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Abstract  
 

Background and objectives: Iron deficiency anaemia is one of the most widespread 

micronutrient deficiencies in the world. Our goal was to investigate how Iron deficiency 

anaemia affects the haematological parameters and the psychosocial development of affected 

infants.  

 

Methods: A follow–up study was conducted from January, 2022 to September, 2022 at Heevi 

Paediatric Teaching Hospital in Duhok. A total of 58 children with Iron deficiency anaemia 

were involved in this study. Also, 58 children with normal iron status were recruited and served 

as control. The Ages & Stages Questionnaires®, Third Edition were used to evaluate the five 

areas of developmental progress of enrolled infants including gross motor skills, fine motor 

skills, adaptability, language skills, and social skills. 

 

Results: Study has found that Serum iron for patients with iron deficiency anaemia was (g/dL) 

20.82± 1.1 vs 77.8 ± 5 for control. Generally, patients scored lower blood count compared to 

control.Hence,All haematological parameters including haemoglobin, mean cell volume, mean 

cell haemoglobin, mean corpuscular haemoglobin returned to normal after 2month treatment. 

Both groups scores in the communication and gross motor domains were not statistically 

significant communication: 40±0.6 for patients vs. 42± 0.5 for controls, and gross motor: 48± 

1.7 for patients vs. 50± 1.5 for controls. Whereas, fine motor, problem solving, and social 

behaviour are other categories that were shown to have statistically significant low scores (p-

value ≤ 0.05): fine motor for patients was 36±1.2 vs. 48±1.5 for controls, problem solving was 

33±1.1 vs. 45±2.0 and social behaviour was 31.5% vs. 47.5% for the control group.  

 

Conclusion: These findings show that children with Iron deficiency anaemia have negative 

impact on fine motor, problem solving, Social-behaviour. 

 

Keyword: ASQ-3, Haematological parameters, Iron deficiency anaemia IDA, Social-

behaviour 

 

Introduction:  

The most prevalent nutritional issue 

worldwide is iron deficiency particular 

among infants as a result of combination of 

rapid growth and insufficient iron intake so  
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iron reserves are significantly depleted 

within the first year of life and it has been 

estimated that 5-25% of infants in high-

income countries and up to 50% in low-

income countries suffer from iron 

deficiency. 1-3 The World Health 

Organization (WHO) suggests that 

breastfeeding should be continued 

exclusively for the first six months of a 

baby's life. 1-2 Iron deficiency (ID) is a 

worry for certain infants who are 

exclusively breastfed (EBF) before the age 

of six months, particularly in communities 

who are prone to the condition. 1-2The 

presence of ID in infants has been 

associated with slower psychomotor 

development, and it may also impact 

immunological function.3 

When it comes to many metabolic 

processes, including oxygen transportation, 

synthesis of nucleic acids, and the transport 

of electrons, depend on iron thus ferrous 

deficiency during infancy can affect both 

growth potential and psychomotor 

development.4 A lack of iron may impair an 

infant's cognitive, motor, and behavioural 

growth, and this impairment may last even 

after the iron level has restored to normal. 

Poor motor skill coordination, behavioural 

problems at home and school, and low 

academic achievement are all long-term 

effects of iron deficiency in infants.5 High-

risk individuals treated with iron have 

improved psychomotor and cognitive 

development and fewer psychiatric issues. 6 

When it comes to the link between nutrition 

and brain development, the first two years 

of life are very important 7 .The tool that 

should be used to assess the developmental 

progression of any infants, should be 

characterized by certain properties 

including; ease-of-use-, parent centric 

approach, non-invasive, applicable to early 

ages in order to detect any impending 

defects, not time consuming, that is why 

Ages & Stages Questionnaires®, Third 

Edition (ASQ®-3) had been used in the 

current study. 7 

Our aim of conducting this study was to 

evaluate the possible impact of iron-

deficiency anaemia (IDA) on the infants’ 

development and the relation of impaired 

development to haematological parameters. 

Therefore, we conducted follow-up 

research to assess the impact of IDA on the 

psychosocial development of infants. 

 

Patients and methods      

Patients were enrolled if they met the 

following criteria for IDA: a low level of 

CBC. Low hematocrit (Hct %), low serum 

ferritin .While exclusion include, Infants 

and children who have a history of being 

born prematurely or who are too small for 

their age. Children and babies who are 

suffering from protein/calorie malnutrition, 

rickets, malabsorption, liver disease, renal 

insufficiency, or any kind of anemia are 

said to have a chronic systemic ailment. 

So, from January 2022 to Sep 2022, a 

follow-up study was undertaken at Hivee 

Pediatric Teaching Hospital in Duhok/Iraq. 

The hospital includes facilities for 

diagnosing, treating, and monitoring iron 

deficiency anaemia. 

The current study included a total of 58 

infants that are suspected to have IDA plus 

their parents help to achieve this study 

because it needs a serial of question to be 

answered in ASQ-3, manual aged 6-12 

months with IDA as well as other 58 age 

matched infants without iron deficiency, 

served as controls. Infant born prematurely 

were excluded from the current study while 

race, religion, or socioeconomic 

backgrounds were not factors taken into 

consideration.  

A Hb concentration of less than 11.0 g/dL 

are considered to have anemia, according to 

the 1999-2002 United States National 

Health and Nutrition Examination Survey.8 

At first a verbal consent was taken from all 

parents and the study was approved by 

scientific committee at Kurdistan Higher 

Council of Medical Specialties and ethical 

committee at Duhok directorate of health. 

Blood was drawn via venepuncture from 
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either the antecubital or dorsal veins and 

dispensed into appropriate tubes 

(dipotassium EDTA anticoagulant and gel 

tubes) for measuring haematological 

[Complete blood count (CBC), 

reticulocytes] and biochemical parameters 

[iron, Total iron binding capacity (TIBC) 

and ferritin] using automated methods 

(Swelabo for haematological parameters 

and Cobas 6000 for biochemical 

investigations) with daily calibration to 

assure the validity of the results. 

The Ages & Stages Questionnaires®, Third 

Edition (ASQ®-3) ASQ-3 was used in the 

current study due to its ease of 

administration, parent-centric approach and 

broad applicability across a variety of 

demographics.7-8 Five areas of performance 

were examined using the ASQ-3 in English 

version. The questionnaire form includes l 

domains in children's play: gross motor 

(movements of the arms, legs, and torso), 

fine motor (movements of the hands and 

fingers), Communications, problem 

solving, and personal-social development 

(play in groups and alone) (learning and 

understanding). Finally, numerical ratings 

as 10 for YES, 5 for some times and zero 

for No were applied. 

off score with particular attention to the 

most affected area .Prior to enrolment, all 

After filling the questionnaire by the 

parents, scoring and analysis done to find 

affected children with reference to the cut-

individuals provided written informed 

consent from Heevi Paediatric Teaching 

Hospital in Duhok. 

The results were presented in the form of 

means ± standard deviation (SD). One-way 

analysis of variance (ANOVA), followed 

by the paired t-test, to perform statistical 

comparisons between the groups, and p-

values of less than ≤ 0.05 were considered 

to be statistically significant. 

 

 Results   
Table (1) compares biochemical and 

haematological parameters between IDA 

patients and controls. When compared to 

control patients, an infant with IDA had 

significantly lower results across the board. 

As anticipated, IDA patients' blood ferritin 

levels were significantly lower than those 

of controls (p value ≤ 0.01), as were their 

RBC count, haemoglobin level, 

haematocrit (Hct), mean corpuscular 

volume (MCV), mean corpuscular 

haemoglobin (MCH), and mean 

corpuscular haemoglobin concentration 

(MCHC). RBC distribution width (RDW) 

was greater in the IDA group compared to 

the other groups (p value ≤ 0.01).                                              

 

 

Table (1): Changes in haematological and biochemical laboratory values of among infants with 

iron deficiency anaemia (IDA) compared to normal infants. 

 
Parameter IDA infants 

(n=58) 

Control 

(n=58) 

p value Patient after 2 

months treatment 

p value 

RBC (M/µL) 4.31 ± 0.14 4.87 ± 0.05 <0.05 4.85 ± 0.05 0.041 

Hb (g/dL) 9.7 ± 0.3 13.5 ± 0.2 <0.011 11.5 ± 0.2 <0.01 

Hct (%) 28.7 ± 0.7 38.0 ± 0.5 <0.031 36.0 ± 0.5 0.03 

MCV (fL) 64.7 ± 1.1 78 ± 0.5 <0.041 76 ± 2 0.03 

MCH (pg) 22.4 ± 0.5 28± 0.2 <0.023 28± 0.2 <0.01 

MCHC (g/dL) 33.6 ± 0.4 36.2 ± 0.6 <0.011 36.2 ± 0.6 <0.01 

RDW (%) 16.2 ± 0.5 12.6 ± 0.2 <0.01 12.6 ± 0.2 <0.01 

Reticulocyte count 3.80 ±0.3 2.6 ± 0.2 <0.051 2.6 ± 0.2 0.04 

Serum iron(g/dL) 20.82± 1.1 77.8 ± 5 <0.01 76.8 ± 5 0.013 

TIBC (µg/dL) 400 ± 20 270 ± 25 <0.01 250 ± 25 0.014 

TS% 5.3±3.5 26.9±6.2 <0.01 30.72±6.2 <0.001 

Ferritin (ng/mL) 6.9 ± 0.6 64.1 ± 5 <0.01 25.1 ± 5 0.011 
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Iron deficiency anaemia (IDA) .RBC: Red 

blood cell; MCV: mean corpuscle volume; 

MCH: mean corpuscle haemoglobin; 

MCHC: mean corpuscular haemoglobin 

concentration; RDW: red cell distribution 

width. Total iron binding capacity: TIBC. 

TS: transferrin saturation. Results are 

expressed as means ±SD; n: 58, (p value ≤ 

0.05) statistically significant. 

Table (2) shows the results of the ASQ-3 

questionnaire used by the parent to 

document their child's development. The 

ASQ-3 comprises five subdomains, each 

with six items and a maximum score of 60, 

for a total score of 300 and higher scores 

indicate more developmental milestones 

reached. In the current study, the domains 

of communication and gross motor 

performance did not show statistically 

significant differences with p values > 0.05 

for either domain; however, the domains of 

fine motor, problem-solving (36, 33, and 

31, respectively, for IDA, compared to 48, 

45, and 47, respectively, for control). 

 

Table (2): Age Sex Questionnaire (ASQ) Category and Result Scores 

 

Area Cut-off IDA Overall score 

(n=58) 

Control 

Overall score (n=58) 

p value 

Communication 33.6 40± 0.6 42± 0.5 0.4 

Gross Motor 30.61 48± 1.7 50± 1.5 0.6 

Fine Motor 40.15 36± 1.2 48± 1.5 0.032 

Problem Solving 36.17 33± 1.1 45± 2 0.02 

Personal-Social 35.84 31±1.5 47± 0.5 0.017 

 

Iron deficiency anaemia (IDA). Results are 

expressed means ±SD; n 58; (p value ≤ 

0.05) significant. 

The results of treating infants and young 

children with iron sulphate for two months 

also are shown in Table (3). As it 

demonstrates, every parameter measured in 

this study showed a significant recovery, 

with the exception of ferritin, TIBC, and 

transferrin saturation, which showed a 

modest but significant recovery. 

Following 2 months of oral iron therapy in 

table (3), Supplementation of iron with 

subsequent correction of RBCs count, Hb., 

HcT, MCV, MCH, MCH, and ferritin bring 

about upward scoring value of all domains 

particularly of the affected domains as 

shown in Table( 3). Even area previously 

normal domains as compared to that of 

control including communication and gross 

motor domains show significant changes 

following iron supplementation. 

 

Table (3): Age Sex Questionnaire (ASQ) for children with IDA after 2 months of iron therapy. 

 

Area Cut off IDA 

Overall score 

IDA after 2 months of iron 

therapy 

p value 

Communication 33.6 40± 0.6 43.6± 0.4 0.04 

Gross Motor 30.61 48± 1.7 54.32± 1.1 0.009 

Fine Motor 40.15 36± 1.2 44.2± 0.9 0.043 

Problem Solving 36.17 33± 1.1 41.6 ± 1.3 0.04 

Personal-Social 35.84 31±1.5 39.14± 0.5 0.038 

Iron deficiency anaemia (IDA). Results are expressed means ±SD; n 58; (p value ≤ 0.05) 

significant. 
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Discussion 
Many different appraisal tools are available 

to assess the development of the infants.  

The tool that has been utilized in the current 

study to evaluate the developmental 

progress in enrolled infants is the ASQ®-3. 

Which is the most widely used across many 

countries because of its high validity, 

reliability, accuracy, cost effectiveness, 

easy of scoring (in just minutes), utilization 

in unmatched sample of diverse children, a 

great way to partner with parents and make 

the most of their expert knowledge, and 

finally because of fun and engaging for 

kids.8-9 Also, evidence showed that 

assessment of the earlier development 

associated with the greater the chance of 

affected children to reach his or her 

potential. 10 

Iron is essential for infant and child 

neurologic development. Studies have 

shown that iron is required for proper 

neuro-myelinization, neurogenesis, and 

brain cell differentiation, all of which can 

affect sensory systems, learning, memory, 

and behaviour. Iron is indeed a cofactor for 

enzymes involved in the synthesis of 

neurotransmitters.11-12 Not surprisingly, 

Iron deficiency anaemia, one of the world's 

most common nutrient deficiencies, affects 

roughly one-third of the world's population. 
13 

In our observations, comparable RBCs 

indices to those made by Janus, 14 and 

Aulakh, 15 who found that the average 

MCV was 74 fl, the average MCH was 20 

pg, the average MCHC was 28 percent, and 

the average haemoglobin was 7.6 g/dL in 

IDA patients.14-15In this study, the mean 

value of serum iron in infant with IDA was 

20.82g/dL, which was much lower than the 

value in the control group, which was 

77g/dL. In a study done on child patients, 

the mean was found to be 22.7g/dL, which 

is very close to what we found. Interesting 

result can be found with Total iron binding 

capacity TIBC 400µg/dL in IDA 

participant this result come into agreement 

with study conducted by Lee and his 

colleague were found 413.6 𝜇g/dL, 

Research have proven that TIBC is linked 

with IDA.16-17 

Brotanek et al. employed transferring 

saturation, free erythrocyte protoporphyrin, 

and serum ferritin levels as their primary 

IDA predictors. Domell of et al. also used 

standard IDA markers, such as 

haemoglobin, mean corpuscular volume 

(MCV), and ferritin. But they also looked at 

other markers like zinc protoporphyrin 

saturations and transferrin saturations. In 

our study ferritin recorded were recorded at 

(6.9 ng/mL) in IDA infant which are very 

similar to other paper conducted by 

Brotanek. 18 

The impact of anaemia on children's brain 

and behaviour development may be linked 

to the fact that anaemia causes haemoglobin 

to carry less oxygen to the brain and slows 

down the body's energy metabolism; also it 

may be linked to cellular iron deficiencies 

other than heme like enzymes.19-20 Our 

findings are backed up by data from other 

studies that show relationships between low 

IDA and child behaviour in term of 

communication and problem solving and 

child behaviour 21. In accordance with our 

findings, Mehner 22 and his team found in 

their research child with IDA deficiency 

developed impaired fine motor, solving 

problem and abnormal behaviour compared 

to non-anaemic child. 22 

Studies have shown that IDA during the 

first two years of life is associated with 

impaired psychomotor development and 

behavioural abnormalities. It has been 

demonstrated that these effects continue 

after several months of iron therapy, 

disregarding correction of all iron dietary 

parameters. 23 The outcomes of this 

examination demonstrate that aberrant 

ASQ-3 scores were widespread across three 

domains in children from Duhok region. 

According to finding, all haematological 

parameter was returned to normal level 

with ex caption of little effect on ferritin 

level after 2-month treatment. studies have 

proven that longer period of treatment 
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needed for whole recover of ferritin level, 

researcher have also argued that 2-3 month 

are good duration for oral iron sulphate 

substitution. 24 

Conclusion  

Iron deficiency anaemia associated with 

long-term consequences on mental and 

cognitive abilities, thus monitoring and 

early supplementation of iron is 

recommended in early infancy to prevent 

long term psychosocial sequalae. 
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