Indian context. Vegetarian diets, low intake of
animal-source foods, food taboos, poverty-
related dietary monotony, and adolescent
menstrual loss may combine to produce
complex anemia phenotypes. Vitamin B12
deficiency has been reported among Indian
infants and children and may have
neurological and developmental implications,
which  makes early diagnosis clinically
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important even when hematological correction
appears straightforward [15].

The significant association between
morphology and severity in this study is
clinically meaningful. Microcytic anemia was
dominated by mild and moderate cases, while
normocytic anemia carried a larger share of
severe disease because it included hemolytic
disorders, chronic disease, and marrow failure.
This observation cautions against assuming
that normocytic anemia is benign or early. In a
sick child, normocytic anemia may be the first
visible clue to chronic inflammation, renal
disease, hemolysis, or marrow suppression.
The study has limitations. The sample size was
modest and reflects children evaluated in one
department, so the findings should not be
interpreted as community  prevalence.
Confirmatory testing, such as hemoglobin
electrophoresis, reticulocyte count, C-reactive
protein, vitamin B12, folate, and bone marrow
assessment, was not uniformly available for all
analytical categories. Treatment response and
longitudinal outcomes were also not assessed.
Even with these limitations, the study gives a
realistic picture of the etiological spread
encountered in paediatric anemia evaluation
and supports a structured, morphology-guided
diagnostic approach.

CONCLUSION

Pediatric anemia in this study showed a broad
etiological spectrum. Iron deficiency anemia
was the most frequent single diagnosis, but
chronic disease, hemoglobinopathies,
hemolytic disorders, megaloblastic anemia,
and marrow failure collectively represented a
substantial proportion. Normocytic morphology
was slightly more common than microcytic
morphology because of the large contribution
of chronic and hemolytic disorders. A
combined assessment of symptoms, CBC
indices, iron profile, peripheral smear findings,
and etiological context is therefore essential
before finalising management. In Indian
pediatric practice, this approach is particularly
relevant because nutritional anemia and
inherited red cell disorders often coexist in the
same clinical ecosystem.
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