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ABSTRACT  

Background: Cyanotic congenital heart disease (CCHD) predisposes patients to iron deficiency due to compensatory 

secondary erythrocytosis. Objective: This study aimed to assess the prevalence of iron deficiency among infants and 

children having cyanotic and non-cyanotic congenital heart disease.  

Patients and methods: This was a case-control study enrolled 30 children with congenital heart disease whether 

cyanotic or non-cyanotic at the Department of Pediatrics and Intensive Care Cardiology Unit, Faculty of Medicine at 

Zagazig University Pediatrics Hospital. They divided into 15 cyanotic and 15 non-cyanotic congenital heart disease. 

In addition, 15 healthy age- and sex-matched children were included as a control group ranged from 1 to 5 years ago. 

Children were investigated by doing complete blood count, pulse oximetry, erythrocyte indices and iron profile, based 

on the transferrin saturation.  

Results: Iron deficiency anemia was found among 7 (53.3%) patients with CCHD, 2 (13.3%) patients with non-

cyanotic congenital heart disease and 5 (33.3%) healthy children. There was no statistically difference between 

CCHD children, non-cyanotic congenital heart disease children and normal healthy children.  

Conclusion: Iron deficiency anemia remains a very common health problem and leads to high morbidity and 

mortality rates among children with congenital heart disease. 

Keywords: Congenital heart disease, Iron deficiency anemia, CCHD, Heart Disease.  

 

INTRODUCTION  
Structures of the heart or intrathoracic great 

vessels that are aberrant during foetal development are 

referred to as congenital heart disease (CHD). The 

most prevalent birth defect and the main factor in the 

death of children with congenital abnormalities is 

CHD (1). Noncyanotic CHD and cyanotic CHD, 

commonly known as critical congenital heart disease 

are two subtypes of CHD (2). 

There are many types of congenital heart defects. 

If the defect lowers the amount of oxygen in the body, 

it is called cyanotic. If the defect doesn't affect oxygen 

in the body, it is called acyanotic (1).  

In recent literature, critical congenital heart 

disease can be further classified into 3 different types 

of lesions: right heart obstructive lesions, left heart 

obstructive lesions, and mixing lesions (3,4).  

Acyanotic congenital heart diseases or left-to-

right shunting lesions are the most common form of 

congenital heart disease. Although most resolve 

spontaneously, many will remain hemodynamically 

significant, particularly in the premature infant. 

Understanding the difference in pathophysiology, 

diagnosis, and management between the term and 

preterm infant is imperative to minimize the risk of 

secondary organ dysfunction and ensure proper 

growth and development (5).  

Cyanotic congenital heart disease (CCHD) is 

congenital heart also defect with right to left shunting 

of desaturated blood. This results in decreased oxygen 

saturation in the systemic circulation which acts as a 

trigger for increase in erythropoietin production and 

secondary erythropoiesis in an effort to maintain 

tissue oxygenation (2). The resultant polycythemia and 

hyperviscosity manifests clinically as 

thromboembolic events in the children with CCHD (6).  

CCHD is usually isolated and sporadic, but it can 

also be associated with genetic syndromes. 

Approximately 15% to 20% of infants with CCHD are 

related to known chromosomal abnormalities. 

Globally, an estimate of 8 defects per 1000 live births 

is reported (7,8).  

CCHD predisposes patients to iron deficiency 

due to compensatory secondary erythrocytosis (9). The 

presence of iron deficiency anemia (IDA) in these 

children further increases their chances of morbidity 

in the form of cerebrovascular events and cyanotic 

spells (10). However, the clinical detection of anemia 

based on pallor is hampered by the occurrence of 

hypoxia-induced polycythaemia in CCHD (11). 

Laboratory tests and periodic screening are therefore 

mandatory for diagnosis (12).  

This study aimed to assess the prevalence of iron 

deficiency among infants and children having cyanotic 

and non-cyanotic congenital heart disease. 

 

PATIENTS AND METHODS  
This was a case-control study which was conducted 

at the Department of Pediatrics and Intensive Care 

Cardiology Unit, Faculty of Medicine at Zagazig 

University Pediatrics Hospital from June to November 

2021. The study included 30 children divided into 15 

cyanotic and 15 non-cyanotic congenital heart disease. 

In addition, 15 healthy age- and sex-matched children 

were included as a control group. 

Inclusion Criteria were: Age range 1 - 5 years. Both 

male and female. Children with CHD whether 

cyanotic or non-cyanotic. 

 



https://ejhm.journals.ekb.eg/ 

 5018  

Exclusion Criteria: Children who received blood 

transfusion or who did partial exchange transfusion in 

the past other 3 months. Children with chronic 

diseases other than CHD e.g. chronic hemolytic 

anemia and chronic kidney disease. Children who 

received iron supplements in previous three months. 

Children who have another systemic disease that 

affect iron profile. 

All subjects who enrolled in the study were 

subjected to full history taking and clinical 

examination. Arterial blood oxygen saturation was 

measured by pulse oximeter.  

Children were Laboratory investigated by 

doing Complete blood count (CBC). Erythrocyte 

indices included Packed Cell Volume (PCV), 

Haemoglobin (Hb), Haematocrit (Hct), Mean 

Corpuscular Volume (MCV), Mean Corpuscular 

Haemoglobin (MCH) and Red Cell Distribution 

Width (RDW). 

Serum iron and ferritin levels were assessed 

using spectrophotometric measurements. Ferritin 

range was >12 ng/ml. Unsaturated iron-binding 

capacity (UIBC) was determined by adding ferrous 

iron ions to the serum so that they would bind to 

transferrin at unsaturated binding sites (13). Total iron 

binding capacity (TIBC) is equal to UIBC plus serum 

iron. 

Transferrin saturation is equal to (TIBC / 

serum iron) x 100. Transferrin saturation of <16% was 

categorized as iron deficient, and >16% was 

categorized as iron sufficient. Children in both the 

case and control groups underwent venepuncture 

performed according to the guidelines of World 

Health Organization (WHO) (12). 

Ethical considerations: 

       The permission for the study was received 

from the Pediatrics Departments of Zagazig 

University Hospitals after the permission of the 

Institutional Review Board (IRB). Written 

Informed consent was taken from the patient 

parents and/or their caregivers. The research was 

carried out in compliance with the Code of Ethics 

of the World Medical Association (Decleration of 

Helsinki) for studies involving humans. 

 

Statistical Analysis 
The collected data were coded, processed and 

analyzed using the SPSS (Statistical Package for Social 

Sciences) version 22 for Windows® (IBM SPSS Inc, 

Chicago, IL, USA). Data were tested for normal 

distribution using the Shapiro Walk test. Qualitative data 

were represented as frequencies and relative 

percentages. Chi square test (χ2) to calculate difference 

between two or more groups of qualitative variables. 

Quantitative data were expressed as mean ± SD 

(Standard deviation). Independent samples t-test was 

used to compare between two independent groups of 

normally distributed variables (parametric data). P value 

<0.05 was considered significant. 

 

RESULTS  
Table 1 showed that there was no statistically 

significant difference between CCHD children, non 

cyanotic congenital heart disease children and normal 

healthy children regarding to sex, age, consanguinity and 

positive family history. 

 

Table (1): Demographic characteristics of studied groups; cyanotic congenital heart disease children, acyanotic 

congenital heart disease children and normal healthy children 

Variables 
Cyanotic  

N=15 
Acyanotic  

N=15 
Control 

groups N=15 

 
χ2 

 

P-value 

 Sex n. (%) 
Males  

    Females 

 
7 (46.7%) 
8 (53.3%) 

 
6 (40%) 
9 (60%) 

 
10 (66.7%) 
5 (33.3%) 

2.31 
 

0.32 
 

 Age 
<5 years 

    ≥5 years 

 
10 (66.7%) 
5 (33.3%) 

 
14(93.3%) 
1 (6.7%) 

 
9 (60.0%) 
6 (40.0%) 

4.77 0.092 

 Consanguinity (%) 
 Yes 
 No  

2(13.3%) 
13(86.7%) 

4(26.7%) 
11(73.3%) 

0(0.0%) 
15(100%) 

4.61 0.099 

 Family history (%) 
 Positive 
 Negative 

 
2(13.3%) 
13(86.7%) 

 
4(26.7%) 

11(73.3%) 

 
0(0.0%) 

15(100%) 
4.61 0.099 

 χ 2=chi square test of significant , P >0.05 insignificant  

Table 2 showed that there was no statistically difference between CCHD children, acyanotic congenital heart disease, 

healthy children regarding hemoglobin level, blood indices.There was statistically significant difference between 

studied groups regard their RDW.  
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Table (2): Hemoglobin and blood indices of studied groups; cyanotic congenital heart disease children, a cyanotic 

congenital heart disease children and normal healthy children. 

Variables 

Studied groups 

χ 2 P-value 
Cyanotic  

N=15 
Acyanotic  

N=15 
Control groups 

N=15 

No. % No. % No. % 

Hemoglobin (g/dl)         
Iron deficiency  0 0.0 3 20 4 26.7 4.39 0.11 
Normal 15 100 12 80 11 73.3   

MCV         
Iron deficiency (<75F/L)  6 40 6 40 6 40.0 0 1 
Normal(75-100 F/L) 9 60 9 60 9 60.0   

MCH (pg)         
Iron deficiency (>23pg) 5 33.3 3 20 4 26.7 0.68 0.74 
Normal (≥23 pg) 10 66.7 12 80 11 73.3   

MCHC         
Iron deficiency (<31 g/dl) 5 33.3 3 20.0 4 26.7 0.68 0.74 
Normal (31 -36 g/dl) 10 66.7 12 80.0 11 73.3   

RDW         
Iron deficiency (>14.5%) 13 86.7 3 20.0 4 26.7 16.4 0.0001 
Normal (11-14.5%) 2 13.3 12 80.0 11 73.3   

Hematocrit         
Iron deficiency (<34%) 0 0.0 7 46.7 7 46.7 10.2 0.006 
Normal (34 %-60%) 15 100 8 53.3 8 53.3   

 

MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, 

RDW: red cell distribution width, χ2: Chi-square test of significant, P>0.05 insignificant, P<0.05 significant.  

 

Table 3 showed that there no statistically difference between CCHD, acyanotic congenital heart disease, healthy 

children regarding serum ferritin level of iron deficiency. Whereas Ferritin Risk iron deficiency anemia significantly 

higher in CCHD, acyanotic congenital heart disease children compared to normal children. While studied normal 

children had significant normal Ferritin level. 

 

Table (3): Serum ferritin, Ferritin grade of studied groups; cyanotic congenital heart disease children,a cyanotic 

congenital heart disease children and normal healthy children 

Variables 

Cyanotic  
N=15 

Acyanotic  
N=15 

Control 

groups N=15 
χ 2 

 
P-value 

No.       % No.       % No.       % 

 Serum ferritin  
 Iron Deficient  
 Iron sufficient  

 
5 

10 

 
33.3 
66.7 

 
3 

12 

 
20 
80 

 
4 

11 

 
26.7 
73.3 

0.68 0.71 

 Ferritin grade         
 Iron deficiency  5 33.3 3 20 4 26.7   
 Depletion iron storage (12-50ng/L) 3 20.0 3 20 0 0.0 22.4 0.001 
 Risk iron deficiency anemia (>50-100 ng/L) 7 46.7 9 60 3 20   
 Normal (>100 ng/L) 0 0.0 0 0.0 8 53.3   
χ 2: Chi-square test of significant, P>0.05 insignificant, P<0.05 significant, Iron deficient: (serum ferritin saturation <12 ng/L, if 

child <5 years or <15ng/L if child ≥5 years), Iron sufficient: (serum ferritin saturation ≥12 ng/L if child <5 years or ≥15ng/L if 

child ≥5 years). 

  

Table 4 showed that there wasno statistically difference between CCHD children, acyanotic congenital heart disease, 

healthy children regarding to transferritin saturation percent.  
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Table (4): Trans ferritin saturation% of studied groups; cyanotic congenital heart disease children, a cyanotic congenital 

heart disease children and normal healthy children 

Variables 
Cyanotic  

N=15 
Acyanotic  

N=15 
Control groups 

N=15 
χ 2 

 
P-value 

Trans ferritin saturation%  
 Iron deficient 
 Iron sufficient 

 
8 (53.3%) 
7 (46.7%) 

 
6(40.0%) 
9(60.0%) 

 
4 (26.7%) 

11 (73.3%) 
2.22 

 
0.33 

 

χ 2: Chi-square test of significant, P>0.05 insignificant, Iron deficient: (Trans ferritin saturation <16%), Iron sufficient 

: (Trans ferritin saturation ≥16%).  

 

Table 5 showed that there was no statistically difference between CCHD children, acyanotic congenital heart disease, 

healthy children regarding to prevalence of deficiency anemia. 

 

Table (5): Iron deficiency anemia of studied groups; CCHD children, acyanotic congenital heart disease children 

and normal healthy children.  

Variables 
Cyanotic  

N=15 
Acyanotic  

N=15 
Control group 

N=15 
χ 2 

 
P-value 

 
Iron deficiency anemia  
 Yes  
 No  

 
5 (33.3%) 
10 (66.7%) 

 
3 (20%) 

12 (80%) 

 
4 (26.7%) 

11 (73.3%) 
0.68 0.71 

χ 2: Chi-square test of significant, P>0.05 insignificant, Iron deficient anemia: (serum ferritin <12 ng/L if child <5 years 

or <15ng/L if child ≥5 years & Transferritin saturation <16% ), normal: (serum ferritin ≥12 ng/L if child <5 years or 

≥15ng/L if child ≥5 years & Trans ferritin saturation ≥16%).  

 

Table 6 showed that all studied group had iron deficiency level of blood indices and iron parameters. There was 

significant normal Hemoglobin level and Hematocrit level in anemia CCHD children, compared to acyanotic 

congenital heart disease children and normal children.  

 

Table (6): Compared blood indices, iron parameters of iron deficiency children of studied groups 

Variables 

Serum ferritin of anemia among studied groups 

χ2 P-value 
Cyanotic  

N=5 
Non cyanotic  

N=3 
Control groups 

N=4 

No. % No. % No. % 

Hemoglobin (g/dL)         
Iron deficiency  0 0.0 3 100 4 100 12 0.002 
Normal 5 100 0 0.0 0 0.0   

MCV         
Iron deficiency (<75F/L)  4 80 3 100 4 100 1.5 0.47 
Normal(75-100 F/L) 1 20 0 0.0 0 0.0   

MCH (pg)         
Iron deficiency (>23pg) 5 100 3 100 4 100 - - 

MCHC         
Iron deficiency (<31 g/dl) 5 100 3 100 4 100 - - 

RDW         
Iron deficiency (>14.5%) 5 100 3 100 4 100 - - 

Hematocrit         
Iron deficiency (<34%) 0 0.0 3 100 4 100 12 0.002 
Normal (34 %-60%) 5 100 0 0.0 0 0.0   

Serum iron (mg/dl)         
Iron deficiency (<50 mg/dl) 5 100 3 100 4 100 - - 

TIBC         
Iron deficiency (>450 mg/dl) 5 100 3 100 4 100 - - 

UIBC          
Iron deficiency (>340 mg/dl) 5 100 3 100 4 100 - - 
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χ2: Chi-square test of significant, P>0.05 insignificant, P<0.05 significant.   

 

 

 

DISCUSSION  
In our study, there was no statistically difference 

between CCHD, acyanotic congenital heart disease 

children and normal healthy children regarding to sex, 

age, consanguinity and positive family history. 

Ossei et al.(11) determined the occurrence of CHD 

in children below 15 years and assessed the prevalence 

of relative iron deficiency anaemia. Eighty (females: 44, 

males: 36) cases of CHD were recorded. Fifty percent 

of the cases occurred in children from birth to less than 

a year, 38.8% occurred in those aged 1–5 years and 

11.3% of the cases were in children over 5 years.  

In the present study, there were no statistically 

differences between CCHD children, acyanotic 

congenital heart disease and healthy children regarding 

to hemoglobin level and blood indices. There was a 

statistically significant difference between studied 

groups regarding their RDW and hematocrit. CCHD 

had higher RDW than other groups. However, 

hematocrit level in CCHD children was normal. 

Iron deficiency anaemia was largely diagnosed 

using Red Cell Distribution Width (RDW) and Mean 

Corpuscular Volume (MCV), affordable validated 

parameters for diagnosing iron deficiency. When RDW 

and MCV are considered together, iron deficiency 

anemia could be diagnosed with 98% accuracy (14). 

Miyamoto et al. (15) investigated whether RDW is 

associated with cardiovascular mortality after 

adjustment for anemia and evaluated the relationships 

among anemia, IL-6, and RDW in patients with ACHD. 

They concluded that RDW, an inexpensive clinical test, 

is nevertheless a powerful diagnostic predictor of 

cardiovascular mortality. 

Soni et al. (16) found that the mean hemoglobin in 

cyanotic heart disease cases was 13.39 (SD 2.38) gm/dl. 

In the control group the mean hemoglobin was 9.57 (SD 

1.29) gm/dl, indicating a statistically significant 

increased hemoglobin levels in CCHD cases. 

Ossei et al.(11) found that of the 80 children with 

CHD, 66 had full blood count (FBC) carried out. 

Erythrocyte indices recorded were Hb, RBC, MCV, 

RDW, PCV and MCHC. Thirty children had Hb levels 

above the maximum considered normal (14.0 g/dL) and 

11 had Hb values below the lower limit of 11.0 g/dL. 

Though the median Hb value (13.6 g/dL), was normal, 

there was a wide inter-patient variability with 

haemoglobin content of RBCs ranging from a minimum 

of 8.0 to to maximum of 24.3 g/dL (interquartile range, 

11.0–18.7). ; 

Regarding ferritin, Olcay et al.(17) in Turkey in his 

study to compare hematological parameters between 

iron sufficient and iron deficient cyanotic heart disease 

patients found mean ferritin to be 37.2 ng/ml in iron 

sufficient group and 7.5 ng/ml in iron deficient group. 

Onur et al.(18) in Ankara, Turkey found mean ferritin to 

be 39.2 ng/ml. Lang'o et al.(19) in Kenya found mean 

ferritin to be 48.9 ng /ml. 

Soni et al. (16) found that mean ferritin in cases was 

41.63 (SD 35.04) ng/ml and in controls it was 78.75  

(SD 51.40) ng/ml with, indicating a statistically 

significant decreased ferritin in cases. 

In our study, there was no statistically difference 

between CCHD children, acyanotic congenital heart 

disease and healthy children regarding to transferritin 

saturation percent. Binh et al. (20) notified that serum 

transferrin was higher in patients with iron deficiency 

but it showed a wide range of variation. Amoozgar et 

al. (21) demonstrated that serum iron concentrations and 

serum transferrin are more prone to be affected by acute 

disease processes and/or infection than serum ferritin 

and serum ferritin should be the test of choice in 

diagnosis of IDA. 

In our study, ferritin risk iron deficiency anemia 

was significantly higher in CCHD children, acyanotic 

congenital heart disease children compared to normal 

children. Regarding prevalence of IDA, it was detected 

among 5 (33.3%) patients of CCHD, 3 (20%) patients 

of acyanotic congenital heart disease children and 4 

(26.7%) healthy children. Statistically, there was no 

statistically difference between CCHD children, 

acyanotic congenital heart disease and healthy children 

regarding to prevalence of deficiency anemia. Drossos 

et al.(22) examined a total of 38 CCHD children and 

found an iron deficiency prevalence of 12.5% in 

children 6 to 12 years of age. Children less than five 

years still contributed the bulk of the iron deficiency 

group with a prevalence of 37.5%. 

Abbod and Ibraheem(23) determined the incidence 

of anemia in children with CCHD by noninvasive, 

inexpensive, and easy laboratory methods and 

concluded that anemia is common in CHD patients 

attending hospital. Anemic CHD patients have a 3-fold 

increased mortality risk. Screening for anemia should 

be part of the routine assessment of CHD patients for 

risk stratification, and for treatment, when correctable 

causes are identified. Ossei et al.(11) concluded that 

CHD is a common phenomenon among newborns. Use 

of iron supplementation was suboptimal. Compliance 

with guidelines on the use of iron as well as structures 

for early detection of CHD for definitive interventions 

are advocated. 

In our study, all studied group had iron deficiency 

level of blood indices, and iron parameters of studied 

groups. There was significant normal Hemoglobin level 

and hematocrit level in anemia CCHD children, 

compared to a cyanotic congenital heart disease 

children and normal children. 

Our study stresses on the fact that IDA is a relative 

iron deficiency state. Hemoglobin may be normal but 

red blood cells are microcytic hypochromic in nature 

which suggests IDA. This could be further confirmed 
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by ferritin levels which are relatively low than general 

population. 

As we draw attention to the need for more routine 

screening for CHD in children, we do not under-

estimate the complexity of diagnosing the condition 

and management. Therefore, we present these 

findings with caution as several limitations confound 

our results. For example, patients with history of 

recent or current acute and chronic infection or 

vaccination or of renal disease should be excluded 

because of their known effects on bone marrow and 

iron metabolism. Similarly, patients with history or 

sign of liver disease or any genetic disorder, 

including Down syndrome or hypothyroidism should 

be excluded in these studies as these conditions cause 

macrocytosis. Other groups include children with 

leukemia or reticulo-cytosis and children already 

receiving iron supplements.  

In conclusion, IDA remains a very common 

health problem and leads to high morbidity and 

mortality rates among children with CHD. Thus, both 

groups of cyanotic and acyanotic CHD are at a risk 

of IDA and depletion of body iron storage. Screening 

for anemia should be part of the routine assessment 

of CHD patients for risk stratification, and for 

treatment, when correctable causes are identified. 
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