
Abstract

Objective: To assess iron deficiency or overload in infants with sickle cell disease in order to support the 
decision to recommend (or not) iron prophylactic supplementation in this population.

Methods: Cross-sectional and retrospective study with 135 infants below 2 years old (66 boys and 69 girls), 
77 with SS and 58 with SC hemoglobin, born between 2005 and 2006 in Minas Gerais, Brazil. Indicators of possible 
iron deficiency were: mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), transferrin saturation 
(TS), and ferritin. Blood transfusions had been given to 17 infants (12.6%, 95% confidence interval [95%CI] 
7.0‑18.2%) before laboratory tests were done.

Results: Ferritin and TS were significantly lower in SC infants (p < 0.001). When two indices were considered 
for the definition of iron deficiency (low MCV or MCH plus low ferritin or TS), 17.8% of children (95%CI 11.3‑24.3%) 
presented iron deficiency, mainly those with SC hemoglobin (p = 0.003). An analysis of infants who were not given 
transfusions (n = 118) showed that 19.5% presented iron deficiency. Fifteen infants (11.3%, 95%CI 5.9-16.7%) 
presented increased ferritin; the majority had been transfused.

Conclusions: Most infants with sickle cell disease do not develop iron deficiency, though some have a significant 
deficit. This study indicates that infants with sickle cell disease, mainly those with SC hemoglobin, may receive 
prophylactic iron; however, supplementation should be withdrawn after the first blood transfusion.
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Introduction

Iron deficiency anemia is the most severe form of lack 

of iron and one of the many untoward consequences of this 

condition. It is also the most prevalent nutritional disease 

in the world.1 Iron deficiency affects individuals of all ages, 

though some age groups are more susceptible, such as 

children and women of reproductive age.2 With the purpose 

of lowering the prevalence of iron deficiency anemia, the 

Brazilian Ministry of Health carries out iron supplementation 

programs aimed at these groups.3

Sickle cell disease is the most common hereditary 

monogenic disease in the world, particularly within 

populations of African descent, and it is considered a 

public health problem in Brazil.4 The potential risk of iron 

overload could justify excluding children with sickle cell 

disease from the aforementioned programs. Mechanisms 

that foster iron tissue storage, however, are not completely 

elucidated and do not seem to be similar to those in 

patients with other hereditary hemolytic anemias.5 Infants 
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with sickle cell disease, nevertheless, are at risk of iron 

deficiency due to the accelerated growth that is typical 

of their age group.6 The paucity of studies providing 

a more systematic assessment of the iron nutritional 

status in infants with sickle cell disease is evident. The 

heterogeneity found in the reported results seems to 

stem from the diversity of the groups studied in terms 

of age, sex, and transfusion status.6-14

Considering the high prevalence of iron deficiency anemia 

in the Brazilian population,15-18 the lack of knowledge about 

this issue is rather worrying and raises the question: are 

infants with sickle cell disease at risk of iron deficiency or 

iron overload? The purpose of this study was to determine 

the prevalence of iron deficiency or overload in children with 

sickle cell disease, as a first step to make recommendations 

about iron prophylactic supplementation for this particular 

group of infants.

Methods

This is a retrospective cross-sectional study that involved 

135 infants diagnosed with sickle cell disease by the Newborn 

Screening Program of the State of Minas Gerais (Programa 

Estadual de Triagem Neonatal de Minas Gerais, PETN-MG), 

a Southeastern state in Brazil. They were followed up at 

Fundação Hemominas in Belo Horizonte.

The study population initially comprised all 160 children 

tracked by the PETN-MG from Jan 1, 2005 to Dec 12, 2006 

and referred to the Hemocenter of Belo Horizonte for their 

first appointment at about 2 months of age. All had FS or 

FSC hemoglobin (Hb) profiles when they were born. Twenty-

five children were excluded: 4 were later diagnosed with 

Sβ+-thalassemia, 5 were transferred to other hemocenters, 

2 had their blood collected at privately-owned laboratories 

and 14 did not have their blood collected in time to research. 

Among the 135 infants studied, 17 (12.6%, 95% confidence 

interval [95%CI] 7.0-18.2%) were given at least one red 

blood cell transfusion. No children had received prophylactic 

iron supplementation.

Weight and height at the time of blood collection were 

transformed into z scores for height/age (HAZ), weight/age 

(WAZ), and weight/height (WHZ) and compared to the 

reference 2000 Center for Disease Control and Prevention 

growth charts in Epi-Info 3.5.1.19 A measuring rod was used 

to gauge the height, with the infant in a supine position; 

a standard calibrated weight scale was used throughout 

the study.

Blood for the laboratory tests was drawn during the 

second hematologic visit at Fundação Hemominas, around 

the eighth month of age, or at any time thereafter if not 

collected at that point. A complete blood cell count, as well 

as mean corpuscular volume (MCV) and mean corpuscular 

hemoglobin (MCH), were determined by an automatic cell 

counter (Coulter T 890); reticulocyte count, by brilliant 

cresyl blue dye; serum iron, total iron binding capacity, and 

transferrin saturation (TS), by modified Goodwin method, 

using CELM E225, Bioclin Quibasa; and serum ferritin, by 

immunoturbidimetry, using Beckman Coulter Access 2. 

Reference values were those reported before.20,21 Children 

with MCV < 70 fl, MCH < 23 pg, TS < 12% and ferritin 

< 10 µg/L were considered to be potentially iron deficient. 

Increased ferritin concentration was defined as values 

above 142 µg/L.21

Student’s t test or Mann-Whitney test were respectively 

used for comparisons of means between variables normally 

distributed or not. Kolmogorov-Smirnov statistic tested the 

normality of the distribution. Possible associations between 

nominal variables were assessed using the Fisher’s exact 

test. The statistical significance level for the alpha error 

was p ≤ 0.05.

The project was approved by the Universidade Federal 

de Minas Gerais (UFMG) Research Ethics Committee and 

by the Fundação Hemominas Ethics Committee, and was 

granted financial support from the Brazilian Ministry of 

Health (FNS:172179850001/06-009).

Results

The study comprised 135 infants, 66 (48.9%) males and 

69 (51.1%) females; 77 with SS hemoglobinopathy (57%) 

and 58 with SC hemoglobinopathy (43%). Age varied from 

5.7 to 25.2 months, median 9.9 months.

Among these children, there was a pair of twins, 13 were 

premature (birth age lower than or equal to 37 weeks), and 

seven infants were classified as low weight (birth weight 

lower than or equal to 2 500 g but born at term). There 

was no difference in weight (p = 0.93) and gestational age 

(p = 0.71) among children with SS vs. SC Hb. 

A comparative analysis of the anthropometric data from 

these children with those from the population of reference 

demonstrated that only the WAZ score was significantly 

lower in the children under study (p < 0.001). No differences 

were found regarding WAZ, HAZ and WHZ scores among 

children with SS and SC Hb (p = 0.93, 0.59, and 0.61, 

respectively).

Results from hematological and biochemical tests are 

presented in Table 1; 15/77 SS vs. 2/58 SC infants had 

been transfused before tests (p = 0.007).

Comparing transfused patients (n = 17) with non-

transfused ones (n = 118), there were no differences 

between genders (p = 0.44) or weight at birth (p = 0.66), 

even though there was a small difference with respect to 

gestational age (39 vs. 40 weeks, respectively; p = 0.02). 

No significant differences were detected for total Hb, fetal 

Hb, white blood cell count, and platelets. Reticulocyte 

count was higher in the transfused group (12.8 vs. 4%; 

p = 0.01). Indicators of possible iron deficiency (MCV, MCH, 
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Test	 n	 Mean	 Minimum	 25th percentile	 Median	 75th percentile	 Maximum

Hb (g/dL)	 135	 8.9	 4.3	 7.9	 9.0	 9.9	 12.5

MCV* (fl)	 134	 75.1	 47.1	 69.4	 75.4	 81.5	 103.0

MCH* (pg)	 134	 23.5	 14.0	 21.4	 23.9	 25.8	 32.1

WBC (x109/L)	 135	 14.1	 6.7	 10.4	 12.8	 16.6	 38.3

Platelets (x109/L)	 135	 433.2	 135.0	 327.0	 404.0	 515.0	 1,362.0

Reticulocytes (%)	 133	 7.7	 0.6	 2.2	 4.6	 12.5	 28.0

Fetal Hb (%)	 50	 16.9	 1.0	 5.8	 15.5	 26.3	 42.0

Serum iron* (µg/dL)	 132	 74.7	 9.0	 53.0	 72.0	 95.0	 232.0

Ferritin (µg/L)	 133	 64.6	 4.0	 22.0	 38.0	 81.0	 462.0

TS* (%)	 132	 20.4	 2.4	 15.1	 20.2	 25.7	 44.1

Table 1 -	 Laboratory tests for 135 infants with sickle cell disease identified by the Newborn Screening Program of the State of Minas Gerais, 
Brazil (2005-2006)

Hb = hemoglobin; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; TS = transferrin saturation; WBC = white blood cell count.
*	 Only these variables had a Gaussian distribution of values.

Test	 Transfused infants	 Non-transfused infants

	 (n = 17) 	 (n = 118)	 p

Hb* (g/dL)	 8.6	 9.2	 0.24

Fetal Hb* (%)	 13.0	 15.5	 0.43

Reticulocytes* (%)	 12.8	 4.0	 0.01

WBC* (x 109/L)	 16.1	 12.6	 0.054

Platelets* (x 109/L)	 440.0	 400.5	 0.69

MCV† (fl)	 82.7	 74.1	 0.001

MCH† (pg)	 25.8	 23.2	 0.003

Serum iron† (µg/dL)	 92.7	 72.2	 0.02

TS† (%)	 26.5	 19.5	 0.002

Ferritin* (µg/L) 	 132.0	 35.5	 0.001

Table 2 -	 Comparison between laboratory tests of infants who were given at least one red blood cell transfusion and of those who  
were not

Hb = hemoglobin; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; TS = transferrin saturation; WBC = white blood cell count.
*	 Median values and Mann-Whitney test.
†	 Mean values and t test.

serum iron, TS, and ferritin) were all significantly lower in 

the non-transfused group (Table 2).

When only the non-transfused children were analyzed, 

there were no differences with regard to gender (p = 

0.71), birth weight (p = 0.92) or gestational age (p = 0.8) 

between SS (n = 62) and SC children (n = 56). Regarding 

the hematological tests, SC children presented, as expected, 

total Hb levels higher than SS children, as well as lower fetal 

Hb concentration and lower reticulocyte count (p < 0.001, 

Table 3). White blood cell count was not different between 

SS and SC groups (p = 0.8), and platelet count was slightly 

higher in SC children (p = 0.024). Indicators of possible 

iron deficiency were all significantly lower in SC infants 

(p ≤ 0.001, Table 3).

When only the SS children were analyzed (n = 77), there 

were no statistically significant differences between the 

transfused (n = 15) and the non-transfused group (n = 62) 

with regard to gender (p = 0.58), birth weight (p = 0.92) 

or gestational age (p = 0.1), neither with regard to total 

Hb (p = 0.92), white blood cell count (p = 0.094), platelets 

(p = 0.52) or reticulocytes (p = 0.13). Only fetal Hb was 

found to be higher in the non-transfused group (p = 0.042). 

Iron deficient infants with sickle cell disease – Rodrigues PC et al.
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Test	 SC infants	 SS infants

	 (n = 56)	 (n = 62)	 p

Hb* (g/dL)	 8.9	 7.1	 < 0.001

Fetal Hb* (%)	 7.0	 25.0	 < 0.001

Reticulocytes* (%)	 2.4	 12.0	 < 0.001

WBC* (x 109/L)	 12.8	 11.9	 0.8

Platelets* (x 109/L)	 435	 383.5	 0.024

MCV† (fl)	 69.5	 78.3	 < 0.001

MCH† (pg)	 21.8	 24.9	 < 0.001

Serum iron† (µg/dL)	 58.7	 84.9	 < 0.001

TS† (%)	 16.5	 22.3	 < 0.001

Ferritin* (µg/L) 	 27.0	 44.5	 0.001

Table 3 -	 Comparison between laboratory tests of infants who did not receive blood transfusion (n = 118), according to the type of 
hemoglobinopathy (SC or SS)

Hb = hemoglobin; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; TS = transferrin saturation; WBC = white blood cell count.
*	 Median values and Mann-Whitney test.
†	 Mean values and t test.

Regarding the indicators of possible iron deficiency, the non-

transfused group presented lower values for all variables, but 

the differences were statistically significant only for ferritin 

and MCV (p = 0.003 and 0.046, respectively).

Despite the restricted number of SC children who were 

given a transfusion (n = 2) in comparison with the non-

transfused group (n = 56), there were statistically significant 

differences with respect to serum iron (p = 0.029) and TS 

levels (p = 0.036) and not significant differences with respect 

to MCV, MCH and ferritin levels, which were all lower in the 

non-transfused group.

The analysis of infants with MCV, MCH, ferritin and TS 

values lower than the reference values for their age group 

revealed that: a) 35/134 children (26.1%) were detected 

with MCV < 70 fl; b) 54/134 (40.3%), with MCH < 23 pg; 

c) 16/133 (12%), with ferritin < 10 µg/L; and d) 20/132 

(15.2%), with TS < 12%. The stratification of these patients 

according to their Hb type revealed a higher prevalence of 

abnormal values for SC infants regarding MCV (p < 0.001), 

MCH (p < 0.001) and TS (p = 0.014), but no significant 

differences with regard to ferritin (p = 0.11).

When defining as iron deficient those children who had 

the MCV or MCH lower than the reference limit for their age 

group and, simultaneously, had either of their iron kinetics 

tests (ferritin or TS) also below the reference limit, 24 

children were considered to have iron deficiency (17.8%, 

95%CI 11.3-24.3%). 

Using the same criteria, SC infants had a significantly 

greater percentage of iron deficiency than SS infants 

(p = 0.003, Table 4). Hb profile (SS or SC) was not 

associated with prematurity or low birth weight (p = 0.81). 

Likewise, iron deficiency was not found to be associated 

with prematurity and low birth weight in the present study 

(p = 0.76). Therefore, the aforementioned association of 

SC infants with iron deficiency was not confounded by other 

possible variables.

Among the 17 children who were given at least one 

transfusion, only one was iron deficient; among the 118 

who did not receive a transfusion, 23 (19.5%) had iron 

deficiency (p = 0.31).

Considering children with ferritin concentration above 

142 µg/L as having increased ferritin concentration,21 

15/133 cases were detected (11.3%, 95%CI 5.9-16.7%; 

ferritin was not determined in two children): 13 were SS 

and 2 were SC (p = 0.024). Among children who received at 

least one transfusion, 8/17 (47.1%) had increased ferritin; 

on the other hand, when considering the 116 children who 

were not given a transfusion, 7 (6%) had increased ferritin 

(p < 0.001).

Discussion

The importance of newborn screening programs has been 

duly recognized ever since their implementation. In Brazil, 

the inclusion of screening for sickle cell disease, a pioneering 

undertaking by the State of Minas Gerais,4 represents an 

important and historical landmark in healthcare for sickle 

cell patients and consolidated, in an indisputable manner, 

the need for further study and comprehension of this 

disease and its consequences during the lives of affected 

individuals.

This study is relevant, since there have been no previous 

systematized research studies in Brazil that allowed for 

inferences regarding the nutritional status of iron in children 

Iron deficient infants with sickle cell disease – Rodrigues PC et al.
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	 Iron deficiency†

Hemoglobin profile	 No	 Yes	 Total

SC	 41 (70.7%)	 17 (29.3%)	 58 (100%)

SS	 70 (90.9%)	 7 (9.1%)	 77 (100%)

Total	 111 (82.2%)	 24 (17.8%)	 135 (100%)

*	 p = 0.003.
†	 Two indices were considered to define iron deficiency (low mean corpuscular volume or mean corpuscular 

hemoglobin plus low ferritin or transferrin saturation).

Table 4 -	 Association between iron deficiency and hemoglobinopathy (SC vs. SS 
infants*)

with sickle cell disease. The study population (n = 135) was 

superior to those of most other studies conducted abroad 

with similar purposes.6-11,13,14 All children were diagnosed 

through the PETN-MG program, were followed up at a 

single service unit and had their tests done at a single 

laboratory, which allowed for sample uniformity. As this 

is a retrospective study, it was not possible to assess the 

dietary habits of participants, due to the heterogeneity of 

the data previously collected. The majority of other studies, 

likewise, did not assess dietary habits.6,10-12

Children with sickle cell disease, beginning at 2 years 

of age, show impaired somatic growth that affects weight 

more than height and is progressively aggravated up to the 

age of 18.22 There are studies that demonstrate differences 

between SS and SC children, with the latter having a smaller 

deficit, which may be explained by the greater clinical severity 

of the former.22 In the present study, children with sickle 

cell disease were, in their majority, full term infants with 

adequate weight for their gestational age. They did show 

some weight deficit, but no height deficit, when compared 

with the standard population. No significant difference was 

noticed in the anthropometric indices when the groups were 

separated as per hemoglobinopathy (SS vs. SC). Brazilian 

studies dealing with the growth and nutritional assessment 

of children with sickle cell disease found weight and height 

deficits over time,10,23 but children were generally older 

than those of our study.

Patients with sickle cell disease quite often need blood 

transfusion to treat some acute clinical events. The small 

number of children who had been given a transfusion in the 

present study (12.5%) is surely explained by their age below 

two and by improvements of healthcare and monitoring in 

our Hematology Center. The “Hemominas card,” which is 

given to every patient, registers the basal Hb concentration 

and other clinical data. Accordingly, transfusion indications 

are restricted to those strictly necessary and are based 

on the correlation between the clinical manifestations and 

the laboratory tests and not only upon the results of these 

tests. 

There is great debate on which should be the most 

adequate method of diagnosing iron deficiency in individuals 

with sickle cell disease, due to characteristics that are 

inherent to the disease. The majority of currently used tests 

for that diagnosis have difficulties in their interpretation, be 

it in a combined or in an isolated approach. The presence 

of microcytosis may result from genetic alterations such 

as α-thalassemia, which affects 30 to 35% of the Hb S 

population.7,15 In our Hematology Center, 30% of SS children 

have –α3.7 deletions.24

Serum iron presents circadian variations and depends 

on dietary conditions. On the other hand, an increased 

iron binding capacity and a decreased TS seem to be good 

indicators of iron deficiency.14,25 Low serum ferritin is also 

a good indicator,7 but even if it is within the normal range, 

iron deficiency may not be ruled out, since inflammatory 

and infectious processes, which are rather common events 

in sickle cell disease, may increase ferritin concentration 

above the reference values.14 Bone marrow evaluation of 

iron, an invasive method, may not be reliable for body 

iron assessment.26 Free erythrocyte protoporphyrin has 

limited value in diagnosing iron deficiency in patients 

with sickle cell disease, as the figures are increased due 

to reticulocytosis.25 Similarly, serum transferrin receptor 

determination, useful in patients with suspected iron 

deficiency anemia, does not seem to be a sensitive 

method in patients with sickle cell disease. A three- to 

fourfold increase in relation to normal values may be 

found in situations of iron deficiency in patients without 

hemoglobinopathy. In patients with sickle cell disease, 

however, its increase is a sign of the exacerbated hemolysis 

Iron deficient infants with sickle cell disease – Rodrigues PC et al.
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and erythropoietic drive, thus obscuring concomitant iron 

deficiency.14

The present study suggests that 17.8% of the children 

were iron deficient when a combined criterion of low MCV 

or MCH and a simultaneous low ferritin or TS was used. 

Other studies have found a prevalence from 8.5 up to 

100%,6-10,12-14 depending on the age of the children, the 

definition for iron deficiency, and the economic status of 

the country where the study was done. A Jamaican study 

assessed 141 patients younger than 5 years (121 SS and 

20 SC) and found iron deficiency anemia in 8.5% of the 

children.12 Similar to our results, when the groups were 

separated, SC children showed a higher prevalence of 

iron deficiency (42%) than SS children (5.8%). The single 

study that was not able to find iron deficiency was a North 

American study assessing 104 SS children with an average 

age of 7.3 years, much higher than that of the present 

study. Findings were attributed to the improvement of the 

dietary conditions among the African American population 

over the years.11

A recent review of Brazilian studies has shown that the 

median prevalence of anemia in children below 5 years of age 

is 53% and may be higher in infants.15 In the present study, 

children were all below 2 years, the age with the greater 

risk for the development of iron deficiency. Though with a 

chronic hemolytic anemia, these patients experience the 

same nutritional hindrances as other Brazilian children in the 

same age group. In the presence of iron deficiency, anemia 

can be aggravated in these children, and the possibility 

of overloading the cardiovascular system, which leads to 

poor tissue oxygenation and hinders their performance of 

activities and growing, is a threat.22

The negative consequences of anemia in long-term 

neurocognitive development are well known. Most of the 

studies dealing with iron-deficient children have found an 

association between iron deficiency and hindered motor 

and cognitive development, in addition to behavioral 

problems.27,28 Children with sickle cell disease face a greater 

risk of having learning disabilities than their siblings or 

peers who do not have the disease, probably due to cerebral 

strokes, silent or not, caused by the characteristic recurrent 

cerebral vaso-occlusive episodes. Other mechanisms may 

also be involved, such as chronic anemia and reduced 

pulmonary function, which would lead to chronic tissue 

hypoxia and its ensuing consequences.29,30

Given the impact of iron deficiency anemia on somatic and 

cognitive development, and the lack of evidence that would 

contraindicate iron supplementation in infants with sickle 

cell disease, an individualized assessment is suggested. On 

the other hand, considering the small number of children 

with high ferritin levels in the present study and the strong 

association of ferritin with blood transfusions, it may be 

inferred that there is low risk in the use of fortified flours 

and of iron supplementation for infants with sickle cell 

disease, mainly for those with SC disease. Many of these 

infants were found to have iron deficiency in our study. Our 

reasoning is that it may be inadequate to hold back iron 

supplementation for these infants fearing iron accumulation, 

because, in an already complex condition that often limits 

proper development, allowing for the addition of one more 

aggravating factor seems to be unwise. 

The limitations of this study are: a) its cross-sectional 

design, which does not allow for a longitudinal evaluation of 

the laboratory data of the children with sickle cell disease 

during the first three years of life; b) the retrospective 

collection of data, which does not allow for a homogenous 

laboratorial assessment at pre-determined ages. A 

prospective longitudinal study has been devised to ascertain 

whether these conclusions really are applicable for children 

with sickle cell disease; c) the absence of a control group 

without sickle cell disease. Such a group could add to the 

study, but its absence does not preclude valid conclusions, 

given the fact that the prevalence of anemia in Brazilian 

infants is consistently very high all over the country, as 

stated before.15,16,18

In conclusion, infants with sickle cell disease, mainly 

those with the SC type, may have iron deficit. Iron 

supplementation may be given and withdrawn after the first 

blood transfusion. Iron kinetics tests are useful in doubtful 

cases and should be interpreted on the basis of clinical and 

hematological data. Longitudinal studies are needed to 

confirm these recommendations.
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