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Abstract
Background: Children with acyanotic congenital heart diseases are prone to micronutrient and macronutrient deficiencies that worsen morbidity and mortality in affected individuals. Iron deficiency is the most prevalent nutritional disorder in the world. Feeding difficulties and increase energy requirements are factors that predispose children with acyanotic congenital heart diseases to nutritional iron deficiency anaemia. The current study evaluated presence of iron deficiency in acyanotic congenital heart disease children.
Methods: The study was prospective cross sectional and analytical involving 59 subjects each with acyanotic congenital heart diseases and apparently healthy controls. Red cell indices and serum iron status indicators were evaluated.
Results: Latent iron deficiency was seen in 13.6% and 15.3% of cases and control respectively, A total of 2 (3.4%) and 3 (5.1%) of cases and control had iron deficiency. No subject had iron deficiency anaemia (IDA).
Conclusions: There is a risk of iron deficiency anaemia in both children with acyanotic congenital heart disease and apparently healthy children. Due to morbidity effect of IDA in children with congenital heart diseases, there is need for screening and nutritional assessment for IDA in affected children.
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Introduction:
Iron deficiency is the most prevalent nutritional disorder in the world. (1) It is defined as a haemaoglobin concentration two standard deviation below the mean concentration for normal population of the same gender and age range because of iron deficiency. (2) It largely occurs globally due to undernutrition. (1) 

Malnutrition is a common manifestation in children with congenital heart diseases. Risk factors for undernutrition in affected children include feeding difficulties, associated chromosomal anomalies with structural and functional feeding problems as well as poor absorption from the digestive tract in chronic congestive heart failure. This predisposes children with congenital heart diseases to iron deficiency and iron deficiency anaemia (IDA). (3,4)

Studies have shown a high prevalence of iron deficiency anaemia in children with cyanotic heart diseases. (5-7) There is however paucity of data of iron deficiency anaemia in those with acyanotic heart diseases. Binh et al, (8) in Vietnam reported a prevalence of 3% in children with acyanotic congenital heart disease. 

Nigeria has a high prevalence of children with congenital heart diseases. (9) Despite poor food fortification compared to the developed countries, no information on the burden of iron deficiency anaemia in children with acyanotic hearts diseases in Nigeria. This study was done to determine pattern of iron deficiency and iron deficiency anaemia in children with acyanotic heart diseases with the hope of determining the need for routine screening and prompt correction of this micronutrient deficiency that affects psychomotor development.

Methods
The study was prospective, cross sectional and analytical involving patients with various acyanotic heart disease and age and sex matched controls. The subjects were recruited consecutively over a period of 6 months. Diagnosis of acyanotic congenital heart disease was made by consultant cardiologist by echocardiography in the paediatric cardiology clinic of the Lagos State University Teaching Hospital (LASUTH). The controls were recruited from the well children clinic.

A self-designed proforma was administered for biodata information collection. Socioeconomic classification of caregivers was determined using Oyedeji’s classification. (10) 
Serum ferritin was measured using human ferritin enzyme immunoassay test kit. (Moonblind Inc® USA). The Human Ferritin ELISA is a sandwich enzyme immunoassay for the quantitative measurement of human ferritin. Its calibration range is 0 to 800 ng/ml. Serum iron/Total Iron Binding Capacity (TIBC) was measured using Iron/TIBC reagent set (Teco diagnostics® CA.USA).

Procedures
The blood sample was centrifuged in the plain bottle at the research laboratory of the Lagos State University College of Medicine within 30 minutes of collection at a speed of 3500 rpm for 10 minutes. Using a fine tipped disposable transfer pipette (Ultident Brand), the serum was separated into a cryo-resistant bottle and stored at – 20O C in a freezer at the laboratory. The quality of the sample is preserved for at least twelve months at this temperature.7 The specimen containers were labelled to avoid mix up. The 2mls samples in the SODIUM EDTA bottle were protected from light at all times using sheets of black nylon. They were transported to the Research Laboratory of the Department of Paediatrics, Lagos State University College of Medicine within four to six hours where complete blood count (CBC) was done.
Data analysis 
Data analysis was done using Statistical Package for Social Sciences ® version 20.0. Measures of statistical location like mean, median standard deviation and range were derived for continuous variables. Categorical variables were represented using frequency and percentage. Continuous variables were compared using Student t-test, while test of association for categorical variables were tested with Fisher exact test. Student t-test was used to compare mean values of normally distributed data while Mann Whitney U test was used for skewed or not normally distributed data. Probability value (p-value) less than 5% (0.05) was accepted as statistically significant.
The study subjects were classified as having:
1. Iron deficiency if:
Serum ferritin < 12ng/L for study subjects younger than five years or < 15ng/L for study subjects aged five years or more. (11) 
          And may be accompanied by Transferrin Saturation <16%. Mean Corpuscular Volume (MCV) < expected range for age of the study subjects. Mean Corpuscular Haemoglobin Concentration (MCHC) < expected range for age of the study subjects (10)
Transferrin saturation was calculated using the formula: (10) 
Transferrin saturation (%) =   
2.      Iron Deficiency Anaemia if: Haemoglobin < expected range for age of the study subjects plus features of Iron deficiency. (11)
3. Latent Iron deficiency (Iron depletion) if: Serum ferritin is less than 20ng/L for all age group. (11)

Results
A total of 118 subjects were recruited in the study, 59 children with acyanotic congenital heart defects and 59 healthy controls. The age range was from six months to twelve years. The mean age for children with acyanotic congenital heart was 42.25 ± 34.56 months while that for controls was 46.07 ± 34.40 months (t= -.497; p = 0.897). Male to female ratio was 1:1.1. 

A higher proportion of subjects were in the upper social class (61.5%; n = 63) as shown in table I. The lowest proportion of subjects belonged to the lower social class (12.7%; n = 13). No significant difference in the social classes between the cases and the controls (χ2 = 6.280, p = 0.170). 

Ventricular septal defect was the commonest acyanotic heart disease. In 8 (13.5%) subjects, multiple acyanotic congenital heart diseases were diagnosed as shown in table II.

Tables III to VI show the mean red cell indices of all subjects and according to age groups. The haemoglobin concentration was significantly higher in the control groups for children less than 2 years and above 5 years. The mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration were significantly higher in the control group. Among the age group greater than 5 years, the mean corpuscular volume and mean corpuscular haemoglobin were significantly higher.

The mean/median values of serum iron indicators are shown in table VII to X respectively. Serum ferritin was lower in the control group but not statistically significant. There was significant difference in the transferrin saturation and total iron binding capacity between the acyanotic and control groups. Serum iron, total iron binding capacity and transferrin saturation were significantly higher in the controls than cases as shown in table VII to X. 

Serum iron and transferrin saturation were significantly higher in controls than the cases in children below two years as shown in table VIII.

The prevalence of iron deficiency and latent iron deficiency among the subjects and control is shown in table XI. None of the cases or controls had iron deficiency anaemia.

Sex, socioeconomic classes and age had no effect on the iron status of subjects as shown in table XII. 




























TABLE I: Socio-demographic characteristics of the study population
	
	Study Subjects
	Total n=118 (%)

	
Statistics

	
	CHD n = 59 (%)
	Controls n= 59 (%)
	
	

	Gender
              Male
Female
	
31 (52.5)
28 (47.5)
	
31 (52.5)
28(47.5)
	
62(52.5)
56 (47.5)
	

p = 0.542

	Age group (months)
              <24 
24-60
              >60
	
24 (40.7)
23 (39.0)
12 (20.3)
	
18 (30.5)
27 (45.8)
14 (23.7)
	
52 (44.1)
60 (50.6)
38 (32.2)
	

p =1.0

	Socio economic status
I
 II
  III
  IV
V
	
9 (15.3)
25 (42.4)
17 (28.8)
6 (10.2)
1(1.7)
	
11 (18.6)
15 (25.4)
18 (30.5)
10(16.9)
5 (8.5)
	
10 (8.5)
28 (23.7)
68 (57.6)
30 (25.4)
14 (11.9)
	


 p = 0.170


NB: Values in parenthesis are % of column total.       Statistics done using Fisher exact test


















Table II:  Types of acyanotic congenital heart defects among the subjects.

	


Acyanotic Congenital Heart Defects				Frequency (%)

	VSD							24 (40.7)
	PDA							13 (22.0)				ASD							  6 (10.2)
	AVSD							  3 (5.1)
	PS							  3 (5.1)
	AS							  2 (3.4)
	VSD, ASD						  2 (3.4)
	VSD, ASD, PDA					  1 (1.7)
	VSD, PDA						  1 (1.7)
	AS, COA						  1 (1.7)
	VSD, PS						  2 (3.4)
	VSD, ASD, AVSD					  1 (1.7)
		
VSD =ventricular septal defect; ASD = atrial septal defect; PDA = patent ductus arteriosus; AVSD = atrioventricular septal defect; PS = pulmonary stenosis; AS = aortic stenosis; COA= coarctation of the aorta















Table III. Mean values of red blood cell indices.
	
	              Group
	
t-value
	
p –value

	
	Acyanotic  
  n=59
	Control 
  n=59
	
	

	
	
	
	
	

	Haemoglobin concentration(g/dl)
                      Mean ± SD
                      Range
	
10.9 ± 1.4
6.6 – 15.3
	
10.6 ± 1.0
8.0 -12.4
	
1.094
	
0.276


	
	
	
	
	

	
	
	
	
	

	MCV (fl)
                      Mean ± SD     
                      Range
	
79.4 ± 7.0
62.5 – 92.1
	
77.7 ± 5.4
63.9 – 88.3
	
1.483

	
1.141



	MCH (pg/cell)                         
                     Mean ± SD
                     Range
	
24.8± 2.6
18.6 – 30.0
	
23.9 ± 1.9
18.8 – 28.1
	
2.304

	
0.023


	
MCHC (g/dl)
                     Mean ± SD
                     Range
	
31.1 ± 1.2
28.4-33.7
	
   30.5 ± 1.2
  29.9-31.8
	
-0.9862


	
0.001



	
	
	
	
	

	
	
	
	
	


SD = Standard Deviation; MCV = Mean Corpuscular Volume; MCH = Mean Corpuscular Haemoglobin; MCHC = Mean Corpuscular Haemoglobin Concentration; fl = femtolitre;  pg = pictogram; g/dl = gram per decilitre













Table IV. Mean values of red blood cell indices in subjects and controls less than two years 
	


Red blood indices		Acyanotic		Control	t-value		p-value
				n = 24			n =18
	


Hb conc (g/dl)		
Mean+ SD 		9.9  +	1.3		10.01+	0.9	-4.279		0.001
Range 			6.6 – 12.3		8.6 – 12.0

MCV (fl)		
Mean+ SD 		77  +	8.1		76.50+	5.8	-1.679		0.096
Range 			6.6 – 12.3		8.6 – 12.0

MCH (ng/cell)		
Mean+ SD 		24.3  +	2.9		23.3+	1.6	-1.735		0.087
Range 			29.6 – 33.2		28.6 – 33.6

MCHC (g/dl)		
Mean+ SD 		31.3  +	0.9		30.8 + 1.2	-0.126		0.900
Range 			29.6 – 33.2		28.6 – 33.6

	


Hb= Haemoglobin; SD = Standard Deviation; MCV = Mean Corpuscular Volume; MCH = Mean Corpuscular Haemoglobin; MCHC = Mean Corpuscular Haemoglobin Concentration; fl = femtoliter; pg = pictogram; g/dl = gram per deciliter



Table V. Mean values of red blood cell indices in subjects and controls from two to five years 
	


Red blood indices		Acyanotic		Control	t-value		p-value
				n = 23			n =27
	


Hb conc (g/dl)		
Mean+ SD 		11.3  +	1.4		10.70+	1.0	1.378		0.171
Range 			9.3 – 16.3		8.0 – 12.2

MCV (fl)		
Mean+ SD 		80.8  +	6.6		76.30+	4.8	-0.278		0.78
Range 			67.7 – 92.9		69.9 – 84.4

MCH (ng/cell)		
Mean+ SD 		25.13  + 2.3		23.3+	1.8	-0.939		0.350
Range 			20.9 – 29.2		18.8 – 28.1

MCHC (g/dl)		
Mean+ SD 		30.9  +	1.2		30.6 + 1.3	-0.085		0.932
Range 			29.1 – 33.6		27.6 – 33.3

	


Hb= Haemoglobin; SD = Standard Deviation; MCV = Mean Corpuscular Volume; MCH = Mean Corpuscular Haemoglobin; MCHC = Mean Corpuscular Haemoglobin Concentration; fl = femtoliter; pg = pictogram; g/dl = gram per deciliter



Table VI. Mean values of red blood cell indices in subjects and controls above five years 
	


Red blood indices		Acyanotic		Control	t-value		p-value
				n = 12			n =14
	


Hb conc (g/dl)		
Mean+ SD 		11.2  +	1.5		11.30+	0.7	3.091		0.003
Range 			8.8 – 12.6		10.4 – 12.4

MCV (fl)		
Mean+ SD 		79.9  +	5.5		81.70+	3.9	2.647		0.011
Range 			70.6 – 88.3		76.7 – 88.3

MCH (ng/cell)		
Mean+ SD 		25.0  + 2.6		25.6 +	1.6	 2.986		0.003
Range 			20.9 – 29.8		23.2 – 28.1

MCHC (g/dl)		
Mean+ SD 		30.2  +	1.6		30.9 + 2.4	0.286		0.775
Range 			28.4 – 33.7		23.1 – 32.7

	


Hb= Haemoglobin; SD = Standard Deviation; MCV = Mean Corpuscular Volume; MCH = Mean Corpuscular Haemoglobin; MCHC = Mean Corpuscular Haemoglobin Concentration; fl = femtoliter; pg = pictogram; g/dl = gram per deciliter




Table VII. Mean values of serum iron status indicators.
	
	              Group
	
      Z
	
p –value

	
	Acyanotic  
n = 59
	Control 
n = 59
	
	

	Serum ferritin (µg/L)
                       Median
                       IQR
	
    44.0
29.1– 70.0

	
    36.0
24.0– 90.0

	
-0.285


	
0.776

	Serum iron (µg/dL)
                      
                      Median
                      IQR
 TIBC (µg/dL)
                      Mean ± SD                                                         
                      Range

Transferrin saturation (%)
                      Median
                      IQR
                     
	

   28.4
17.6 – 42.1

352.6 ±76.2
183.0 – 506.0


     7.8
5.6 – 12.5
	
 
  165.3
36.3– 174.4

386.9±84.0 
328.7– 424.8


   39.1
32.7– 42.8

	

-4.472



-2.133* 



   -3.297      
	
 
0.001



0.035



0.001


* = t – value; IQR = Interquantile range; SD = Standard Deviation; TIBC = Total Iron Binding Capacity; µg/L = micro per litre; µg/dL= micrograms per deciliter; % = percentage
  


















Table VIII. Median/Mean values of serum iron status indicators in subjects and controls less than two years 
	


Red blood indices		Acyanotic		Control	t-value		p-value
				n = 24			n =18
	


Serum Ferritin (ug/L)		
Median		42.6	            	74		-1.704		0.088
IQR			21.4 – 60.3		35.1 – 127.0

Serum Iron (ug/L)		
Median		27.6	            	166.8		-3.600		0.001
IQR			17.2– 41.7		60.2 – 174.0

TIBC (ug/L)		
Mean +SD		332.9+	64.2            	366.7+	85.2	-1.392		0.153
Range			207.0 – 442.0		224.2 – 577.8

Transferrin Saturation (%)		
Median		9.6	            	47.8		-3.313		0.001
IQR			5.9– 12.5		13.8 – 57.5

	


IQR = Interquartile range; SD = Standard deviation; µg/L = microgram per Litre; µg/dL = microgram per decilitre; % = Percentage




Table IX. Median/Mean values of serum iron status indicators in subjects and controls from two to five years of age. 
	


Red blood indices		Acyanotic		Control	t-value		p-value
				n = 23			n =27
	


Serum Ferritin (ug/L)		
Median		49.5	            	34.6		-0.661		0.509
IQR			21.8 – 75.0		20.0 – 55.0

Serum Iron (ug/L)		
Median		29.1	            	164.8		-1.864		0.062
IQR			19.1– 152.0		28.5 – 173.0

TIBC (ug/L)		
Mean +SD		368.3+	73.4            	397.2+	88.4	-1.072		0.920
Range			249.0 – 474.0		347.7 – 433.0

Transferrin Saturation (%)		
Median		7.1	            	31.3		-0.853		0.394
IQR			4.9– 58.4		7.3 – 48.6

	


IQR = Interquartile range; SD = Standard deviation; µg/L = microgram per Litre; µg/dL = microgram per decilitre; % = Percentage




Table X. Median/Mean values of serum iron status indicators in subjects and controls above five years of age. 
	


Red blood indices		Acyanotic		Control	t-value		p-value
				n = 12			n =14
	


Serum Ferritin (ug/L)		
Median		54.0	            	36		-1.734		0.083
IQR			42.5 – 90.0		24.0 – 79.1

Serum Iron (ug/L)		
Median		23.5	            	164.8		-2.755		0.006
IQR			17.3– 37.3		26.4 – 176.4

TIBC (ug/L)		
Mean +SD		370.2+	100.7            	393.1+	74.5	-0.627		0.443
Range			183.0 – 506.0		260.0 – 532.1

Transferrin Saturation (%)		
Median		7.2	            	42.1		-1.764		0.078
IQR			5.3– 9.3		6.5 – 52.7

	


IQR = Interquartile range; SD = Standard deviation; µg/L = microgram per Litre; µg/dL = microgram per decilitre; % = Percentage



Table XI: Prevalence of iron deficiency, Latent iron deficiency and iron deficiency anaemia among the subjects and controls 
	
	              Group
	

	
p –value

	
	Acyanotic  
  n = 59 (%)
	Control 
n = 59 (%)
	
	

	
	
	
	
	


Iron deficiency				2(3.4)		3(5.1)			       1.000
Latent iron deficiency				8(13.6)		9(15.3)			       1.000
Iron deficiency anaemia  		            0(0.0)		0(0.0)
___________________________________________________________________________


[bookmark: _GoBack]Table XII: Test of association between iron status and socio-demographic variables of children with acyanotic congenital heart disease 
	
	Iron deficient
n=2(%)
	Iron sufficient
n=57(%)
	Total
N = 59
	p value

	Gender
Male
Female
	
2 (7.14)
0(0.0)
	
26(93.0)
31(100.0)
	
   28(47.5)
   31 (52.5)
	
0.221

	Age group (months)
<24
24-59
>60
	
0 (0.0)
2 (8.7)
0 (0.0)
	
24 (100.0)
21 (91.3)
12(100.0)
	
26 (44.1)
30 (50.9)
19 (32.2)
	

0.427

	Socio economic status
Upper
Middle
Lower
	
1 (3.0)
1(5.9)
0(0.0)
	
33 (97.1)
16 (94.1)
7 (100.0)
	
34 (57.6)
17 (28.8)
7 (11.9)
	

0.425


*Statistical Significant p < 0.05.              Statistical test used was Fisher exact test


Discussion
There are few publications on the iron status of children with acyanotic congenital heart diseases.(8,13) Children with acyanotic congenital heart diseases are prone to macronutrient and micronutrient deficiencies. (14,15)Identified risk factors for micronutrient and macronutrient deficiencies in children with acyanotic congenital heart diseases include feeding difficulties, poor absorption and increase metabolic demand. (16,17) 
Majority of cases in the current study had echocardiography diagnosis of ventricular septal defect which was seen in over one-third of cases. This is in keeping with previously reported studies. (9,18-20)  

In the current study, no significant difference was observed in haemoglobin concentration, mean corpuscular haemoglobin and mean corpuscular volume in all the cases and the controls. This finding is in contrast to report by Drossos and co-researchers (21) where over one-third of acyanotic subjects had anaemia. The mean value of haemoglobin concentration in both cases and control in the current study however is lower than the cut-off value of 11g/dl used by Drossos et al. (21) Lower mean MCV and MCHC compared to the standard in both the cases and controls was also observed in the current study. The finding of lowest MHC and MCV in subjects below two years in the current study shows that this age group is at higher risk of anaemia. The finding of low mean red cell indices compared to the cut-off values in both cases and control in the current study shows the risk of iron deficiency anemia these subjects are prone which is not limited to those with acyanotic congenital heart diseases. Iron deficiency anaemia is the commonest form of anaemia in children and identification of early stage of this nutritional anaemia in apparently healthy subjects also in current study is not surprising.   

In the current study, haemoglobin concentration was significantly lower in cases below two years and above five years than in the controls. Also, a significantly higher MCV in cases above five years than in controls was observed. With careful search, no study has compared haematologic indices between children with acyanotic heart disease and apparently healthy children, hence, no comparison can be made. This finding could be a pointer to higher risk of iron deficiency anaemia in acyanotic subjects in these age groups. 

Serum iron, transferrin saturation and TIBC were significantly higher in cases than controls in the present study. According to age stratification, iron status indicators were higher in control than the cases except for serum ferritin. This finding further reflects a higher risk for iron deficiency anaemia in children with acyanotic congenital heart diseases compared to apparently healthy children. Serum ferritin was slightly higher, although not significantly in the cases than controls in the present study. This was also observed in all age groups except cases below two years. Ferritin is a protein that stores iron and it’s also an acute phase reactant. Its sensitivity in predicting iron deficiency anaemia in chronic inflammatory conditions with elevated acute phase reactants such as chronic heart failure, a common complication in children with acyanotic congenital heart disease has been documented. (22)This may account for the elevated serum ferritin level in the cases than the controls in the present study.

Latent iron deficiency occurred in nearly one-fourth and one-fourth of cases and control respectively in the current study. No subject had iron deficiency anaemia and iron deficiency occurred in almost equal proportion between the cases and the controls. This is in contrast to the finding by Binh et al(8) were 3% of subjects with acyanotic anemia had iron deficiency anaemia. Finding of subjects with latent iron deficiency and iron deficiency in the present study shows that these subjects are in the early stages with risk of progression to iron deficiency anaemia with time. 

There was no relationship between the socioeconomic status and occurrence of iron deficiency in the subjects. This is in keeping with finding by Akodu et al23 in a study done in the same region. Low socioeconomic status has been found to predispose to iron deficiency. (24) Likely reason for lack of relationship between iron deficiency anaemia and social class in the current study is possibly as a result of few subjects identified with the deficiency. 
Iron deficiency anaemia is commoner in adolescent females due to blood loss with menstruation, hormonal imbalance and poor nutrition. (25) No established relationship of iron deficiency anemia and gender was established in the current study. This is probably due to the age bracket studied (with maximal age of twelve) as well as few adolescents involved in the current study. 

No relationship was established between age and iron status in the present study. Previous report has shown that iron deficiency anaemia is common in preschool children. (26) The possible reason for no difference in iron status of subjects in respect to age is possibly due to few numbers of subjects with iron deficiency anaemia.  

Conclusion
Children with acyanotic congenital heart disease as well as apparently healthy children are at risk of iron deficiency anaemia. Iron deficiency and latent iron deficiency progresses to iron deficiency anaemia if not treated. There is need for routine assessment of iron status and nutritional counseling in children with acyanotic anaemia to reduce the morbidity and mortality associated with iron deficiency in these children.
Limitation
This is a single center study. 
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