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ABSTRACT  
INTRODUCTION 
Iron deficiency is the world most prevalent nutritional disorder which is associated with 
impaired neurocognitive function in infants. The prevalence of iron deficiency anemia 
(IDA) in Portuguese infants remains unknown. The last study was performed by one of 
us (HA) in 1994 in a sample of 188 infants revealing a prevalence of IDA of 19%. The 
main objective of this study is to determine the current prevalence of IDA in a sample of 
infants nine months of age in Braga, Portugal. 
METHODS 
This was a cross-sectional study on a random sample of infants born from September 
2016 to February 2017 at Braga Hospital. They were evaluated for anthropometry, 
socio-economic factors, feeding regime and a blood sample was taken for blood cell 
counts, serum ferritin and C reactive protein. 
RESULTS 
Forty-two infants were included. The prevalence of IDA was 7.1%.  Nine infants were 
anemic (21%); moderate anemia was observed in 2/9 of infants and mild anemia in 7/9 
infants. Of the 3 infants with IDA, 2 had been exclusively breastfed until 6 months. 
CONCLUSIONS 
Compared to a study from 1994, there may have been a reduction in the prevalence of 
IDA in this area in Portugal.  
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INTRODUCTION  
Iron deficiency anemia (IDA) is the most common nutrient deficiency in the 
industrialized world, particularly among pre‐school children, and there is evidence of an 
association with delayed mental development.1 IDA in infants remains underdiagnosed, 
as most infants do not undergo blood tests unless suggestive clinical signs are present. 
Further, these symptoms and signs--pallor, irritability, poor feeding, fatigue, lethargy, and 
pica--are non-specific.2 There is a clear association between IDA and impaired 
neurocognitive function with implications for intellectual function in childhood3, and this 
association continues even after its successful treatment.4 

 

According to the World Health Organization (WHO) data, the prevalence of anemia and 
IDA remains high in late infancy and early childhood despite the increased breastfeeding 
rate, improvements in public health, and development of iron-fortified foods.5 
The prevalence of iron deficiency may be as high as 30% in toddlers from developed 
countries.6,7 

 
The Portuguese prevalence of IDA in infants remains unknown. The most recent study 
was performed in 1994 in a sample of 188 infants aged nine months revealing a 
prevalence of 19.4%.8 About the study performed in 1994, the sample was consisting of 
the first 188 infants born during September to October’94 at São Marcos Hospital, in 
Braga, Portugal, with weight according to gestational age according to Lubchenco's 
reference curve for newborns. At about the same period in time, in Bristol, UK,  
Hopkins et al.1, using the anemia definition set forth by the WHO, hemoglobin [Hb] <110 
g/L, found a prevalence of overall anemia of 23% at 8 months of age and 18% at 12 
months of age. 
 
The main objective of the present study is to determine the current prevalence of IDA in 
a sample of infants aged nine months and born in another hospital in Braga, Portugal.  
 

METHODS  
One hundred and fifteen infants of nine months of age, born at Braga’s Hospital between 
September 2016 and February 2017, randomly chosen, were selected for this study. There 
were no exclusion criteria. However, the parents of only 42 infants both decided to 
participate in this study and attended the medical appointment. During consultation, 
infants were evaluated for anthropometry (weight, length and head circumference), socio-
economic factors, and feeding regime, a replication of the methods use in 1994.8 All these 
data were collected at the beginning of the appointment, through the administration of a 
questionnaire validated and agreed to by the Ethical Commission of Braga’s Hospital. 
The anthropometry evaluation was performed using the same weight scale and tape 
measure for each child to minimize the possible error. Blood samples were taken for blood 
cell counts, serum ferritin and C reactive protein.  
 
By WHO criteria, infants were labelled anemic if their hemoglobin level was less than 
110 g/L, with IDA if, in addition, they had a ferritin value of less than 12 g/L, and the 
severity of anemia was defined according to patients' Hb levels: severe anemia, Hb < 70.0 
g/L; moderate anemia, Hb 70.0-99.0 g/L; and mild anemia, Hb 100.0-109.0 g/L.9 
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Infants were considered to be supplemented with vitamin C at home if they had received 
a daily dose of at least 15mg per day for at least three months. The infants diagnosed with 
IDA were treated with iron, 3 mg/kg/day for 3-6 mo. 
 
Whole blood and serum samples were collected in EDTA and serum gel pediatric tubes 
(Sardstedt®), respectively. A full blood count was performed using automated analyzers 
Sysmex XE 5000® and Sysmex XN 2000™. Serum ferritin was determined by LOCI® 
technology and c reactive protein by nephelometry in a Siemens Dimension Vista 1500® 
analyzer. 
 
Data were analyzed using IMB SPSS Statistics 25.0 for Windows using non-parametric 
tests due the small sample. This study was approved by Ethical Committee of Braga’s 
Hospital. All parents/guardians signed a consent form. 
 

RESULTS  
Forty-two infants were included in this study; 21 were females. All infants in this sample 
were healthy, full-term, and without history of intrauterine growth restriction or 
prematurity. All 42 infants were supplemented with vitamin D in appropriate doses and 
none had received vitamin C supplementation. All mothers of these infants were 
supplemented with iron during pregnancy. 
 
The prevalence of IDA was 7.1%. The median hemoglobin in IDA group was 102 g/L 
with median ferritin of 5 µg/L. The differences seen in blood values between the infants 
with and without IDA were not statistically significant, probably in part due to the small 
sample size. See Table 1. In addition, there was no statistically significant difference for 
anthropometric values between groups with and without anemia.  
 
 
Table 1 - Comparison of hematological values between infants with and without IDA  

 With IDA (n=3) Without IDA (n=39) 
 Median (minimum, 

maximum) 
Median (minimum, 

maximum) 
p-value 

Hb (g/L) 102 (9.6-10.4) 116 (9.8-13) 0.367 
Htc (%) 31.2 (30.2-33) 34.4 (30.3-37.9) 0.896 
MGV (fL) 62.5 (58-71.2) 75.6 (68.4-81) 0.364 
MGHC (g/dL) 30.9 (30.8-34.3) 33.5 (31.8-37.3) 0.837 
RDW (%) 16.8 (12.7-19.3) 13.4 (11.8-16.4) 0.476 
Ferritin (µg/L) 5 (3-10) 29 (13-66) 0.966 
C reactive protein 
(mg/dL) 

0 6 (0-15)  
3 infants had CRP > 
5mg/dL with normal Hb 
and ferritin  

Legend: Hb - Hemoglobin, Htc – Hematocrit, MGV – Mean Globular Volume, MGHC – Mean Cellular 
Hemoglobin Concentration, RDW – Red Cell Distribution Width, IDA – iron deficiency anemia 
 
Nine infants were anemic (21.4%). According to the WHO anemia classification, there 
were 2 cases of moderate anemia and 7 of mild anemia.  
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Among the 3 infants with IDA, 2 were exclusively breast fed until 6 months. See in Table 
2 the characterization of feeding regime and iron supplementation among the infants with 
IDA.  
 
 
Table 2 - The characterization of fed regime and iron supplementation of infants with 
IDA 
 Fed regime until 6 months Fed regime at 9 months 

Breast 
fed 

Formula 
fed 

Iron 
supplementation 

Breast 
fed 

Formula 
fed 

Iron 
supplementation 

Patient 
1 

Yes No No Yes No  No 

Patient 
2 

Yes Yes Yes 
(2.5mg/kg/day) 

No Yes Yes 
(1mg/kg/day) 

Patient 
3 

Yes No Yes 
(2mg/kg/day) 

Yes No Yes 
(1mg/kg/day) 

 

 
DISCUSSION   
In our sample of nine-month old infants there may have been a reduction in the prevalence 
of IDA compared to the study from 1994.8 During the last 15 years, the public health 
policies and population education about the importance of preventing IDA in infancy, 
initiating with iron supplementation during pregnancy and delayed umbilical cord 
clamping, all may have contributed to this apparently positive development. Risk factors 
associated with a higher prevalence of IDA include low birth weight, high cow's-milk 
intake, low intake of iron-rich complementary foods, and low socioeconomic status.11 
According to Antunes et al.,12 male gender is also an important clinical risk factor for iron 
deficiency in healthy infants.  
 
Studies on anemia in infancy have been conducted in the United States13, Sweden14, 
Southeast Asia15 and South Korea2, all finding that IDA in infants was more prevalent in 
boys than in girls age < 2 years (M:F = 2.14:12). According to Antunes et al and Domellöf 
et al., at 9 months of age, male infants have significantly lower hemoglobin level and 
exhibit a 10-fold higher risk of being diagnosed with IDA than female infants. It was 
suggested that the reasons for increased IDA risk in the male infants were a higher pre- 
and post-natal growth rate, an increased fetal erythropoietic activity resulting in a low 
iron storage state, lower iron absorption, larger intestinal iron loss, and more frequent 
infections in boys than in girls. 8.14  
 
From the age of 6 months, all infants and toddlers should receive iron-rich foods, 
including meat products and iron-fortified foods; unmodified cow’s milk should not be 
the main milk drink to infants before the age of 12 month.11 According to Antunes et al., 
iron therapy can reverse some of the adverse effects in the development of children with 
IDA and therefore IDA prevention, screening and treatment can be justified.17 Of the 
developmental factors delayed by IDA, motor development seems to be the first to 
improve after iron therapy.18 
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Pediatricians should collect an accurate history of infant feeding practices (feeding type, 
the timing of weaning initiation, and contents of weaning food) during health screening 
visits, and should recommend blood tests to high-risk infants in order to facilitate the 
early detection of IDA. 
 
The small sample was one major limitation of this study. Parents/guardians were at first 
very receptive to participating in the study, but the need to perform a venous puncture 
demotivated most of them. Larger studies in infants and toddlers in Portugal are necessary 
to assess and eventually improve iron nutritional status and to reduce IDA. 
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