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ABSTRACT  

Background: Iron deficiency anemia (IDA), is the most common micronutrient deficiency in the world especially in 

children. It is important to early manage IDA and follow up iron therapy response to minimize later on complications. 

Purpose: The authors aimed to determine the demographic, clinical and laboratory indicators for the response to oral 

iron therapy in Egyptian children with iron deficiency anemia.  

Patients and Methods: This cross-sectional study conducted at Helwan University Hospital at Badr city, Egypt on 48 

Egyptian children with (IDA) aged 1-7 years.  Children received oral iron in a daily dose of 6 mg/kg/day elemental 

iron for 3 months. Children who showed increased hemoglobin level at follow up were included. Complete blood 

count was included from the patient files and serum ferritin levels before and after iron therapy.  

Results: Following oral iron therapy, the hemoglobin, mean platelet volume, and ferritin values showed a significant 

increase, while red cell distribution width showed a significant decrease. Children with range 2-4 weeks of therapy the 

response was < 1 gm and children with 2-5 weeks range of iron therapy the response was > 1 gm.  

Conclusions: The study revealed that the longer duration of oral iron therapy was associated with good response. The 

hemoglobin, mean platelet volume and ferritin values showed a significant increase following oral iron therapy, while 

red cell distribution width values showed a significant decrease. In our results there was no laboratory parameter can 

predict the response to oral iron therapy.  
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INTRODUCTION 

Anemia is considered the most common 

hematological disorder in the world.  Children under 5 

years old and school children are considered one of the 

most affected groups with anemia. About 42% of those 

preschool children are anemic, developmental delay 

and behavioral problems are considered some of the 

anemic problems that appear in preschool children (1).  

Iron deficiency anemia (IDA), is the most 

common single micronutrient deficiency in the world. 

Iron deficiency (ID) is responsible for Up to 50% from 

all types of anemia. Anemia caused by ID is the most 

prevalent type in developed and developing countries 
(2). Iron plays essential role in many functions 

including growth and development. ID impairs motor, 

cognitive, and immune system development and leads 

to long term developmental delay if left untreated.  The 

most common causes of ID in children include 

inadequate dietary intake together with rapid growth, 

blood loss and malabsorption disorders (3).  

Oral iron therapy is the preferred treatment 

options because it is effective, inexpensive and has 

minimal side effects. The success of oral iron therapy 

is usually evaluated by monitoring multiple clinical 

and hematological parameters such as hemoglobin 

level, mean corpuscular volume (MCV), red cell 

distribution width (RDW), reticulocyte count, mean 

platelet volume (MPV) and serum ferritin. These 

parameters improve sequentially over time and their 

monitoring help to predict the response and improve 

the effectiveness of treatment (4).  

 

Response to oral iron therapy varies depending 

on severity of anemia, adherence to treatment, and 

health status. Generally, showing improved 

hemoglobin (Hb) levels about 1 g/dl within two to four 

weeks of starting treatment is considered a good initial 

response (5,6).  Iron therapy can elevate MCV in those 

with IDA because iron plays a crucial role in 

hemoglobin production, influencing the size and 

volume of red blood cells. As iron levels rise due to 

therapy, red blood cells expand in size, resulting in an 

MCV increase, it may take few months to return to 

normal (7). Red blood cell distribution width reflects 

the variation in the size of circulating erythrocytes. 

After iron therapy the bone marrow begins producing 

new red blood cells (RBCs) so RDW initially increases 

then it starts to normalize as RBCs become more 

uniform in size. This may take several weeks to 

months to normalize (8).  

The mean platelet volume represents the 

thrombocyte size. MPV may be elevated in IDA then it 

normalizes after iron therapy indicating the release of 

young, large, and active platelet to the circulation (9).  

    Serum ferritin is an indicator of total body 

iron stores, in the initial states of therapy it remains 

low. With iron therapy iron stores are replenished and 

serum ferritin is increased. Serum ferritin is essential 

marker for long term monitoring for iron therapy (10).  

Evaluating these parameters for monitoring 

response to oral iron therapy is needed to adjust 

treatment and optimizing management of IDA. 
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Therefore, this study aimed to determine the 

demographic, clinical, and laboratory indicators for the 

response to oral iron therapy in Egyptian children with 

iron deficiency anemia. 

 

PATIENTS AND METHODS 

This cross-sectional study was conducted at 

Helwan University Hospital in Badr City, Egypt, on a 

convenient sample of 48 Egyptian children with IDA 

aged 1-7 years. Participants were recruited from the 

project “Screening of Anemia, Obesity, and 

Undernutrition in Children aged 1-7 years at Badr 

City”, which was funded by Helwan University (11) 

the study eas conducted between November 2021 and 

to September 2022.  

Iron deficiency anemia was diagnosed according 

to the following criteria: hemoglobin level below 11 

gram (gm) % in children under 5 and below 11.5% for 

ages above 5 years (12) and MCV below -2SD for age 

related reference range (MCV below 70 fl for ages 

below 2 years, below 75 fl for ages between 2 – 6 

years, and below 77 fl for ages above 6 years (13).  

Children with IDA received oral iron (ferrous 

sulfate) in a daily dose of 6 mg/kg/day elemental iron 

for 3 months. Follow up visit was advised for blood 

testing after two weeks. Children with IDA who 

showed increased hemoglobin level at follow up were 

included in our study. 

Children were classified to good responders if 

Hb level raised more than > 1 gm, and partial 

responders if below < 1 gm within the duration of oral 

iron (2-12 w) (14).  

Patients were excluded from the study if they 

had any chronic disease or received blood transfusion 

in the last 4 months. All patients were subjected to a 

detailed history taking with emphasizing on nutritional 

history during infancy. 

 

A thorough clinical examination was done, 

including:  

 General examination with special emphasis on 

signs of anemia and vitamin deficiencies, e.g., 

pallor, nail spooning, mucositis, acro-orificial 

rash, alopecia and signs of chronic disease, e.g., 

jaundice, edema, clubbing, and purpura. 

 Anthropometric measurements: weight was 

measured by a scale and height with a 

stadiometer, weight (Kg) divided by the height 

(meters square) was used to calculate body mass 

index (BMI). The Z scores for the anthropometric 

measures were calculated online using Canadian 

Pediatric endocrine group (15) and children were 

categorized according to the international 

classification of malnutrition (16).  

 System examination: cardiac, respiratory, and 

abdominal examination to exclude undiagnosed 

chronic asymptomatic diseases. 

Laboratory investigations included from the patient 

files, complete blood counts (Sysmex KX-21N, 

Sysmex Corporation, Japan), i.e., Hb level, MCV, 

RDW, MPV and serum ferritin (Beckman coulter 

Access 2) levels before and after iron therapy.  

Severity of anemia was classified to (17): 

 Mild anemia when hemoglobin level between 10- 

10.9 g/dL, in children with ages below 5 years and 

between 11– 11.4g/dL for ages above 5 years.  

 Moderate when hemoglobin level between 7– 9.9 

g/dL, in children with ages below 5 years and 

between 8– 10.9 g/dL for ages above 5 years. 

 Severe anemia when hemoglobin level below 7 

g/dL in children with ages below 5 years and below 

8 g/dL for ages above 5 years. 

Compliance to oral iron (by questioning parents): as 

the child takes the correct amount, regularly without 

missing doses over a specified period as prescribed by 

the healthcare provider (18). 

 

Ethics approval and consent to participate: 

Written informed consent was obtained from the 

parents/legal guardians of all patients after 

explaining the nature, steps, and purpose of the 

study. The study was approved by the Faculty of 

Medicine, Helwan University Research ethics 

committee, and the confidentiality of patients’ data 

was respected. The Helsinki Declaration was 

followed throughout the study's conduct. 

 

Statistical analysis: All data were collected and 

tabulated then analyzed statistically using IBM SPSS 

Statistics, Version 23. Quantitative data were presented 

as the mean ± SD and median (range), and qualitative 

data were presented as number and (percentage). For 

normally distributed quantitative data, the student t-

test was used to compare between two groups, while 

Mann Whitney U test was used for non-normally 

distributed variables. Chi2 test was used to compare 

qualitative variables. All tests were two sided. The 

level of significance was accepted when P ≤ 0.05. 

RESULTS 

The characteristic data of the study group are 

shown in table 1. Among our studied children, 27% of 

their mothers received iron and vitamin supplements 

during pregnancy. About 69% of children were 

exclusively breastfed for four to 12 months. About 

19% received formula in addition to breastfeeding, 2% 

received cow`s milk with breastfeeding, while 10.5% 

received formula. About 29% had pallor, two% had 

nails spooning, and 2 % had signs of rickets. About 30 

(62.5%) of included children at baseline had mild 

anemia while 18 (37.5%) had moderate anemia. 

The median duration of oral iron therapy was 

three weeks (IQR 2-4). About 52% of children were 

compliant with oral iron therapy while 48% were not 

compliant with their daily doses.  
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Table (1): The characteristic Data of the Study Group (N=48). 

Variable Values 

Baseline Age in years: 

 Mean ± SD 

 Min - max  

3.2 ± 1.4 

(1.2 - 7) 

Gender; N (%) 

 Male 

 Female 

25 (52) 

23 (48) 

Residency; N (%) 

 Badr   

 Urban  

48 (100) 

48 (100) 

Weight Z score:  

 Median (IQR) 

 Underweight; N (%)  

-0.8 (-1.5 - -0.1) 

9 (18.8) 

Height Z score: 

 Median (IQR) 

 Short stature; short without undernutrition; N (%) 

 Stunting; short stature and underweight; N (%)  

-1.04 (-1.8 - -0.2) 

11 (22.9) 

6 (12.5) 

BMI Z score:  

 Median (IQR) 

 Wasting; N (%) 

 Overweight; N (%) 

 Obesity; N (%)   

-0.3 (-1.1 - 0.6) 

6 (12.5) 

3 (6.25) 

1 (2.1) 

Hemoglobin in g/dl  
10.04 ± 0.9 

(7.5 - 11.3) 

MCV fl 
67.7 ± 6.3 

47 – 75 

RDW% 
14.6 ± 2.6 

11.1 – 22.2 

TLC1000/cmm 
8.6 ± 3.1 

3.3 - 17.2 

PLT1000/cmm 
420.7 ± 105.7 

200 – 668 

MPV   fl 
8.9 ± 1.1 

7- 12 

Ferritin ng/ml 
8.3 ± 4.2 

1.9 – 15 

BMI: body mass index, IQR: interquartile range, Max: maximum, Min: minimum, N: number, MCV=mean corpuscular 

volume, MPV=mean platelet volume, Platelet=PLT, RBC=red blood cell, RDW=red cell distribution, SD= standard deviation, 

TLC=total leucocyte count. 

 

Comparison between baseline and follow-up anthropometric measures and laboratory findings in the study 

group are shown in table 2. Two children missed the anthropometric measures assessment at follow-up. No observed 

difference of significance between frequencies of underweight, stunting, wasting, and overweight or obesity was 

found at follows up.  
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Table (2): Comparison between Baseline and Follow-Up Anthropometric Measures and Laboratory Findings in 

the Study Group. 

Variable 
Baseline 

N=48 

Follow Up 

N=46 
P value 

Anthropometric Measures 

Weight in kg: Mean ± SD 13.1 ± 3.4 14.2 ± 3.6 0.131 

Weight Z score: Median (IQR) -0.4 (-1.9 - 0.2) -0. (-1.4 - -0.2) 0.001* 

Height in cm: Mean ± SD 91.2 ± 11.6 95.3 ± 11.8 0.093 

Height Z score: Median (IQR) -1.04(-1.8 - -0.2) -0.96(-1.9 - 0.8) 0.001* 

BMI: Mean ± SD 15.6 ± 2 15.3 ± 1.7 0.4 

BMI Z score: Median (IQR) -0.3 (-1.1 - 0.6) -0.4 ( -1.1 - 0.7) 0.4 

Laboratory findings 

Hemoglobin in g/dl  10.04 ± 0.9 11.05 ± 0.98 <0.001* 

RBCs million/µL 4.5 ± 0.4 4.7 ± 0.4 0.017* 

MCH  pg 22.4 ± 2.9 23.6 ± 2.7 <0.04* 

HCT % 30.6 ± 2.6 31.8 ± 3.3 0.052 

MCV fl 67.7 ± 6.3 68.3 ± 6.4 0.65 

MCHC  g/dl 32.8 ± 2.02 34.4 ± 2.7 <0.002* 

RDW  % 14.6 ± 2.6 13.4 ± 2.03 0.015* 

TLC  1000/cmm 8.6 ± 3.1 8.2 ± 2.7 0.4 

PLT  1000/cmm 414.7 ± 102.8 413.8 ± 101.5 0.9 

MPV  fl 8.9 ± 1.1 9.4 ± 0.9 0.018* 

Ferritin ng/ml 8.3 ± 4.2 17.1 ± 8.9 <0.001* 

BMI: body mass index, HCT=hematocrit, IQR: interquartile range, Max: maximum, MCH=mean corpuscular hemoglobin, 

MCHC=mean corpuscular hemoglobin concentration, MCV=mean corpuscular volume, Min= minimum, MPV=mean platelet 

volume, N= number, RBC=red blood cell, RDW=red cell distribution, SD= standard deviation, TLC=total leukocyte count. 

 

Hemoglobin response to oral iron therapy in the study group is shown in figure (1). The Relation between 

hemoglobin response and duration of oral iron therapy is shown in figure (2).  
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Figure (1): Hemoglobin Response to Oral Iron Therapy in the Study Group (N=48). 
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Figure (2): The Relation between Hemoglobin Response and Duration of Oral Iron Therapy (N=48). Data are 

presented as median (Interquartile range) 

 

Comparisons between good and partial responders regarding different clinical and laboratory parameters are shown in 

table 3. We could not perform further advanced statistical analysis to test for specific indicators for iron response 

because no significant results were obtained from hematologic parameters. 

Table 3: (N=48) Comparison between Good and Partial Responders Regarding Different Clinical and 

Laboratory Parameters.  

HB Response 
Partial (< 1 gm) 

N=23 

Good (> 1 gm) 

N=25 

P value 

 

Severity of anemia at baseline: N (%) 

 Mild (30) 

 Moderate (18) 

 

16 (70) 

7 (30) 

 

14 (56) 

11 (44) 

 

0.3 

Compliance to treatment: N (%) 13 (56) 12 (48) 0.6 

Boys 

Girls 

13 

10 

12 

13 

 

0.6 

Weight  mean SD 13.1 ± 3.3 13.2 ± 3.5 0.8 

Weight Z median 

 IQR 

-0.9 

(–1.9- -0.37) 

-0.7 

(-1 - -1.3) 

 

0.001* 

Height mean SD 91± 10.3 91.9± 12.6 0.789 

Height Z  median 

 IQR 

-1.04 

(-1.7- - 0.1) 

-1.03 

(-2 - -0.3) 

 

0.001* 

BMI Z median (IQR) -0.23 (-0.9- 0.6) -0.6 (-1.3-  0.7) 0.001* 

RBCs million/µL 4.5 + 0.3 4.5 + 0.4 1 

MCH  pg 68.1 + 4.7 67.4 + 7.8 0.7 

HCT % 30 + 2.5 31.2 + 2.5 0.1 

MCV fl 22.4 + 2.7 22.4 + 3.2 1 

MCHC g/dl 32.7 + 2.3 32.9 + 1.8 0.7 

RDW % 14.2 + 2.5 15 + 2.7 0.3 

TLC (109/L ) 7.7 + 2.8 9.5 + 3.1 0.04* 

PLT (×109/L) 398.7 + 94.4 445 + 114 0.1 

MPV  fl  8.8 + 1 8.9 + 1.2 0.6 

Ferritin ng/ml 8.3 + 4 8.4 + 4.5 0.9 

BMI: body mass index, HCT=hematocrit, IQR: interquartile range, Max=maximum, MCH=mean corpuscular hemoglobin, 

MCHC=mean corpuscular hemoglobin concentration, MCV=mean corpuscular volume, Min= minimum, MPV=mean platelet 

volume, N= number, RBC=red blood cell, RDW=red cell distribution, SD= standard deviation, TLC=total leucocyte count. 
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DISCUSSION 
This was a cross-sectional study conducted at 

Helwan University Hospital in Badr City, on 48 

children with IDA. 

From our observation, the hemoglobin and 

hematocrit were significantly higher after the oral iron 

therapy compared to the base line. This was confirmed 

by several studies comparing hematological parameters 

before and after iron therapy. Similarly, Russo et al. (19), 

Yuce et al. (20), and Das et al. (21) in their studies 

among children with IDA reported a significant 

increase in Hb and hematocrit value after treatment 

with oral iron supplementation.  

From our study, following oral iron therapy, the 

mean corpuscular hemoglobin (MCH) and mean 

corpuscular hemoglobin concentration (MCHC), 

values showed a significant increase, while the MCV 

values, showed no difference of significance. In 

comparison to our results, some studies reported a 

significant improvement in the hematological 

parameters including MCV, MCH and MCHC level 

after treatment with oral iron therapy (20-22).  

In the current study, the mean RDW showed a 

significant decrease after the oral iron therapy. 

Similarly, Korur et al. (23) study on 50 patients with ID 

showed a significant decrease in RDW value after one 

month of treatment with iron therapy. The generation 

of RDW may be a good adjunct for the diagnosis of 

IDA.  Different studies have reported that RDW can 

be used to distinguish between IDA and other causes 

of anemia such as thalassemia trait and anemia of 

chronic disease (24). Contrary, Ibrahim et al. (25) 

conducted a study on 40 children with IDA, in Egypt, 

and they received elemental iron with a total daily 

dose of 6 mg/kg/day for 3 months. They reported that 

there was no significant difference in MCHC and 

RDW between before and after iron therapy. 

 In the present study, the MPV showed a 

significant increase, while the platelet count showed 

no difference of significance following oral iron 

therapy. As iron is an important cofactor for platelet 

synthesis, IDA is associated with thrombocytosis and 

micro platelet due to low iron (26). Similarly to our 

result, Faraj et al. (9) showed a significant increase in 

the MPV value after iron treatment among 51 patients 

with IDA. Also, Deshmukh et al. (27) reported that 

hematological parameters were significantly altered in 

the study cases after one month of iron therapy 

including MPV.  Other studies also showed that the 

mean MPV was significantly higher, while the platelet 

count was significantly decreased after oral iron 

therapy (20,22). On the other hand, Kurt and 

Demirkiran (28) showed no change in MPV levels 

before and after iron therapy among patients with 

IDA. 

In the present study, serum ferritin after 

treatment with oral iron therapy was significantly 

increased. Similarly, Pachuta et al. (29) showed a 

significant increase in serum ferritin levels after 3 

weeks of oral iron therapy. In addition, Ibrahim et al. 
(25) reported that the Hb levels and serum ferritin of the 

studied cases were significantly higher after iron 

treatment than the base line. 

From our findings, about 52% of children were 

good responders to oral iron therapy while about 48% 

of children were partial responders. The response is 

considered good if hemoglobin increased more than > 

1 gm, and considered partial if below < 1 gm within 

the duration of oral iron (2-12). Similarly, Patil et al. 
(30) reported that the usual rate of increase in the 

hemoglobin level is about ≥1 g/dL within 14 days of 

oral iron.  

From our study, the good responders had longer 

duration of iron therapy than partial responders. Also, 

Andersen et al. (31) concluded that longer duration of 

iron and moderate to high-dose of oral iron therapy 

was more effective at improving hemoglobin, ferritin, 

and iron deficiency anemia. The response to iron 

therapy differs according to the degree of anemia, 

moderate and severe anemia responds rapidly. Also, 

the duration of iron therapy might correlate with 

improved outcomes (17, 32). 

In the current study, there was no hematological 

parameter that can predict response to oral iron 

therapy. Pediatric studies reported different 

hematological markers as predictors to iron response 

therapy. Study showed that RDW can predict response 

to iron therapy (23). Another study, reported that MPV 

can be considered as marker that helps in diagnosing 

IDA and for follow-up (9).  

This difference may be attributed to our small 

sample size; some of our cases were not compliant 

with their daily doses and there was no definite period 

for follow-up visits and patients were coming when 

they could come. 

The current study had some limitations, first of 

which was not all children were compliant to oral iron 

therapy nor were compliant for follow up visits. 

Second, most of our cases had moderate and mild 

anemia and no children had severe degree of anemia. 

 

CONCLUSION 

The study revealed that the longer duration of 

oral iron therapy was associated with good response to 

therapy (> 1 gm). The hemoglobin, RBCs, MCH, HCT, 

MCHC, MPV and ferritin values showed a significant 

increase following oral iron therapy, while RDW 

values showed a significant decrease. In our results 

there was no laboratory parameter that can predict the 

response to oral iron therapy. Also, there was 

significant change in leucocytes between partial and 

good responders to iron therapy. There was a 

significant increase in weight and height of children 

after iron therapy.  
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