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ABSTRACT

Background: Paediatric anaemia remains an important public health and clinical concern, particularly during early
childhood when iron requirements are high. Childhood anaemia is predominantly caused by iron deficiency, which
should be differentiated from other nutritional and haematological causes when assessed by haemoglobin (Hb) alone.
The haematological profile, severity, and aetiology of anaemia, with a focus on iron deficiency, in children aged 6
months to 5 years were examined.

Methods: A retrospective observational study has been carried out in the Department of Pathology at a tertiary-care
centre in Chennai, Tamil Nadu, using medical records from March 2023 to March 2024. Children aged 6 months to 5
years with anaemia and appropriate records were included. Red cell indices such as MCHC, MCV, MCH, RDW,
serum iron, ferritin, TIBC, transferrin saturation, and reticulocyte count were assessed. The severity of anaemia was
categorised according to the age-specific WHO 2024 Hb cut-offs. Data were analysed using IBM SPSS version 24.
Student’s t-test and Pearson’s correlation were used, with p<0.05 considered statistically significant. The study
included 100 children.

Results: Among the 100 children, 63% were male, and 38% were aged 6 months to <1 year. Moderate anaemia was
the predominant severity category (61%), followed by severe (25%) and mild anaemia (14%). Iron deficiency anaemia
was the most common aetiology, accounting for 70% of cases. The mean Hb was 7.74+1.58 g/dL, with a
predominantly microcytic hypochromic pattern (MCV 64.4348.11 fL; MCH 17.99+4.11 pg) and elevated RDW
(20.44+4.49%). Hb, MCV, MCH, MCHC and RDW varied significantly across severity categories. Serum iron,
ferritin, TIBC and transferrin saturation differed significantly between iron-deficient and non-iron-deficient groups
(all p<0.001), whereas Hb and RDW did not. No significant correlations were observed between the assessed iron
parameters and Hb or reticulocyte count.

Conclusion: Iron deficiency anaemia was the predominant cause of paediatric anaemia in this cohort, with a
predominantly microcytic hypochromic haematological pattern. Although routine red-cell indices provided useful
information regarding morphology and severity, they did not reliably distinguish iron-deficient from non-iron-
deficient anaemia. The findings support the use of appropriate iron-profile investigations alongside the routine
haemogram for a more reliable and practical evaluation of paediatric anaemia.

KEYWORDS: Paediatric anaemia; iron deficiency anaemia; haemogram; red-cell indices; iron profile; ferritin;
RDW; children

INTRODUCTION

Anaemia is one of the most common nutritional and haematological disorders in childhood and remains an important
global public health problem. Young children are especially susceptible due to rapid development and heightened iron
needs in the first years of life [1]. Long-term anaemia, especially in early childhood, can impact physical development,
cognitive and overall well-being [2]. According to estimates from the “World Health Organisation (WHO),” one in
every 40 children aged 659 months globally has anaemia, indicating its persistence worldwide [3].

In India, the burden remains significantly high [4]. The “National Family Health Survey-5 (NFHS-5)” indicates that
67.1% of children aged 6-59 months were anaemic in India in 2019-2021. The prevalence in Tamil Nadu was 57.4%
[5]- The infancy and early childhood period is of special concern due to the high burden, as it is a period of rapid
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growth and high nutritional requirements [1]. These results indicate that childhood anaemia is a child-health and
nutritional challenge of concern even in states that have relatively better health indicators.

Paediatric anaemia is a multifactorial aetiology. The most prevalent nutritional cause is iron deficiency, especially in
infancy and early childhood, but vitamin B12 and folate deficiencies, haemoglobinopathies, chronic inflammation,
haemolytic disorders and other conditions may also contribute. Iron deficiency can be present prior to the onset of
anaemia, and it is therefore necessary to identify the cause to ensure it is managed and prevented [6].

Diagnosis has conventionally commenced with estimation of Hb and measurement of red-cell indices and relevant
biochemical studies. The 2024 WHO guideline describes anaemia among children aged 6 to 23 months as Hb under
<10.5 g/dL and anaemia among children aged 24-59 months as Hb under <11.0 g/dL, with the severity being
determined by age-specific Hb concentrations [7]. The potential etiology can be determined by complete blood count
parameters like mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV), mean corpuscular
haemoglobin concentration (MCHC) and red-cell distribution width (RDW), as well as reticulocyte count and iron-
profile parameters like serum ferritin, serum iron, total iron-binding capacity (TIBC) and transferrin saturation [8].
The recent India and Southeast Asia consensus similarly recommends combining the haemogram with iron-profile
investigations when evaluating anaemic children [9].

Previous Indian studies have reported iron deficiency as the predominant cause of paediatric anaemia, with microcytic
and hypochromic red-cell changes frequently observed [10,11]. However, much of the available evidence has focused
either on population-level prevalence or on specific hospital-based populations, with relatively limited integrated data
combining clinical, haematological and biochemical findings in young children [12,13].

Although bone-marrow iron staining is considered a reference standard for assessing iron stores, its invasive nature
limits its routine use in children. Serum ferritin and other iron-profile parameters therefore provide more practical
approaches to assessing iron status in clinical settings [9].

Despite the substantial burden of childhood anaemia, region-specific studies integrating severity, haematological
indices and biochemical iron parameters remain limited in the South Indian setting. The current research evaluated
the hematological and aetiological profile of pediatric anemia, with emphasis on iron deficiency, utilizing routinely
available investigations in Tamil Nadu tertiary-care children.

MATERIALS AND METHODS

Study design and setting

A retrospective observational study has been carried out in a Chennai, Tamil Nadu, tertiary care pathology department.
Data was collected from eligible pediatric patients' medical records from March 2023 to March 2024.

Study population and Selection criteria

Children aged 6 months to 5 years with anemia who were hospital inpatients or outpatients were studied. Children
aged six months to five years with adequate clinical and hematological records and reported anemia were included.
Children admitted to “Pediatric Intensive Care Unit (PICU)” who were younger than six months or older than five
years, had incomplete medical records or insufficient laboratory findings, or had a history of prior blood transfusions
were all excluded.

Sample size and methodology

Based on a comparative study by Mukhija G et al., 2025 [14], the sample size of 100 was determined. With a precision
of 10%, the expected prevalence of anaemia in children is 61.9%. The significance level was determined at 5%. The
calculation formula utilised was

Z,=°p(1p)
2
Where p is the expected proportion or prevalence of event of interest for the study

d is the absolute precision
Z, x is normal deviate at a level of significance
2

n=

Variables and data sources

The medical records of the patients were used to get demographic data. Hb, red blood cell (RBC) count, packed cell
volume (PCV), MCV, MCH, red cell distribution width (RDW), mean corpuscular haemoglobin concentration
(MCHC), platelet count, total leucocyte count (TLC), absolute neutrophil count (ANC) were measured utilising a
Sysmex XN-1000 automated hematology analyzer. Reticulocyte count, iron-profile parameters (serum iron, ferritin,
TIBC), and LDH and transferrin had been reported if available.
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Definition and classification of anaemia
Age-specific Hb cut-offs were used to define and grade anaemia.

Table 1: WHO 2024 haemoglobin cut-offs for diagnosis and severity of anaemia in children [7]

. | Mild . .
Age group No anaemia anaemia Moderate anaemia | Severe anaemia
(g/dL) @dL) (g/dL) (g/dL)
6-23 months >10.5 9.5-10.4 7.0-94 <7.0
24-59 months >11.0 10.0-10.9 7.0-9.9 <7.0

Children below 6 months of age were excluded from the analytical population because the age-specific WHO Hb cut-
offs used for this study begin at 6 months.

Assessment of Aetiology

The probable cause of anaemia was determined by the red-cell indices, complete blood count, peripheral blood smear,
and related biochemical analyses in the medical records.

Serum ferritin was used in combination with other iron profile measures to evaluate iron deficiency. Less than 12pg/L
of serum ferritin in children under the age of 5 indicates iron deficiency. Serum iron, transferrin saturation, and TIBC
were also assessed.

A serum vitamin B12 concentration of <200 pg/mL was considered a vitamin B12 deficiency. Folate deficiency,
haemoglobinopathies, anaemia of chronic disease and other causes were classified based on the available laboratory
findings and relevant clinical documentation.

Statistical methods

IBM SPSS Statistics, version 24, was used to process the data that was collected in Microsoft Excel 2021. To
summarise continuous variables, the mean + standard deviation was utilised. The Student’s t-test has been utilised for
group comparisons, and Pearson’s correlation coefficient (r) was used for examining correlations between hemogram
and iron-profile data (e.g., age and Hb; serum iron and reticulocyte count; serum ferritin and Hb). Statistical
significance was considered at <0.05.

Bias and data completeness

As this was a retrospective, records-based study, the analysis depended on the availability and completeness of
information in the medical records. Participants with insufficient records or inadequate investigations were excluded
according to the predefined criteria. Since specialised investigations such as serum ferritin, serum iron, TIBC,
reticulocyte count and other tests were not necessarily available for every patient, analyses involving these parameters
were based on the number of participants with available results, and the relevant denominator was reported where
applicable.

Ethical considerations

When authorized by the Ethics Committee, informed consent was waived because this was a retrospective study
utilizing pre-existing medical records without further research or interventions. Patient confidentiality was maintained
by excluding identifying information from the study database and ensuring that all collected data were securely stored
and used only for research purposes.

RESULTS

Table 2: Demographic characteristics of study participants (n=100)

Sr No. | Variables Frequency(n) | %
1. Age 6 months to <l | 38 38.0
year
1 to <2 years 28 28.0
2 to <3 years 17 17.0
3 to <4 years 10 10.0
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4 to 5 years 7 7.0
2. Sex Female 37 37.0
Male 63 63.0

Table 2 describes the demographic characteristics of study participants(n=100). The majority of participants were
aged 6 months—<1 year, comprising 38 (38.0%), followed by those aged 1-<2 years, 28 (28.0%), and 2—<3 years, 17
(17.0%). Participants aged 3—<4 years accounted for 10 (10.0%), while those aged 4-5 years constituted the smallest
age group, with 7 (7.0%). Regarding sex distribution, 63 (63.0%) participants were male, and 37 (37.0%) were female,
indicating a predominance of male participants in the study.

Figure 1: Distribution of study participants according to anaemia severi

m Mild mModerate

Severity of Anaemia

m Severe

(n=100)

Figure 1 depicts the distribution of study participants according to the severity of anaemia among the 100 participants.
The most prevalent severity category was moderate anaemia, with 61(61.0%) participants, and severe anaemia, with
25(25.0%) participants. The least frequent category was mild anaemia, which was found in 14 (14.0%) participants.

Table 3: Distribution of study participants based on Etiological profile of anaemia (n=100)

Etiology n %
Iron deficiency anaemia 70 70
Vitamin B12/folate deficiency 8 8
Hemoglobinopathy 7 7
Mixed nutritional deficiency 6 6
Anaemia of chronic disease 5 5
Other/undetermined causes 4 4

Table 3 presents the etiological profile of anaemia in the study participants (n=100). The predominant etiology was
iron deficiency anaemia, which was present in 70(70.0%) participants. This was followed by vitamin B12/folate
deficiency in 8 (8.0%), hemoglobinopathy in 7 (7.0%), and mixed nutritional deficiency in 6 (6.0%) participants.
Anaemia of chronic disease was identified in 5 (5.0%), while other or undetermined causes accounted for 4 (4.0%)

participants.
Table 4: Haematological and iron profile of study participants (n=100)
Parameter Mean + SD
Haemoglobin(g/dL) 7.74 +1.58
RBC (million/uL) 4.43+0.89
PCV (%) 28.54 +5.09
MCV (fL) 64.43 £8.11
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MCH (pg) 17.99 +4.11
MCHC (g/dL) 27.91 £2.89
RDW (%) 20.44+4.49
Platelet count (x103/uL) 432.28 £120.79
TLC (/uL) 11987.80 + 3556.10
ANC (/uL) 4568.51 +2088.24
Serum ferritin (ng/mL) 22.84+19.01
Serum iron (png/dL) 36.11 £21.67
TIBC (pg/dL) 494.58 + 78.59
Transferrin saturation (%) 7.87+£5.40
Reticulocyte count (%) 1.03+0.51

The study participants’ (n=100) haematological and iron profiles are shown in Table 4 as mean =+ standard deviation.
Mean Hb was 7.74 + 1.58g/DIl, RBC count was 4.43 £ 0.89 million/pL, and PCV was 28.54 + 5.09%. The red cell
indices showed a mean MCV of 64.43 £8.11 FI, MCH of 17.99 £ 4.11 pg, and MCHC 0f 27.91 + 2.89 g/D], indicating
a predominantly microcytic, hypochromic pattern. The mean RDW was 20.44 + 4.49%, while the mean platelet count
was 432.28 £ 120.79 x10%/uL. The mean TLC and ANC were 11,987.80 + 3,556.10/uL and 4,568.51 + 2,088.24/uL,
respectively. Regarding the iron profile, the mean serum ferritin was 22.84 £ 19.01 ng/MI, serum iron was 36.11 +
21.67pg/DI, TIBC was 494.58 + 78.59 pg/Dl, and transferrin saturation was 7.87 + 5.40%, demonstrating a pattern
consistent with depleted iron availability. The mean reticulocyte count was 1.03 + 0.51%.

Figure 2: Distribution of anaemia severity according to age group
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Figure 2 illustrates the distribution of anaemia severity by age group among the study participants. In the 1 month—<1
year age group, moderate anaemia was most frequent, 22 (57.9%), followed by severe anaemia, 9 (23.7%) and mild
anaemia, 7 (18.4%). Similarly, moderate anaemia predominated among participants aged 1—<2 years [18 (64.3%)], 2—
<3 years [11 (64.7%)], 3—<4 years [5 (50.0%)], and 4-5 years [5 (71.4%)]. Severe anaemia was relatively more
frequent in the 2—<3 years age group 6 (35.3%), while mild anaemia was absent in the 2—<3 years and 4-5 years
groups. The distribution of anaemia severity did not significantly vary among the age groups, as seen by the absence
of a statistically significant correlation between age group and anaemia severity (p=0.606).

Table 5: Comparison of haematological parameters according to anaemia severity

Parameter Mild(n=14) Moderate(n=61) Severe(n=25) P-value
Haemoglobin (g/DI) | 10.24 £ 0.32 7.99 +0.84 5.74 £0.70 <0.001
RBC (million/uL) 4.57+0.99 4.45+0.93 4.30+0.76 0.639
PCV (%) 28.92+4.92 28.95+5.23 27.33+4.85 0.394
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MCV (Fl) 69.84 £ 4.72 64.58 + 6.08 61.01 £ 11.73 0.004
MCH (pg) 20.97 + 1.64 19.20 + 3.12 13.38 +3.59 <0.001
MCHC (g/DI) 29.90 + 1.32 28.22+2.63 26.03+3.17 <0.001
RDW (%) 18.53 £ 2.14 19.99 + 4.10 22.62 + 5.58 0.010

Table 5 compares haematological parameters across different anaemia severity groups. Hb, MCV, MCH, MCHC, and
RDW showed statistically significant differences among the mild, moderate, and severe anaemia groups (p<0.001,
p=0.004, p<0.001, p<0.001, and p=0.010, respectively). Increasing anaemia severity lowered Hb, MCV, MCH, and
MCHC while increasing RDW. Both groups had similar RBC counts and PCV (p=0.639 and p=0.394).

Table 6: Comparison of selected parameters between iron-deficiency and non-iron-deficiency groups

Parameter Iron deficiency Non-iron deficiency P-value
Hemoglobin (g/dL) 7.72 +£1.62 7.80 = 1.49 0.797
Serum iron (pg/dL) 26.77 = 11.87 60.18 +£22.86 <0.001
Serum ferritin (ng/mL) 13.67 £6.73 48.41 = 18.89 <0.001
TIBC (ng/dL) 518.61 £ 70.69 427.55+59.03 <0.001
Transferrin saturation (%) | 5.35+2.46 1437 +£5.54 <0.001
RDW (%) 20.69 +4.48 19.86 +4.54 0.405
Severity of anaemia

Mild 10 (71.4) 4 (28.6)

Moderate 41 (67.2) 20 (32.8)

Severe 19 (76.0) 6 (24.0)

The haematological and iron parameters of iron-deficiency and non-iron-deficiency groups are compared in Table 6.
Significant differences in serum iron, ferritin, TIBC, and transferrin saturation were seen between groups (p<0.001),
with the iron-deficiency group exhibiting higher TIBC and lower serum iron, ferritin, and saturation. Hb and RDW
have not benn significantly different (p=0.797 and p=0.405). Iron deficiency was noted in 71.4% of mild, 67.2% of
moderate, and 76.0% of severe anaemia cases.

Table 7: Correlation between haematological and iron parameters

Variables Pearson r P-value
Serum iron vs Haemoglobin -0.11 0.384
Serum ferritin vs Haemoglobin -0.06 0.588
TIBC vs Haemoglobin 0.09 0.443
Serum iron vs Reticulocyte count -0.06 0.694
RDW vs MCV 0.02 0.812

Table 7 presents the correlation between haematological and iron parameters among the study participants. None of
the assessed variables showed a statistically significant correlation, as all p-values were >0.05. Serum iron, serum
ferritin, and TIBC showed weak correlations with Hb, while serum iron showed a weak negative correlation with
reticulocyte count (r = —0.06, p=0.694). RDW and MCV also revealed negligible positive correlation (r=0.02,
p=0.812).

DISCUSSION

Iron deficiency is still a significant nutritional cause of pediatric anaemia, as demonstrated by the current study of
children below five years old. Children below one year constituted the largest age group (38%), with a male
predominance (63%). This concentration of cases in infancy may reflect the increased iron requirements associated
with rapid growth during this period [1]. A similar pattern of younger age predominance and male preponderance was
reported by Dos Santos RF et al [15]. Moderate anaemia was the most frequent severity category (61%), followed by
severe (25%) and mild anaemia (14%), broadly comparable with the patterns reported by Indian studies like
Choudhary P et al. and Madoori S et al. [16,17].

70% of patients in this study had iron-deficiency anaemia. This result is aligned with Ozdemir N et al.’s finding that
the primary cause of childhood anaemia is iron deficiency [18]. Similarly, Modey SR et al. reported iron deficiency
in 76% of children with nutritional anaemia [10]. Thus, the predominance of IDA in the present study is broadly
comparable with existing studies, although variations may reflect differences in age groups and study populations.
The red-cell indices demonstrated a predominantly microcytic and hypochromic pattern, with an elevated RDW (20.44
+ 4.49%), consistent with iron-restricted erythropoiesis and findings reported in earlier Indian paediatric studies [19-
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21]. With increasing severity of anaemia, Hb, MCV, MCH, MCHC and RDW showed significant changes, whereas
RBC count and PCV did not. This indicates that increasing anaemia severity was more closely reflected by changes
in red-cell size, Hb content and size variability than by the red-cell count itself.

Hb and RDW didn't differ significantly between iron-deficient and non-iron-deficient groups (p=0.797 and p=0.405),
despite significant differences in serum iron, ferritin, TIBC, and transferrin saturation (all p<0.001). Iron deficiency
was also present across mild (71.4%), moderate (67.2%) and severe (76.0%) anaemia, indicating that the severity of
anaemia alone may not reliably predict iron deficiency. In contrast, Aulakh R et al. found significantly higher RDW
among children with IDA compared with non-IDA [22]. In children aged 1-3 years, RDW, especially when combined
with Hb, may help identify iron deficiency, according to Sazawal S et al. [23]. The difference may partly reflect the
mixed aetiological profile of the present cohort, in which RDW can also be influenced by other nutritional and
haematological disorders.

In contrast, the iron-profile parameters clearly distinguished the iron-deficient group, with lower serum iron, ferritin
and transferrin saturation and higher TIBC. These findings are comparable with those of Modey SR et al., who reported
low serum iron and ferritin with increased TIBC in children with nutritional anaemia and identified serum ferritin as
a useful marker of iron deficiency [10]. Ratnesh PK et al. similarly emphasised the value of combining haematological
and biochemical parameters for differentiating nutritional anaemias [8]. Thus, these findings suggest that while the
haemogram provides important clues regarding the morphological pattern and severity of anaemia, iron studies
provide additional information for identifying iron deficiency and should not be replaced by Hb or RDW alone.
Although the selected iron parameters did not show significant correlations with Hb or reticulocyte count in the present
study, the overall findings support a predominantly iron-deficient, microcytic pattern. Due to developmental
consequences of childhood iron deficiency, early recognition and treatment are essential. Early detection of iron
deficiency may help prevent the development of more severe anaemia and reduce its potential long-term effects when
combined with interventions such as appropriate breastfeeding practices and iron-rich complementary feeding.
Regardless of statistical analyses, this retrospective study at a single tertiary care centre may not be broadly applicable
because of a small sample size. This was also challenging to compare with age-matched children who did not have
anaemia due to the absence of a healthy control group. Because it was a retrospective study, the results also depended
on the completeness and accessibility of the information in the medical records.

CONCLUSION

Anaemia in young children remains an important clinical concern, with iron deficiency anaemia emerging as the
predominant aetiology in this study. A predominantly microcytic, hypochromic pattern with increased RDW was
observed, and several red-cell indices varied significantly with anaemia severity. Iron-profile parameters effectively
differentiated iron-deficiency from non-iron-deficiency anaemia. These findings support the value of combining
routine haemogram parameters with appropriate iron studies for early, practical and minimally invasive evaluation of
paediatric anaemia.
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