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ABSTRACT

Aim To determine the frequency of iron deficiency anemia IDA, its causes, feeding behaviors, and preven-
tive measures among children under the age of two.

Methods This cross-sectional study included 110 children presenting with IDA and compared them with
100 children with normochromic normocytic anemia as the comparison group.

Results Pallor was observed in all patients. Other symptoms included lethargy (83%), anorexia (65%), sple-
nomegaly (27%), delayed milestones (25%), and heart murmurs (30%). The majority of affected children
were aged 9—12 months and had weights below the 5th percentile. A strong correlation was found between
feeding type and IDA, with highest prevalence in children not receiving milk-based diets. Hemoglobin and
serum iron levels were significantly reduced in IDA patients.

Conclusion The study’s findings suggest that factors like starting foods early or not getting enough iron
from diet or formula milk can increase the risk of iron deficiency anemia (IDA) in children between 9 to 12
months old. This research highlights the role of nutritional strategies like appropriate weaning methods and
iron supplementation, in averting IDAs and related health issues.
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INTRODUCTION

Iron deficiency anemia (IDA) is the most prevalent form of ane-
mia among children and young children (1). It appears frequently
in children below the age of two years which’s a stage for their
growth and development. During this period the need for iron
surges due, to growth and if there isn’t iron consumed or absorbed
through diet it can result in iron deficiency anemia (2). The illness
is known for causing a decrease, in hemoglobin production that
hinders the delivery of oxygen and can lead to symptoms such,
as tiredness slowed physical and mental growth and additional is-
sues (3). Iron deficiency, in neonates can occur when the amount
of stored iron in their bodies is not enough to meet their growth
needs during stages like infancy and adolescence Physiological
factors play a significant role in this deficiency since growth is
most rapid during these life stages making children and teenagers
more vulnerable, to iron deficiency anemia (4).

The reasons, for iron deficiency anemia (IDA) in kids are varied.
They Include factors like not getting iron through food intake or
having trouble absorbing it properly due to issues like parasitic
infections or long-term illnesses like chronic diseases or condi-
tions that may be present in some instances too (5). Recogniz-
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ing and addressing IDAs soon is crucial to prevent impacts it
can have particularly affecting their growth and developmental
stages. Diagnosing IDAs typically involves looking out for signs
like paleness in the skin tone of children along with symptoms
such as being easily irritable and delays in development along-
side conducting tests, like measuring levels of hemoglobin and
hematocrit in laboratory examinations (6,7). It’s suggested be-
gin iron supplements not before 2 months for neonates and 4
months old for full term neonates (7,8). Infants born prematurely
or with low birth weight are more likely to develop iron deficien-
cy anemia due to their limited iron storage and reduced ability
to absorb iron from breast milk. When they reach six months of
age and begin including iron-rich solid foods in their diet, it is
recommended to avoid giving them cow’s milk, as it lacks suffi-
cient iron and may interfere with its absorption (9-11).

There is lack of information on the prevalence of iron deficiency
anemia (IDA). Feeding habits in children under two years old,
in the local area offering a fresh outlook by connecting clinical
signs with biochemical measures and treatment outcomes.

The aim of this study was to investigate the prevalence and spe-
cific features of iron deficiency anemia in children under two
years old through observing symptoms and physical assessments.

PATIENTS AND METHODS

Patients and study design

This cross-sectional study was conducted from March Ist to
October 15th, 2024, and included 110 children under two years
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of age who were clinically and biochemically diagnosed with
iron deficiency anemia (IDA). A structured questionnaire and
clinical assessment were used to evaluate patient symptoms,
dietary habits, and growth status. Children were selected based
on low hemoglobin and serum iron level, and all underwent
laboratory confirmation before inclusion.

The study group consisted of 110 children diagnosed with IDA
based on laboratory criteria (hemoglobin < 6 g/dL and serum
iron < 30 pg/dL), clinical signs, and exclusion of other causes
such as thalassemia. The comparison group including 100 chil-
dren with normochromic normocytic anemia (a type of anemia
not related to iron deficiency) used for comparative purposes
in certain hematological assessments.

Participants were divided into four groups based on feeding
type: breastfeeding (exclusive natural feeding), artificial feed-
ing (exclusive formula milk), mixed feeding (combination
of breastfeeding and formula), mixed diet (inclusion of solid
foods along with milk/formula).

Cut-off (12) values for diagnosis were used as follows: hemo-
globin level - IDA was defined when Hb < 6 g/dL, indicat-
ing moderate to severe anemia; serum iron level - IDA was
confirmed with level < 30 pg/dL; total Iron Binding Capacity
(TIBC) - was used as a biochemical marker of iron deficiency
(12). TIBC is a laboratory measurement that reflects the maxi-
mum amount of iron that plasma transferrin can bind. Elevated
TIBC level is typically seen in iron deficiency anemia, and in
this study, the most frequent value was 170 pmol/L, indicating
significant iron depletion.

Children with non-nutritional causes of anemia, such as thal-
assemia (confirmed by hemoglobin electrophoresis and ferritin
levels), or those with normal iron status despite anemia, were
excluded from the study group. Children with hemoglobin <7
g/dL received transfusions before beginning oral iron therapy
(3—6 mg/kg/day elemental iron).

The parents of the children were interviewed systematically to
collect data, on their eating habits and health status.

Methods

Each participant underwent a assessment to detect symptoms
linked to IDA. The evaluation involved checking for indica-
tors, like paleness in skin coloration or lips (pallor) inflam-
mation of tongue (glossitis) abnormal heart sounds during
heartbeat (murmurs) delayed progress in gross motor skills.
The manifestations such, as irritability, loss of appetite (an-
orexia) and craving to eat food items (pica) were also taken
into consideration.

The research examined how children with iron deficiency
anemia (IDA) responded to a one-month treatment plan us-
ing oral ferrous sulfate. The prescribed dosage was 3—6 mg/
kg/day of elemental iron, given once or twice daily, follow-
ing pediatric guidelines for IDA (13). Patients were followed
up for signs of improvement, such as increased hemoglobin
level, reduced fatigue, and improved skin color. Five children
who did not show expected clinical or blood test improve-
ments underwent further evaluation, including hemoglobin
electrophoresis (14) and serum ferritin testing (15). These
tests confirmed that they had thalassemia, not nutritional
IDA, so they were excluded from the study group. Addition-
ally, five other patients had normal iron levels despite being
anemic, suggesting that their anemia was not due to iron de-
ficiency and they were also excluded from the study. Some
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patients with severe IDA (with hemoglobin below 7 g/dL)
needed blood transfusion before starting iron therapy to sta-
bilize their condition.

Statistical analysis

The research employed both inferential techniques and de-
scriptive methods in its analysis approach. The descriptive
statistics focused on presenting participants’ characteristics
and feeding habits using measures like frequencies, per-
centages, means, and percentiles to provide a clearer view
of the data distribution. Inferential statistics, such as the
x* test, were used to explore associations between feed-
ing practices and the prevalence of iron deficiency anemia
(IDA), as well as to identify any significant differences in
IDA occurrence across different age groups. To compare
hemoglobin and serum iron levels among different groups,
independent T-tests and one-way ANOVA were utilized
where appropriate. A significance threshold of p<0.05 was
considered statistically significant.

RESULTS

Among the 110 patients diagnosed with iron deficiency ane-
mia (IDA), pallor was observed in 100% of cases, making it
the most consistent clinical sign. Lethargy was reported in
91 (84%), followed by anorexia in 73 (66%) and irritabili-
ty (inutility) in 66 (60%) children. Other noted symptoms
included heart murmur (27%), pica (26%), splenomega-
ly (24%), and delayed developmental milestones (22%).

Table 1. Distribution of age groups, clinical signs, and body
weight centiles in patients with iron deficiency anemia (IDA)

Variable No (%) of children
Age Group (months)

1-8 5(4.5)
9-12 35(32)
13-16 20 (18)
17-21 33 (30)
22-24 17 (15)
Clinical signs and symptoms

Pallor 100 (90.9)
Lethargy 84 (76.4)
Anorexia 66 (60.0)
Irritability 60 (54.5)
Heart murmur 27 (24.5)
Pica 26 (23.6)
Splenomegaly 24 (21.8)
Delayed milestones 22 (20.0)
Atrophy of tongue papillae 20 (18.2)
Koilonychia 14 (12.7)
Cardiac dilatation 4(3.6)
Heart failure 2(1.8)
Body weight centile range

>50th 4 (3.6)
10th—50th 6(5.5)
5th—10th 20 (18.2)
<5th 70 (63.6)




Less common findings included atrophy of tongue papil-
lae (20%), koilonychia (14%), cardiac dilatation (4%), and
heart failure (2%).

In terms of growth status, a significant proportion, 77 (70%)
children, fell below the 5th weight percentile, indicating a strong
association between IDA and undernutrition. The age group
most affected was 9—12 months, 35 (32%), highlighting this as
a critical period for early detection and intervention (Table 1).
A strong association was found between type of feeding and
IDA prevalence, with non-milk diets accounting for 77 (70%)
of affected cases (Table 2).

Table 2. Distribution of patients by feeding type

Feeding type No (%) of children
No milk (milk diet) 42 (61.8)
Mixed 30 (45.4)
Breastfeeding 22 (32.0)
Artificial 36 (52.7%)

Most patients had hemoglobin level <6 g/dL and serum iron
<30 pg/dL, reflecting severe anemia (Table 3 and 4).

Table 3. Distribution of patients by hemoglobin level

No (%) of children
6 8(7.3)
5 15 (13.6)
4 20 (18.2)
3
2
1

Hemoglobin level (gm/dL)

22 (20.0)
21 (19.1)
24 (21.8)

Table 4. Distribution of patients by serum iron level

No (%) of children
6 5(4.5)
5 10 (9.1)
4 7(6.4)
3
2
1

Serum Iron Level (umol/L)

5(4.5)
41 (37.3)
43 (39.1)

Variability in total iron binding capacity (TIBC) level was also
observed, with the highest frequency at 170 umol/L (Table 5).

Table 5. Distribution of patients by total iron binding capacity
(TIBC) level

TIBC Level (umol/L) No (%) of children
200 6 (5.5)

180 13 (11.8)

170 20 (18.2)

150 7(6.4)

140 10 (9.1)

120 11 (10.0)

90 3(2.7)
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DISCUSSION

The study’s observations of iron deficiency anemia (IDA)
emphasize the diversity of symptoms associated with the
condition, ranging from mild to severe manifestations. These
findings align with existing literature highlighting the impact
of iron deficiency on health, both immediate and long-term.
Pallor, found in all participants, remains a key diagnostic in-
dicator, resulting from reduced oxygen transport due to low
hemoglobin (11,12).

Lethargy, observed in 83% of patients, further supports the
link between anemia and decreased energy and physical ca-
pacity (12). Anorexia, present in 65% of cases, is consistent
with gastrointestinal disturbances caused by iron deficiency,
which further exacerbates nutritional deficits (13). Delayed
milestones in 25% of children underscore iron’s crucial role
in neurodevelopment and motor skills, reinforcing the need for
early diagnosis and management (1).

Splenomegaly, found in 27% of cases, may result from in-
creased clearance of defective red blood cells in prolonged
anemia (14). Additionally, 61% of children showed poor func-
tional ability due to weakness and fatigue. Heart murmurs in
30% of cases could indicate the cardiovascular system’s adap-
tation to chronic hypoxia (15).

Pica was reported in 30% of the children, a behavioral symp-
tom often associated with iron deficiency and disturbed appe-
tite regulation (16,17). Atrophic tongue papillae (27%) and
koilonychia (18%) further reflect systemic effects of chronic
iron deficiency on epithelial tissues (18,19).

Cardiac complications like dilatation (5%) and heart failure
(3%) may reflect severe and prolonged anemia, leading to
compensatory strain on the heart muscle (20).

The age group analysis revealed a peak in IDA prevalence at
9-12 months (25%), coinciding with depleted neonatal iron
storage and suboptimal dietary iron intake during weaning
(21). Lower IDA prevalence at 1-8 months (4%) was likely
due to adequate iron in breast milk and/or fortified formulas.
The IDA rise in prevalence at 13—21 months may be attributed
to poor weaning practices, while the decline at 22—-24 months
(13%) may reflect improved feeding practices or maternal edu-
cation. These patterns highlight the need for targeted nutrition-
al support during dietary transitions (22).

Our findings further indicate a strong correlation between feed-
ing type and IDA risk. Children on non-milk- or cow’s milk-
based diet exhibited the highest rates of anemia. Cow’s milk is
low in iron and may inhibit absorption or cause gastrointestinal
blood loss (23,24). In contrast, exclusive breastfeeding for six
months appears protective, though prolonged exclusivity with-
out iron-rich food introduction may increase risk (25).

The observed hemoglobin level (especially 1-3 g/dL) high-
light the severity of anemia in our patients and the need for
urgent interventions like iron supplementation or transfusion.
Level between 4-6 g/dL also point to moderate anemia requir-
ing monitoring and dietary correction (1).

Variations in TIBC values, with peaks around 170 pmol/L,
support the diagnosis of IDA and reflect varying iron status
among patients. Elevated TIBC is a hallmark of iron depletion,
requiring tailored interventions to address dietary and physio-
logical causes (26).

IDA continues to be an issue that affects young children
under the age of two and can be avoided with proper care
and attention to nutrition practices such as introducing iron
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rich foods and supplements in a timely manner as preventive
measures are essential for ensuring the wellbeing of these
children in the long run, through early detection and neces-
sary actions to address any developmental concerns that may
arise over time.

ACKNOWLEDGMENT

The participants in this study would like to express their grat-

REFERENCES

1. Kumar SB, Arnipalli SR, Mehta P, Carrau S, Ziouzenko-
va O. Iron deficiency anemia: efficacy and limitations of
nutritional and comprehensive mitigation strategies. Nu-
trients 2022; 14(14):2976.

2. Jouanne M, Oddoux S, Noél A, Voisin-Chiret AS. Nutrient
requirements during pregnancy and lactation. Nutrients
2021; 13(2):692.

3. Wagh D, Kanase S, Balid A, Fulari S, Bhosale A, Wad-
kar S, et al. A brief review on anemia. Int J Sci R Tech.
2024;1(12).

4. Reid BM, East P, Blanco E, Doom JR, Burrows RA, Cor-
rea-Burrows P, et al. Early-life adversity is associated
with poor iron status in infancy. Dev Psychopathol 2023;
35(4):1856-67.

5. Mantadakis E, Chatzimichael E, Zikidou P. Iron deficien-
cy anemia in children residing in high- and low-income
countries: risk factors, prevention, diagnosis and therapy.
Mediterr J Hematol Infect Dis. 2020;12(1).

6. Roshanzadeh G, Sadatmahalleh SJ, Moini A, Mottaghi
A, Rostami F. The relationship between dietary micronu-
trients and endometriosis: a case-comparison study. Int J
Reprod Biomed 2023; 21(4):333.

7. Sundararajan S, Rabe H. Prevention of iron deficien-
cy anemia in children and toddlers. Pediatr Res 2021;
89(1):63-73.

8. Hoque M, Emon K, Malo PC, Hossain MH, Tannu SI, Ro-
shed MM. Comprehensive guide to vitamin and mineral
sources with their requirements. Indiana J Agric Life Sci
2023; 3(6):23-31.

9. Alabdaly YZ. Effect of diclofenac on the pharmacoki-
netics of ciprofloxacin in quail. Iraqi J Vet Sci 2021;
35(4):777-81.

10. Miniello VL, Verga MC, Miniello A, Di Mauro C, Di-
aferio L, Francavilla R. Complementary feeding and iron
status: “the unbearable lightness of being” children . Nu-
trients 2021; 13(12):4201.

11. Henrie R, Cherniawsky H, Marcon K, Zhao EJ, Marinkov-
ic A, Pourshahnazari P, et al. Inflammatory diseases in
hematology: a review. Am J Physiol Cell Physiol 2022;
323(4):C1121-36.

12. Addo OY, Emma XY, Williams AM, Young MF, Sharma
Al, Mei Z, Kassebaum NJ, Jefferds ME, Suchdev PS.
Evaluation of hemoglobin cutoff levels to define anemia
among healthy individuals. JAMA Netw Open 2021;
4(8):¢2119123-.

286

itude to all those who contributed to the completion of this
research.

FUNDING

No specific funding was received for this study-

TRANSPARENCY-DECLARATION-

Conflicted interest: None to declare.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rehman T, Agrawal R, Ahamed F, Das S, Mitra S, Kumar
D, et al. Optimal dose and duration of iron supplementa-
tion for treating iron deficiency anaemia in children and
adolescents: A systematic review and meta-analysis. PloS
One 2025; 20(2):¢0319068.

Hasan MN, Fraiwan A, An R, Alapan Y, Ung R, Akkus A,
et al. Paper-based microchip electrophoresis for point-of-
care hemoglobin testing. Analyst 2020; 145(7):2525-42.
Daru J, Colman K, Stanworth SJ, De La Salle B, Wood
EM, Pasricha SR. Serum ferritin as an indicator of iron
status: what do we need to know?. The American journal
of clinical nutrition. 2017; 106:1634S-9S.

Shah HE, Bhawnani N, Ethirajulu A, Alkasabera A, Ony-
ali CB, Anim-Koranteng C, et al. Iron deficiency-induced
changes in the hippocampus, corpus striatum, and mono-
amines levels that lead to anxiety, depression, sleep disor-
ders, and psychotic disorders. Cureus 2021; 13(9).
Alabdaly YZ. Neurobehavioral evaluation of quail treat-
ed with omega-3 and chlorpyrifos. Iraqi J Vet Sci 2023;
37:245-50.

Rodd BG, Tas AA, Taylor KDA. Dysphagia, texture mod-
ification, the elderly and micronutrient deficiency: a re-
view. Crit Rev Food Sci Nutr 2022; 62(26):7354-69.
Muddasani S, Lin G, Hooper J, Sloan SB. Nutrition and
nail disease. Clin Dermatol 2021; 39(5):819-28.

Noble RM, Holody CD, Woodman AG, Nie C, Liu SN,
Young D, et al. Perinatal iron restriction is associat-
ed with changes in neonatal cardiac function and struc-
ture in a sex-dependent manner. Clin Sci (Lond) 2023;
137(15):1115-30.

Shubham K, Anukiruthika T, Dutta S, Kashyap AV, Moses
JA, Anandharamakrishnan C. Iron deficiency anemia: a
comprehensive review on iron absorption, bioavailability
and emerging food fortification approaches. Trends Food
Sci Technol 2020; 99:58-75.

Riedel SN. Optimizing growth and development: a nutri-
tional biochemical approach to pediatric health [disserta-
tion]. Rijeka, Croatia: Univ Rijeka; 2024.

Jiang S, Huang X, Zhang L, Han J, Yang Y, Wang W. Es-
timated survival and major comorbidities of very preterm
children discharged against medical advice vs treated
with intensive care in China. JAMA Netw Open 2021;
4(6):¢2113197.



Rasool et al. Iron deficiency in children

24. Moscheo C, Licciardello M, Samperi P, La Spina M, Di  25. Webber E, Wodwaski N, Courtney R. Using simulation

Cataldo A, Russo G. New insights into iron deficiency to teach breastfeeding management skills and improve
anemia in children: a practical review. Metabolites 2022; breastfeeding self-efficacy. J Perinat Educ 2021; 30(1).
12(4):289. 26. Almashjary MN. Reticulocyte hemoglobin content: ad-

vancing the frontiers in Iron-deficiency Anemia diagnosis
and management. J Applied Hem 2024; 15(1).

Publisher’s Note Publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations

287



