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ABSTRACT 
 
Overview: Anemia is very common in primary care consultations and pediatrics, and IDA is the cause 
of 50% of all cases of anemia.  
 
Methodology: Literature review and documentary descriptive analysis of the pathogenesis of iron-
deficiency anemia, the basic diagnostic tests to study IDA and the significance of such using a specific 
time period in the documentary search and inclusion criteria that takes into account factors that are 
analyzed in the study: Ideas about the metabolism of iron. Ideas about hematopoiesis. Laboratory 
diagnosis and classification of anemia. Clinical features of iron deficiency anemia. Causes of iron 
deficiency.  
 
Results and conclusion: The staged documentary study covers the publications on the pathogenesis 
of iron deficiency anemia, the basic diagnostic tests to study the IDA and the significance of such, and it 
shows how important this data is for professional nursing in the area of primary care and pediatrics, to 
identify it and act accordingly. 

 

RESUMEN 
 
Resumen: La anemia presenta una elevada prevalencia en las consultas de atención primaria y 
pediatría, y la ADH representa el 50% de todos los casos de anemia.  
 
Metodología: Revisión bibliográfica y análisis descriptivo documental sobre etiopatogenia de la anemia 
ferropénica, las pruebas diagnósticas básicas para el estudio de la ADH  y su significado, utilizando una 
temporalidad determinada en la búsqueda documental y criterios de inclusión atendiendo a las 
dimensiones que se analizan en el estudio: Nociones acerca del metabolismo del hierro. Nociones 
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acerca de la hematopoyesis. Diagnóstico por el laboratorio y clasificación de las anemias. Clínica de la 
anemia ferropénica. Causas de la deficiencia de hierro.  
 
Resultados y conclusión: EL estudio documental efectuado nos presenta la existencia de 
publicaciones con contenidos sobre etiopatogenia de la anemia ferropénica, las pruebas diagnósticas 
básicas para el estudio de la ADH  y su significado, evidenciando la importancia de este contenido para 
el profesional de enfermería en el área de la atención primaria y pediatría.  

 
 
INTRODUCTION 
 
The WHO defines anemia as being the drop in the hemoglobin level two standard 
deviations below that of the normal value for the age and gender in question (1). In 
practical terms the values of 13 g/dl in men, 12 g/dl in women and 11 in pregnant 
women can be used. In children aged 6 months to 6 years old 11/g/dl and from 6 years 
old to 14, 12 g/dl. These criteria are based on studies of the population that do not 
include seniors over 65, which means that perhaps it cannot be used for elderly 
people.  
           
Anemia is highly prevalent in primary care consultations, pediatrics, and during 
pregnancy. Iron deficiency (ID) is not the same as iron deficiency anemia (IDA). The 
latter is the most common cause of anemia in the world and it is a major health 
problem mainly in underdeveloped countries. The IDA is very widespread, so much so 
that it affects 5% of children and adolescents, 10% of premenopausal women and 1% 
of men; and it can affect as many as 40% of the seniors who are looked after at home. 
 
The majority of health services have clinical guidelines on how to control anemia in 
general and/or anemia during pregnancy (2, 3) 

 
Anemia during pregnancy is considered to be a risk factor and it can lead to anemia in 
new-borns due to the short supply of iron. (4) 

 
Pediatric anemia: IDA affects the growth and the development of children, it decreases 
their immune system resistance against infections and it alters their   psychomotor 
development and cognitive function. (5, 6) 

 
According to the WHO report for the 1993-2005 period, IDA affected 47.4% of pre-
schoolers and any figure over 40% is considered to be a serious health problem for 
this organisation. (7). 

 
Gastrointestinal bleeding always has to be ruled out when it comes to IDA in 
postmenopausal women, adults and seniors. 
 
OBJECTIVE 
 
The objective of this paper is to identify the pathogenesis of iron deficiency anemia, 
the basic diagnostic tests to study the IDA and the significance of such using a 
literature review, and recognize the different stages of iron deficiency early on at 
primary care consultations, in pediatrics and during pregnancy as a preventive 
measure and as a chance to improve all the work involved in these processes in 
nursing. 
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METHODOLOGY 
 
Literature review published on the pathogenesis of iron deficiency anemia and 
diagnostic testing to analyze the IDA and the significance of such. 
 
Descriptive documentary study using different bibliographic sources and databases on 
the subject matter under analysis.  
 
The bibliographic search focused on the years 2000-2014, and there were other 
publications on the topic used for reference whose temporality was outside this time 
period.  
 
The inclusion criteria in the bibliographical search focus on articles and the 
documentation published on the subject matter, within the chosen time period, which 
was refined according to their content and factors to be analyzed (Ideas about iron 
metabolism. Ideas about the hematopoiesis. Laboratory diagnosis and the 
classification of the different types of anemia. Clinical features of iron deficiency 
anemia. Causes of iron deficiency.) 
 
Descriptors or key words of the search have been used such as: Iron deficiency 
anemia in children (4368 articles), iron deficiency anemia during pregnancy (up to 
2173 articles) and in seniors (4605) and a selection has been made from these in 
compliance with the inclusion criteria of the review carried out.  
 
RESULTS 
 
 1.-The metabolism of iron 
 
Iron is important because it is part of the hemoglobin and the cytochromes. When you 
stop growing, the body iron levels remain constant within very tight margins. The body 
iron is hoarded and recycled through various iron storage pools. (8, 9) 

 
 -Absorption: The iron consumed through the food that we eat must be absorbed, then 
it is carried through the blood and finally it is stored to form part of the iron storage 
pool (the iron supply). The iron consumed through the food comes in the form of Fe 
+++ although it is absorbed in the duodenum and upper jejunum as Fe ++, which 
means that it undergoes a reduction process involving ascorbic acid. Only 10% of iron 
is absorbed from food, which stands for 0.25 % of the total amount of body iron. 
Different factors favour or hinder iron absorption. 
 
The amount of iron absorbed depends on the amount of iron the body actually needs. 
Iron absorption is favoured by iron deficiency anemia. Iron metabolism is unique in that 
the iron balance is basically controlled by the absorption more than by the excretion. 
 
Dietary iron: the dietary iron intake is approximately 10 to 30 mg/day for adults. With 
the absorption of 5 to 10% of dietary iron (0.5 a 1 mg), the amount increases to 20% in 
the case of iron deficiency and it decreases if there is an overload of iron. 
 
-Transport: The iron in the blood binds to its carrier protein (transferrin). The iron-
transferrin complex is captured in the cells by a specific receptor. 
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The transferrin is synthesized in the liver and the transferrin concentration in the blood 
exceeds the iron binding capacity and approximately two thirds of the binding capacity 
is unsaturated. 
 
Finally, iron has to be stored as ferritin and/or hemosiderin; approximately 1 
microgram/L of serum ferritin represents 10 mg of stored iron.   
 
Iron distribution: the most important iron storage pool is in the red blood cells as the 
hemoglobin contains approximately 2500 mg of iron. Another 40 mg is found in the 
myoglobin. The storage organs of iron contain 800 to 1200 mg.  Only 4 mg of iron 
binds to the transferrin. 
 
Iron requirements and balance: Healthy adults and post-menopausal women need 
approximately 1 mg/day. 
 
Women of fertile age and blood donors, etc. need 5 mg of iron. 
 
Pregnant women need 7 mg/day. 
 
The elimination of iron from the body is not so well controlled; approximately 1 mg a 
day is excreted through the intestines, urine and perspiration. During   menstruation 
between 15 to 30 mg of iron is lost, which can be made up for by increasing the 
amount absorbed, although this is more difficult to make up for in the case of 
menorrhagia; iron can also be lost when blood is donated frequently and during 
childhood, when taking too many blood tests can also result in an iron deficiency. 
 
2.-Hematopoiesis 
 
The formation of the main components of blood (leucocytes, red blood cells and 
platelets) takes place in the bone marrow and the process is called hematopoiesis. 
Derived from a pluripotent stem cell and stimulated by the erythropoietin, this stem cell 
would, after cellular differentiation, give rise to the formation of the mature red blood 
cell process known as erythropoiesis. (10) The erythropoietin (EPO) is the main growth 
factor needed to regulate the erythropoiesis. This is produced in the kidneys. It 
stimulates the proliferation of the erythroid series and the release of the reticulocytes 
from the bone marrow. Approximately 20-30% of the stem cells differentiate towards 
the erythropoiesis. The red blood cell is a nucleated cell, whose main function, thanks 
to the hemoglobin (Hb), is to carry the oxygen to the body tissues. 
 
Hemoglobin is synthesized in the normoblast stage, and when this is totally   
hemoglobinized the nucleus is extruded and the reticulocyte is produced.  
 
Normal hematopoiesis is maintained through an adequate iron supply together with a 
suitable concentration of vitamin B-12 and folic acid. 
 
The Hb is made up of a protein part (globin) and the heme group (that contains an iron 
atom). 
 
As red blood cells get older they are phagocytized by the cells of the mononuclear 
phagocyte system. This occurs at approximately 120 days and approximately 0.8% of 
the pool of erythrocytes is lysed, which keeps a balance between what is produced 
and what is destroyed. 
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  3. - Laboratory diagnosis and classifying anemia 
 
3.1. - The laboratory in diagnosing iron deficiency anemia. (4). Firstly it has to be 
confirmed that the patient has anemia and then it has to be determined whether this is 
due to an iron deficiency and to this end we will ask for: 
 
 -The most basic complete blood count (CBC) test, which provides us with a lot of 
information such as the number of red blood cells, the total amount of hemoglobin in 
the blood and the red blood cell indices MCV, MCH. As well as the number of 
leukocytes and platelets. All this data is useful when it comes to classifying the 
anemia. Iron deficiency anemia is often a risk factor for reactive thrombocytosis. 
 
-Parameters related to the metabolism of iron: Serum iron, transferrin, transferrin 
saturation percentage, and the soluble transferrin receptor (sTfR). 
 
- Assessment of iron storage pools: serum ferritin. 
 
-Blood smear test: This shows the hemoglobin (hypochromia) content, the changes in 
shape (poikilocytosis) and the size (anisocytosis) that help make a correct diagnosis. 
 
Clinical significance of the different proteins that are involved in carrying and storing 
iron. 
 
 Ferritin: This is the most important iron storage protein. High concentrations of this 
protein are found in the liver, the spleen and the bone marrow. It contains between 15 
and 20% of the body iron. 
 
A small amount of the ferritin produced is secreted by the cells and goes into the 
bloodstream. There is a direct correlation between the amount of this protein and the 
iron stored so that: 1 mcg/L of serum ferritin represents 10 mg of iron stored. The 
serum ferritin is a good indicator of the storage iron pools. (11) But the fact that ferritin is 
also an acute-phase reactant should also be taken into account, as it means that 
sometimes the C-reactive protein (CRP) test also has to be carried out in order to rule 
out the existence of any infections/ inflammatory processes. Ferritin is therefore very 
useful to evaluate the metabolism of iron. Values of < 12 ng/ml point to the existence 
of a latent iron deficiency. A high ferritin value of > 400 ng/ml implies that there is an 
iron overload. 
 
Transferrin, transferrin saturation: Transferrin is a protein that is synthesized in the 
liver and between 15 and 45% is saturated with iron. If there is a functional iron 
deficiency more of this protein will be synthesized; high values are found in iron 
deficiency and during pregnancy. 
 
Soluble transferrin receptor (sTfR): Approximately 75% of the transferrin receptors are 
found in the erythroid precursors. The number of transferrin receptors increases when 
there is a functional iron deficiency. The soluble form is known as (sTfR). This is the 
only biological marker that associates an iron deficiency with erythropoiesis. It 
therefore complements ferritin. The sTfR is not affected by the acute-phase reactants 
so it highlights an iron deficiency where there is an infection, inflammation and/or 
tumours. (12) 
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3.2- Classifying anemia 
 
A practical way of classifying anemia is by focusing on the red blood cell size (MCV) 
and the hemoglobin amount per red blood cell (MCH). These are two of the 
parameters that provide us with the reading of any hemogram using modern cell 
counters. 
 
- The size can point to normocytic anemia, microcytic anemia and macrocytic anemia 
and according to Hb amount (MCH) normochromic anemia, hypochromic anemia and 
hyperchromic anemia 13 (Table I). 
 

Table I Classifying anemia according to the MCV and the MCH 

 Microcytic Normocytic Macrocytic 

Hb (g/dl) 
 

H: < 13.5 
M: < 12.5 
N: < 11.5 

 H: < 13.5 
M: < 12.5 
N: < 11.5 

H: < 13.5 
M: < 12.5 
N: < 11.5 

HCM (pg) Hypochromic  
< 28 pg/h 

Normochromic 
 28-33 pg/h 

Hyperchromic  
 33 pg/h 

MCV (fl) < 80 fl 80-96 fl  96 fl 

H: Male; M. Female; N. Child; Hb: hemoglobin; MCH: mean corpuscular hemoglobin; MCV: mean 
corpuscular volume 
 
Microcytic anemia and hypochromic anemia are normally caused by iron deficiency 
anemia. 
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Figure I-Algorithm with the diagnosis of the hypochromic anemia (12) 
 

 
 
Abbreviations:  

- ID: iron deficiency 
- IDA: iron deficiency anemia 
- Hb: hemoglobin  
- MCV: mean corpuscular volume 
- MCH: mean corpuscular hemoglobin  
- sTfR: Soluble transferrin receptor  
- CRP: C-reactive protein   

 

 
 
-  According to the clinical severity: 
  

 Severe anemia: Hb < 7.0 g/dl 

 Moderate anemia 7.1 -10.0 g/dl 

 Mild anemia 10.1 – 10.9 g/dl 
 
The IDA is the final stage of a process that begins with the latent iron deficiency, 
where there is no anemia only a deficiency of iron; then the iron-transport deficiency, 
where as well as low ferritin levels, the TSAT is below 15% and finally the IDA with low 
ferritin levels, TSAT < 15% and anemia. (Table II) 
 
 
 
 
 

Hb ↓(anemia) 

MCH (hypochromic) 

MCV (Microcytic or 

normocytic) 

 

 

 

Vcm ( 

 

Ferritin↓ 

sTfR high 

 CRP –N-high 

Ferritin ↑- Normal 

sTfR normal 

 CRP ↑ 
 

Ferritin  normal or ↑ 

sTfR ↑↓ 

 CRP- ↑  

 

Hypochromic anemia 

associated with iron 

deficiency   

  

Secondary anaemia 

due to irregular 

distribution of iron 

Abnormal use of iron 
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Table II. Classifying the different stages of iron deficiency 

 Hb Ferritin  
ng/ml 

sTfR  
ng/L 

Transferrin  
mg/dl 

TSAT % 

Latent iron 
deficiency 

Normal < 2 0 < 5 360  15 

Iron-transport 
deficiency 

Normal < 12 >5 >380 < 15 

Iron 
deficiency 

anemia 

Decreasing < 12 >5 >380 < 15% 

 
- Other types of anemia due to the irregular distribution of iron: 14, 15 

 
Anemia of chronic disease (AEC): In these cases there is a redistribution of iron with 
an increase in the iron storage pools and a relative shortage of iron supplied to the 
erythropoietic cells due to less transferrin being synthesized. This shortage of iron 
would have a protective effect against infection. 
 
Kidney disease anemia: In this case the iron storage pools are normal but the    iron 
mobilization is impaired (low transferrin saturation), which could lead to      inadequate 
erythropoiesis and a functional iron deficiency. Iron cannot be taken orally because 
absorption is impaired. 
 
Sometimes anemia of chronic kidney disease is complicated by a hemolytic factor. 
 
- Abnormal erythropoiesis that is caused by iron: 
 Vitamin B-12 and folic acid deficiency 
 
Thalassemia: This disease involves a decrease or absence of the globin chain 
synthesis. The globin chain structure is normal. Thalassemia can be alpha, beta, 
gamma or delta, depending on the amount of the globin that is affected. It usually 
occurs with microcytosis, hypochromia and anemia of variable intensity. 13, 14 

 
Microcytosis and hypochromia can be mistaken for iron deficiency anemia.  
 
Alpha thalassemia minor and beta thalassemia minor are the most common. The fact 
that children with thalassemia can also have iron deficiency anemia should be taken 
into account, which is why they could need some type of iron treatment taken orally. 
As less of a globin chain is synthesized, the synthesis of other globins increases (Hb 
A2, Hb F). Quantifying these hemoglobins helps us classify them. 
 
However, not all microcytic and hypochromic anemia are caused by iron deficiency 
and in this group those in which there is a misuse of iron, such as anemia of chronic 
disease should be highlighted etc. 
 
4. - Clinical features of iron deficiency anemia. 
  
The clinical features of iron deficiency anemia are no different from those of the other 
types of anemia, that is to say, it is unspecific; and basically the symptoms are fatigue, 
tiredness, weakness; although these symptoms depend more of the speed that the 
anemia sets in than the actual hemoglobin levels. 
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Many of the symptoms can be explained by the iron deficiency. 
 
Pagophagia: compulsive tendency to eat ice.  
 
Geophagia: tendency to eat clay-rich dirt 
 
Changes in the epithelium: koilonychia, angular cheilitis, atrophy of taste buds on 
tongue, changes in the intestinal mucosa. 
 
Exercise intolerance, behavior changes: the child becomes apathetic and irritable. 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
5..-Causes of iron deficiency: (16)  
 
The physiologic needs for iron increase: growth, menstruation, pregnancy, breast 
feeding 
 
Bleeding: gastrointestinal, urogenital, iatrogenic  
 
Poor iron absorption: gastrectomy, chronic atrophic gastritis, drugs 
 
Inadequate supply: seniors, vegetarians 
 
The IDA is part of a more complex diagnosis and its relevance varies in the 
different stages of life. 
 
A. - During childhood it could be due to the fact that the body needs more iron as it 
grows. In the case of a sick child the number of blood samples taken for tests and the 
amount extracted is very important. (17, 18, 19) 

 

New-borns start life with about 80 mg of iron per Kg of weight and 50 g/Kg of this 
forms part of the Hb. The body iron in a new-born is determined by the body weight 
and the circulating hemoglobin mass. Immediately after the umbilical cord is cut when 
a baby is born 15% to 30% of the total body iron is lost. The concentration of Hb in 
new-borns has nothing to do with the mother’s Hb and body iron levels. There is no 
correlation between the mother’s levels of ferritin and the umbilical cord blood either. 
 
The new-borns of diabetic women can have iron deficiencies in spite of their high birth 
weight. 
 
During the first 5 months new-borns can double their body weight without   depleting 
their iron stores. After that iron absorption is important to maintain the iron balance. 
 
During the first year of life a child needs more iron than in the rest of their life. Children 
need 0.5 mg/d to satisfy the iron requirements as they grow. It is highly unlikely that 
milk can supply this amount of iron; however, iron deficiency anemia is rare in 
breastfed babies. This could explain why up to 80% of the iron from milk is absorbed. 
The nutritional status of breastfed babies is much better than babies fed with cow’s 
milk. Breastfed babies aged between 6 and 12 months can develop an iron deficiency. 
 
The prevalence of ID is associated with the socioeconomic status of the family. It is 
also related to the cognitive function and even with febrile seizures.   
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B. - In fertile women the iron lost could be explained by menstruation, pregnancy and 
breastfeeding.  (20) 

 
During menstruation the majority of women lose 40 ml of blood, which is equal to 20 
mg of iron. In Europe our diet contains enough iron to make up for the loss of 80 ml of 
blood, which is the same as 1.2 mg/d. Heavy menstrual bleeding is the main cause of 
anemia and it affects 9-14% of women. (21) 

 
During pregnancy approximately 680 mg of iron is lost. This is much more than what 
can be absorbed, which is why iron supplements are needed during gestation. 
 
Currently more than 40 million pregnant women in developing countries have iron 
deficiencies. Anemia caused by iron deficiencies stand for 75%-95% of the cases of 
anemia during pregnancy. Iron deficiency anemia during pregnancy has been 
associated with premature babies, low birth weight, and maternal mortality. The body 
needs different amounts of iron throughout pregnancy. Between 4 and 5 mg of iron is 
needed during the 2nd and 3rd trimester. The best way to make up for this deficiency is 
oral iron prophylaxis. During pregnancy the physiological iron requirements cannot be 
made up for just by taking folic acid. 60 mg of iron plus folic acid is recommended for 
women without anemia. (22) 
 
C. - In postmenopausal women, adults and seniors the diagnosis could be more 
serious and gastrointestinal bleeding has to be ruled out. (23) 

 
The Hb levels are not so well defined in seniors to diagnose anemia. 
 
In seniors a normal ferritin level does not always rule out an iron deficiency, which is 
why the cut-off level to predict iron deficiency has to be raised to 50 micrograms/L. 
 
In this group of patients a gastrointestinal tract study is recommended given the high 
incidence of hidden lesions that are detected. 
 
In 68% of the patients over 75 with iron deficiency anemia for whom an endoscopy 
was carried out, the cause was found to be bleeding and in up to   11% of the cases it 
was due to a synchronous lesion. 
 
The absence of an iron deficiency does not rule out the existence of digestive system 
neoplasms (24). What causes anemia in between 20-30% of seniors is unknown and 
this is referred to as the “Idiopathic Anemia of Aging”. 
 
CONCLUSIONS 
 

- The diagnosis and the classification of IDA is based on simple techniques that 

are readily available in any clinical laboratory, 

- The IDA is the end of a process that begins with iron deficiency. 

- The clinical features of IDA are similar to those of other types of anemia 

although there are specific symptoms that can be attributed to iron deficiency. 

- IDA is the most common type of anemia in all stages of life. 
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- During infancy babies aged between 6 and 12 months old who are fed 

exclusively on cow’s milk can develop an iron deficiency. A major cause of IDA 

in children admitted into hospital is the high number of blood samples taken. 

- IDA is the cause of between 75%-95% cases of anemia during pregnancy. 

- In the case of postmenopausal women, adults and seniors gastrointestinal 

bleeding always has to be ruled out. 

- In 20-30% of the cases of IDA in seniors the etiology is unknown. 
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