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Abstract

Introduction: Anemia is one of the most important
nutritional deficiencies affecting various social and socio-
economic strata. It is more common in developing coun-
tries, with children and adolescents being at a signifi-
cantly higher risk for the condition.

Objective: To perform a literature review on iron defi-
ciency anemia in adolescence as a public health issue and
on the risk factors that may contribute towards nutri-
tional deficiencies, stunted growth and development in
this age group, emphasizing the physiopathology and
causes of anemia, the different diagnostic approaches,
and its clinical characteristics, prevention and treatment.

Methodology: The LILACS-BIREME, SCIELO and
PUBMED databases were consulted for the study. Scien-
tific papers published in Spanish, Portuguese or English
between 2000 and 2013 on the subject of iron deficiency
anemia in adolescents were selected for inclusion. A total
of 102 studies published between January 1+, 2000 and
June 30", 2013 were identified and evaluated. Forty-two
articles meeting the inclusion criterion (adolescents with
anemia) were selected for this review. Finally, an analysis
was conducted and the papers were evaluated in accor-
dance with the study objectives.

Results and Discussion: The studies reviewed revealed
a prevalence of iron deficiency anemia of around 20% in
adolescents and described the harmful effects of anemia
in this age group.

Conclusion: Preventive action is required with respect
to iron deficiency anemia. Healthcare professionals
should be aware of the need for early diagnosis, prophy-
laxis and treatment.
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ANEMIA POR DEFICIENCIA DE HIERRO EN
ADOLESCENTES; UNA REVISION DE
LA LITERATURA

Resumen

Introduccion: La anemia es una de las deficiencias nu-
tricionales mas importantes que afecta a varios estratos
sociales y socioeconomicos. Es mas frecuente en paises en
vias de desarrollo, estando los nifios y los adolescentes en
un riesgo significativamente mayor para padecer esta
afeccion.

Objetivo: Realizar una revision bibliografica sobre la
anemia ferropénica en la adolescencia como un problema
de salud publica y sobre los factores de riesgo que podrian
contribuir en las deficiencias nutricionales, la detencion
del crecimiento y el desarrollo en este grupo de edad y po-
niendo el énfasis sobre la fisiopatologia y las causas de la
anemia, los diferentes abordajes diagnosticos y sus carac-
teristicas clinicas, la prevencion y el tratamiento.

Metodologia: Para este estudio, se consultaron las ba-
ses de datos LILACS-BIREME, SCIELO y PUBMED. Se
seleccionaron los trabajos cientificos publicados en espa-
fiol, portugués o inglés entre 2000 y 2013 sobre la anemia
ferropénica. Se identificaron y evaluaron un total de 102
estudios publicados entre el 1° de enero de 2000 y el 30 de
junio de 2013. Cuarenta y dos articulos que reunian los
criterios de inclusion (adolescentes con anemia) se selec-
cionaron para esta revision. Finalmente, se realizé un
analisis y se evaluaron los articulos de acuerdo con los ob-
jetivos del estudio.

Resultados y discusion: Los estudios revisados mostra-
ron una prevalencia de anemia ferropénica cercana al 20
% en los adolescentes y describian los efectos deletéreos
de la anemia en este grupo.

Conclusion: Se requiere una accién preventiva con res-
pecto a la anemia ferropénica. Los profesionales sanita-
rios deberian ser conscientes de la necesidad de un diag-
nostico, profilaxis y tratamiento precoces.

(Nutr Hosp. 2014;29:1240-1249)
DOI:10.3305/nh.2014.29.6.7245
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Abbreviations

Hb: Hemoglobin.

HbA2: Hemoglobin A2.

Ht: Hematocrit.

MCV: Mean corpuscular volume.
RDW: Red cell distribution width.
WHO: World Health Organization.

Introduction

Anemia is a term given to a pathological process in
which erythrocyte hemoglobin (Hb), hematocrit (Ht) and
the concentration of red blood cells per unit of volume are
abnormally low compared to the peripheral blood para-
meters of a reference population. In normal individuals,
hematocrit and hemoglobin levels vary in accordance
with the phase of development of the individual, and as a
function of hormonal stimulation, environmental oxygen
pressure, age and gender'. The cut-off hemoglobin limits
established by the World Health Organization (WHO) to
define iron deficiency anemia are shown in table I.

Iron deficiency

The amount of iron in the body varies according to
weight, gender, hemoglobin level and the size of body
iron stores?. Iron deficiency is defined by a reduction in
ferritin levels that generally results from a diet in which
the bioavailability of iron is inadequate or from an in-
creased need for iron during a period of intense growth
(pregnancy, adolescence and infancy). Decreased fer-
ritin levels may also be the consequence of extensive
blood loss, either in hemorrhagic conditions or in cases
of occult bleeding**, or following inflammatory
processes caused by various chronic diseases.

Iron deficiency anemia

Iron deficiency anemia is the most advanced stage of
iron deficiency. It is characterized not only by low he-

Table I
Hemoglobin cut-off levels for diagnosing anemia,
in accordance with the 2001 World Health Organization

moglobin and hematocrit levels but also by a reduction
or depletion of iron stores, by low serum iron levels and
decreased transferrin saturation’. In general, serum iron
levels decrease in the presence of acute and chronic in-
fections, extensive inflammatory processes, malignant
neoplasms, during menstruation and, principally, when
there is a prolonged deficit of iron in the diet. *”High
levels, on the other hand, may be a consequence of iron
poisoning or may present during some types of he-
molytic anemia, hemochromatosis and sideroblastic
anemia®’.

Iron is known to play an important role in the forma-
tion of hemoglobin, myoglobin and other heme pro-
teins. In the diet, iron is present in red meat, eggs, veg-
etables and grains. Its absorption depends largely on its
balance in the body. Commonly, around 10% of iron
intake is absorbed. Infants and children, particularly
schoolchildren, need iron-rich diets for their growth,
psychomotor development and intellectual capacity®.
Evidence that iron deficiency hampers psychomotor
development and cognitive function is attracting more
and more interest. These alterations are particularly
concerning, since they occur even in the presence of
relatively mild anemia (Hb levels <11 g/dl) and their
reversibility remains uncertain®®.

Epidemiology

Anemia is considered the most common nutritional
deficiency worldwide and in 95% of cases it is associa-
ted with an iron-poor diet?, despite the fact that iron is
the second most abundant metal in the earth’s crust.
Anemia is more common in infants, in children of 3 to
6 years of age and in adolescents of 11 to 17 years of
age'*! particularly those living in developing coun-
tries, constituting a serious public health issue’.

The World Health Organization estimates that
around two billion individuals worldwide, i.e. over
30% of the world’s population, are anemic, highligh-
ting the importance of anemia as a public health issue
in both developing and developed nations'>"*. In deve-
loped countries, 4.3 to 20% of the population, depen-
ding on age and gender, are affected by iron deficiency
anemia, while in developing countries these figures
range from 30 to 48%". Notwithstanding, few data are
currently available on the prevalence of iron deficiency
anemia in adolescents. Statistics published in the Uni-
ted States show iron deficiency prevalence rates of 9%

definitions . .
% in girls of 12 to 15 years of age and 16% in girls aged
Age Group and Gender Hemoglobin (g/dl) 16-19 years. In boys, th.ese rates are lower.”.

A study conducted in Switzerland with teenagers
Children of 6 to 59 months (both sexes) 11.0 showed a prevalence of anemia of 14.5% in girls and
Children of S to 11 years (both sexes) 115 7.9% in boys". In other European countries such as
Children of 12 to 14 years (both sexes) 12.0 Spain, Sweden and England, the prevalence of anemia
Non-pregnant women (> 15 years) 12.0 . 1617
in adolescents has been reported to be around 4.0%'"".

Pregnant women 11.0 . . . .. .
Men (> 15 years) 13.0 In dev.eloplng countries, the 51t}1at10n 1S more serious.
In India, a prevalence of anemia of 45% has been re-
Source: WHO, 2001 ported for teenage girls'®. In Indonesia, prevalence
Iron deficiency in adolescents; Nutr Hosp. 2014;29(6):1240-1249 1241

a literature review



rates were 26% and 11% for girls and boys, respective-
ly*. In Jamaica, anemia was identified in 25% of ado-
lescents of 12 to 15 years of age. '* More recent studies
conducted in the city of Porto in Portugal revealed a
prevalence of anemia of 2.6% in adolescents, with that
rate being higher in girls (4.1%) compared to boys
(1.0%)™.

In Brazil, although a multicenter nationwide survey
has yet to be conducted, there is a consensus within the
scientific community that the prevalence of iron defi-
ciency anemia is high throughout the entire country, af-
fecting all social classes irrespective of the geographi-
cal region?', with an estimated rate of anemia of 20% in
adolescents®. Population-based studies in which the
prevalence of anemia is compared in urban and rural
areas show that the percentage of individuals with ane-
mia is much higher in rural areas. It is estimated that
around 50% of children in rural areas of Brazil have
iron deficiency anemia®, making this the most impor-
tant nutritional deficiency in rural compared to urban
areas of the country.

Risk factors for iron deficiency anemia

Adolescence is an important period of nutritional
vulnerability due to the increased nutritional demands
for growth and development during this phase. Iron re-
quirement is high because of intense growth and mus-
cle development, resulting in an increase in blood vo-
lume?. In adolescents, dietary iron intake may be poor
as the result of inadequate intake at this particular time
of life or the adolescent’s diet may have been iron-poor
since infancy; however, it is vital that there is an ade-
quate level of iron in the diet with sufficient bioavai-
lability to satisfy the body’s demands during this par-
ticular time of life*.

Another characteristic that is common among ado-
lescents refers to a change in dietary habits resulting
from peer influence, a need for self-affirmation within
the family or as the result of the behavioral or social
changes that teenagers face during this phase®. In this
context, food also serves as a vehicle that is used to
demonstrate feelings of rebelliousness and dissatisfac-
tion, particularly in families in which dialogue is la-
cking. In adolescence, eating disorders may include a
refusal to eat, excessive weight-loss diets and skipping
meals, all because of the undue importance given to
body image as a result of inappropriate advertising in
the media and the cult of ultrathin, often malnourished
models.

Another important aspect that should be taken into
consideration refers to the consequences of current
lifestyles, with increasing dependence on food that can
be prepared rapidly and simply. Fast food is potentially
harmful, since there are often important nutritional li-
mitations with this type of food, including its high
energy, fat and sodium content in conjunction with its
poor fiber, vitamin, calcium and iron content®*. Conse-

quently, adolescents’ diets are often based on inade-
quate socioeconomic and sociocultural values, a dis-
torted body image, poor family eating habits, the finan-
cial situation of the family, food consumed outside the
home, the availability, ease and speed of food prepara-
tion and the influence of peers and of the media. Most
of these factors contribute to an iron-poor diet.

Factors that predispose to iron deficiency anemia

Iron deficiency anemia is the result of a protracted
imbalance between iron intake and demand>?. A great
number of factors that predispose to iron deficiency
have been mentioned in the literature, particularly early
discontinuation of exclusive breastfeeding, lack of
iron-rich foods in the diet, frequent tea consumption,
prematurity, low birthweight, intrauterine growth res-
triction, twin pregnancies, perinatal bleeding, socioe-
conomic level, poor maternal schooling and poor basic
sanitation and life conditions>!'?2,

The most important factors determinin
iron deficiency anemia

1. Aninadequate diet, with poor iron, micronutrient
and vitamin content, leading to an insufficient in-
take of nutrients such as iron, folic acid, vitamin
A, vitamin B12 and vitamin D*. Multiple mi-
cronutrient deficiencies are still common world-
wide and may be present at any age, hampering
both physical and cognitive development®.

2. The use of medication and food that inhibit iron
absorption, including antacids, aspirin, non-
steroidal anti-inflammatory drugs, and exces-
sive phytate, phosphate, oxalate and tannin in-
take”.

3. Overweight and obesity. The prevalence of
overweight and obesity has increased signifi-
cantly in children and adolescents and, in these
individuals, iron deficiency may be related to a
micronutrient-poor, calorie-rich diet, to a
greater need for iron that is associated with body
weight, to genetic factors and/or to sedentari-
ness*'2. Furthermore, overweight and obesity
lead to a continuous inflammatory process, in-
tensifying anemia and hampering treatment®.

4. Malnutrition, when, in addition to an inadequate
diet, there are other possible associated condi-
tions such as malabsorption syndrome and/or
excessive iron loss. In this context, these pa-
tients also have flattening or atrophy of the in-
testinal villi, hampering micronutrient absorp-
tion34.35.

5. Another group that merits particular attention
consists of adolescent athletes in whom the
prevalence of iron deficiency ranges from 5 to
7.5%. In addition, they are predisposed to deve-
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loping “sports anemia”. This type of anemia
appears to be associated with various factors in-
cluding dilutional pseudoanemia, mechanical
intravascular hemolysis and iron loss?37,

6. Iron deficiency caused by blood loss resulting
from injury, accidents or blood donation (every
500 ml of blood donated per year results in the
loss of another 0.5 mg of iron/day)®.

7. Iron loss due to parasitosis of the gastrointesti-
nal tract (Entamoeba histolytica, Necator ame-
ricanus, Ascaris lumbricoides, Schistosoma
mansoni, Trichuris trichiura)®, esophagitis, an-
giodysplasia, telangiectasia, atrophic gastritis,
colitis, Helicobacter pylori infection, coeliac
disease®“, inflammatory bowel disease, diver-
ticulosis, hemorrhoids, gastrectomy or gastro-
plasty (bariatric surgery), etc.**

8. Genitourinary iron loss of various etiologies*,
including paroxysmal nocturnal hemoglobi-
nuria and glomerulonephritis.

9. Pregnancy, childbirth and the use of intrauterine
devices.

10. Menarche and menstrual abnormalities in ado-
lescents, in combination with an inadequate
diet. Heavy menstrual bleeding is also a com-
mon cause of iron deficiency and iron deficien-
cy anemia in women of reproductive age. In
these cases, menstrual bleeding is moderate, but
chronically heavier than normal, causing a ne-
gative iron balance*’**. Iron deficiency anemia is
less common in adolescent boys than in girls
and this is explained by the physiological in-
crease in hemoglobin levels caused by sexual
maturation. Nonetheless, iron deficiency may
be higher in this age group due to blood volume
expansion and the increase in muscle mass®*. On
the other hand, any increase in hemoglobin le-
vels that might be expected in girls is offset by
menstrual blood loss**. Other factors that may

increase the risk of anemia and iron deficiency
in girls include use of the intrauterine device,
pregnancy and also childbirth®-'.

11. The association between infection and anemia
remains controversial; however, the reduction
in hemoglobin levels during an infectious
process is presumed to be the result of impaired
iron release from the reticuloendothelial system
and a consequent reduction in the amount of
iron available for erythropoiesis®'.

Table II lists the most important factors responsible
for iron deficiency anemia in adolescents.

The influence of hormones as a cause of anemia
in adolescence

In adolescence, hemoglobin levels are admittedly
higher in males than in females because prostaglandins
(PGE) facilitate erythropoietic activity, both directly
(PGE 1) and via cyclic AMP (PGE 2). Androgens stimu-
late erythropoietin action by increasing or facilitating
its production in the erythroid stem cells. Conversely,
estrogens inhibit the effects of erythropoietin®.

Due to changes in the nutritional requirements of
adolescents —at menarche in girls and as a result of the
hormonal changes at puberty in boys— hemoglobin le-
vels differ as a function of gender, age or stage of sexual
maturity'>> (table I).

In women of reproductive age, menstrual bleeding
defines anemia, sometimes requiring daily oral iron
supplementation. Women in whom menstrual bleeding
is excessive, either with respect to the number of blee-
ding days or to the amount of flow and the occurrence
of menstrual clots, need to be monitored continuously
for as long as dysfunctional uterine bleeding is pre-
sent**, a period in which iron supplementation may in-
deed be required.

Table II
The most important factors contributing to iron deficiency anemia in adolescents

Causes Peculiarities

Iron-poor diet

Medication/food

Overweight and obesity

Malnutrition

Iron deficiency associated with sporting activities
Acute or chronic blood loss, injury, blood donation
Gastrointestinal tract disorders

Inappropriate dietary habits

Use of medication and foods that inhibit iron absorption

Iron requirements are higher as a function of weight and iron-poor food
Mucosal lesions of the duodenum prevent iron absorption

“Sports anemia”

Depletion caused by blood loss

Parasitosis, peptic disease, H. pylori infection, inflammatory bowel disease,

coeliac disease, hemorrhoids, diverticulitis

Genitourinary losses

Paroxysmal nocturnal hemoglobinuria

Menarche and menstrual abnormalities Metrorrhagia

Pregnancy, childbirth and use of an intrauterine device

Chronic and acute diseases

Iron deficiency in adolescents; Nutr Hosp. 2014;29(6):1240-1249 1243
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The physiopathology of iron deficiency anemia

The most important protein as far as iron reserves are
concerned is ferritin, which is found in almost all the
cells of the body, iron reserves being situated principa-
1ly in organs such as the spleen, liver and bone mar-
rOWSS.S().

Serum ferritin level is the most accurate indicator of
body iron stores”. Plasma ferritin levels decrease when
there is a deficiency of iron that is not complicated by
another concomitant disease. This reduction in ferritin
occurs early, well before the abnormalities in hemoglo-
bin levels, serum iron levels or in erythrocyte size be-
come apparent. On the other hand, increased ferritin
levels may occur in the presence of infections, neo-
plasms in general, and in cases of leukemia, lym-
phoma, breast cancer, renal disease, rheumatoid arthri-
tis, hemochromatosis or hemosiderosis, as well as
following alcohol consumption¥~".

Serum ferritin, when used alone as a single parame-
ter, is not considered a good indicator of the nutritional
iron status of a population, since this measurement
does not provide all the information necessary on the
prevalence of anemia®’?. To reach a definitive diagno-
sis of iron deficiency anemia, in addition to performing
a full blood count (hemoglobin, hematocrit, red blood
cell count), ferritin and serum iron levels should be
measured?*. Iron is essential for most living creatures,
since it plays a role in numerous vital processes ranging
from cell oxidative mechanisms to oxygen transport to
the tissues.

Iron homeostasis is regulated principally by iron ab-
sorption rather than excretion; therefore, serum iron
level reflects the balance between the amount of iron
absorbed and the amount used by the body>>*. Iron de-
ficiency develops gradually and progressively until
anemia is established®* (table III). The first stage of
anemia consists of iron depletion or a negative iron ba-
lance. It is characterized by a period of greater vulnera-
bility (affecting iron stores) and may progress slowly to
a more severe deficiency, with functional conse-
quences. As iron stores deplete, ferritin levels fall, with
iron values < 12 ng/ml corresponding to depleted iron
stores®.

The second stage, also referred to as “iron deficien-
cy”, is characterized by a phase of erythropoiesis. Iron
is depleted, but anemia is not yet present, although bio-
chemical abnormalities reflect its inability to produce
hemoglobin normally. The transferrin saturation index
is < 16% and there is an increase in red cell distribution
width (RDW) of more than 16% and a reduction in
mean corpuscular volume (MCV) < 80 fl, in the pre-
sence of populations of microcytic and hypochromic
erythrocytes>*%.

The third stage (iron deficiency anemia itself) is
characterized by a reduction in iron delivery to the
bone marrow, reducing both hemoglobin synthesis and
content in erythrocyte precursor cells. The damage in-
flicted on the body increases as the concentration of
available iron diminishes>*.

Diagnostic approach

To diagnose iron deficiency anemia, a full blood
count must be performed and serum ferritin levels must
be measured”#60¢!,

When iron is deficient, the body initially turns to its
iron stores, consequently depleting them. It is at this
stage that ferritin levels fall; however, there are no
functional abnormalities at this point. Next, serum iron
levels decrease, transferrin saturation diminishes and
iron-binding capacity increases; however, anemia is
not yet present. It is only when the negative iron ba-
lance persists that anemia develops or manifests it-
self»s1,

Diagnosis is based on three different aspects: a com-
plete history of the patient, focusing on possible signs
and symptoms; a detailed physical examination, also
taking the patient’s sexual maturation into considera-
tion; and laboratory tests.

In the majority of cases, the onset of anemia is insi-
dious, with symptoms appearing gradually. The princi-
pal symptoms are pallor, fatigue, dyspnea on exertion,
tachycardia, palpitations, physical debility, irritability,
anorexia, headache, paresthesia, retarded growth, pa-
pillary atrophy of the tongue, koilonychia, cheilitis,
swollen limbs, changes in appetite, mood changes,

Table 111
Stages involved in the onset of iron deficiency

Stage 1 Stage 2 Stage 3
Depletion of iron stores Depletion of iron stores Depletion of iron stores
Hemoglobin Normal Normal Reduced
Mean corpuscular volume (MCV) Normal Normal Reduced
Serum iron levels Normal Reduced Reduced
Ferritin Reduced Reduced Reduced
Iron-binding capacity Normal Increased Increased
Free protoporphyrin Normal Normal Increased

Source: Brazil - Ministry of Health, UNICEF*.
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attention disorders and poor school performance®.
Less common symptoms associated with anemia in-
clude: major hemorrhage resulting from a range of dif-
ferent diseases or injuries that may lead to a state of
shock and acute anemia.

Adolescence is a period of profound physical and
psychological changes before adult life begins. There-
fore, pediatricians should be attentive to a variety of
physical, behavioral and social-related facets, in addi-
tion to the pathologies that tend to be characteristic of
this period of life.

Pubertal staging allows the physician to establish the
degree of maturity of his/her adolescent patient, to
make correlations between different puberty-related
phenomena, to estimate the probable time of menarche,
the time of the growth spurt and final height. In addi-
tion, it enables the doctor to offer the adolescent prior
guidance on the puberty-related events yet to come, to
provide advice on selecting the most appropriate spor-
ting activities for him/her, to interpret supplementary
tests correctly and to treat the pathologies associated
with puberty®.

Sexual maturity can be staged by evaluating the
breasts and pubic hair of girls and the external genitalia
and pubic hair of boys. Breasts and male genitals are
assessed in accordance with their size, shape and cha-
racteristics, while pubic hair is graded according to its
characteristics, quantity and distribution (tables IV and

V). Stage 1 always corresponds to pre-puberty and
stage 5 to the post-pubertal adult phase. Therefore,
stages 2, 3 and 4 characterize puberty. This classifica-
tion system is generally known as the Tanner scale'.

Clinical examination of the adolescent patient
should take the Tanner scale into consideration (tables
IV and V), remembering that the iron requirements of
the adolescent increase during the pubertal growth
spurt®. Peak growth occurs during Tanner stage 4
when there is extensive formation of muscle mass. In
girls, menarche occurs at Tanner stage 4, a time when
growth is already decelerating. During the first 2-3
years after menarche, menstrual cycles and bleeding
are generally irregular due to the immaturity of the hy-
pothalamic-pituitary-adrenal axis, with consequent
iron loss®.

The nutritional status of adolescents is important and
should be evaluated according to their body mass index
(BMI) and sexual maturation index® to enable timely
identification of any nutritional disorders. Nutritional
status should be evaluated systematically.

The initial laboratory workup for anemia consists of
a complete blood count and reticulocyte count. An ery-
throcyte count of < 3.9 million/ml, together with hemo-
globin levels < 12 g/dl in adolescent girls or < 12.5 g/dl
in boys and hematocrit < 33%, confirms the hypothesis
of anemia. In addition to these tests, red blood cell in-
dices such as low MCYV, increased coefficient of varia-

Table IV
Pubertal staging (boys): testicular volume (G) and pubic hair (P)

External genitalia (boys)

G1 Prepubertal.

G2 Enlargement of scrotum and testes; scrotum skin reddens and changes in texture; slight or no increase in the size of the penis.

G3 Enlargement of penis (length at first); further growth of testes.

G4 Increased size of penis with growth in breadth and development of glans; testes and scrotum larger; scrotum skin darker.

G5 Adult genitalia.

Pubic hair (both sexes)

P1 Prepubertal (presence of velus hair similar to abdominal wall).

P2 Sparse growth of long, slightly pigmented hair, straight or curled, at base of penis or along labia.
P3 Darker, courser and more curled hair, spreading sparsely over junction of pubes.

P4 Hair adult in type, but covering smaller area than in adult; no spread to medial surface of thighs.
P5 Adultin quantity and distribution, spreading to internal surface of the thighs.

P6 Spreading upwards over the pubis.

Table V
Pubertal staging (girls): breasts (B)

Breasts (girls)

B1 Prepubertal.

B2 Breast bud stage with elevation of breast and papilla; enlargement of areola.
B3  Further enlargement of breast and areola; no separation of their contour.

B4 Areola and papilla form a secondary mound above level of breast.

BS Mature stage: projection of papilla only, related to recession of areola.

Iron deficiency in adolescents;
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tion of RDW and reticulocytopenia (< 0.5%) are sug-
gestive of iron deficiency?".

When iron deficiency is suspected, total body iron
stores should be quantified. Alterations in serum iron
levels are only detectable when iron stores have al-
ready been depleted. Levels of < 30 mcg/dl are indica-
tive of low transferrin, an index with high sensitivity
for iron deficiency whenever < 16%. Total iron-bin-
ding capacity and free erythrocyte protoporphyrin are
above normal in the presence of iron deficiency® .

Ferritin is the earliest indicator of iron deficiency
and the one with highest specificity when levels are <
12 ng/ml®*® or < 15 ng/ml in adolescents®. Neverthe-
less, in infectious, inflammatory or malignant states,
ferritin levels may be high, since it is an acute-phase
reactant® %,

Therefore, although all these tests are useful, no sin-
gle test is acceptable alone for a diagnosis of iron defi-
ciency and, whenever possible, ferritin measurement
should be given priority among the iron store markers.

Various other tests may help lead to a diagnosis of
anemia, including iron-binding capacity, transferrin sa-
turation, free erythrocyte protoporphyrin, transferrin re-
ceptors and also bone marrow testing, which, although
useful for establishing a diagnosis of iron deficiency
anemia, is only used when diagnosis proves difficult
and all other methods have already been attempted™”'.

Evaluation of the gastrointestinal tract in patients with
iron deficiency anemia

Evaluation of the gastrointestinal tract forms an inte-
gral and obligatory part of the investigation of any pa-
tient of any age with iron deficiency anemia. The prin-
cipal tests used to investigate the digestive tract are a
fecal occult blood test, upper gastrointestinal en-
doscopy and colonoscopy. In the case of patients
whose results are normal in all of these tests, others
such as labeled erythrocyte scintigraphy, angiography
and capsule endoscopy may be performed**!'. It is im-
portant to bear in mind that iron refractory iron defi-
ciency anemia may occur as a symptom of coeliac dis-
ease. It should also be remembered that anemia may
occur in patients with gastroesophageal reflux disease,
in food allergies and in inflammatory bowel disease.

Although the finding of upper digestive tract abnor-
malities at endoscopy is common and includes
esophagitis, gastritis and hiatus hernia, in many cases,
these conditions do not, on their own, explain the pre-
sence of iron deficiency. On the other hand,
colonoscopy may reveal infectious or inflammatory
processes, polyps or neoplastic causes®.

It is important to confirm the patient’s clinical histo-
ry, verifying whether he/she is in use of acetylsalicylic
acid, anti-inflammatory drugs or anticoagulants, and
whether they have a history of abnormal bleeding so
that a possible diagnosis of coagulopathy (for example,
von Willebrand disease) can be investigated®='.

Differential diagnosis of microcytic anemia

The most important differential diagnosis in patients
with iron deficiency anemia is beta-thalassemia minor.
In beta-thalassemia minor, red blood cell count is either
normal or elevated, RDW is < 18% and there is an in-
crease in hemoglobin A2 (HbA2)™.

When thalassemia minor is associated with iron defi-
ciency anemia, HbA2 measurement is affected and le-
vels are lower. Therefore, if this association is suspec-
ted, total body iron stores should be corrected prior to
measuring HbA2. Serum ferritin < 12 ng/ml practically
confirms iron deficiency anemia, whereas values > 100
ng/ml essentially exclude this diagnosis even in the
presence of an inflammatory condition or liver disease.

Another differential diagnosis for iron deficiency
anemia is anemia of chronic disease. In this situation,
hemoglobin values normally fluctuate between 9 and
11 g/dl. In general, this type of anemia is asymptomatic
or oligosymptomatic and is associated with the pre-
sence of an inflammatory or infectious disease or with
neoplasia. Usually, it is a normochromic and normo-
cytic form of anemia; however, it may be microcytic
and hypochromic. Serum iron levels and transferrin
saturation are low; nevertheless, ferritin is normal or
elevated, with normal or high levels of iron in bone
marI-OWS,]I,SI,Sb.

Prevention

Prevention of iron deficiency anemia should be
based on four approaches:

1. Nutritional counseling aimed at improving the
quality of the diet. Breastfeeding should be en-
couraged;

2. Iron supplementation therapy;

3. Fortification of food;

4. Infection control.

Providing dietary counseling is fundamental and it is
important to explain that the bioavailability of iron ob-
tained from meat (red or white meat) is greater. In addi-
tion to meat, individuals should be encouraged to con-
sume citric fruits, vegetables and legumes and be
warned to avoid sodas, tea, coffee, excessive amounts
of milk, and cereals that reduce iron absorption®'.

Primary prevention of iron deficiency in adolescents
is not recommended. Some investigators defend the
prescription of iron supplements to adolescents as se-
condary prevention due to the high prevalence of iron
deficiency in this population, particularly in girls® and
in athletic teenagers. The American Academy of Pe-
diatrics recommends that adolescent girls should be fo-
llowed up annually after menarche and boys should be
monitored during their growth spurt to identify anemia.

In Brazil, the Ministry of Health decreed that all
wheat and corn flour produced from July 2004 onwards
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should be supplemented with iron®2. Other foods such
as milk are also fortified with iron, which helps to pre-
vent anemia’.

Therefore, bearing in mind the differences of opin-
ion with respect to the prevention of iron deficiency
anemia in adolescents, this decision should be indivi-
dualized in accordance with the risk factors present in
this population, which include low socioeconomic sta-
tus, malnutrition, obesity, intense physical activity, an
iron-poor diet, chronic disease or a history of menstrual
blood loss > 80 ml/month. Adolescents in these cate-
gories should be screened and a full blood count and
ferritin measurement should be performed”.

Treatment
Forms of iron supplementation and its benefits

Iron deficiency and its many consequences can be
corrected simply, cheaply and effectively. The most
common approach is to provide iron supplements to
pregnant and breastfeeding women and to breastfee-
ding infants within a primary healthcare program. De-
spite the confirmed efficacy of these programs, their
effectiveness is sometimes very low. The principal ob-
jective of dietary interventions is to increase the body’s
iron stores™.

Supplementation therapy

Iron supplements should be prescribed to all patients
with a diagnosis of anemia, since dietary changes alone
are unable to correct iron deficiency anemia. Oral su-
pplementation is the modality of choice, with parenter-
al administration being reserved for patients unable to
tolerate oral supplements’.

Iron salts (ferrous sulfate, fumarate and gluconate)
are highly bioavailable, rapidly absorbed and inexpen-
sive. Since absorption of these salts is hampered by
food, they should be taken one hour before meals. On
the other hand, they may provoke gastrointestinal side
effects such as diarrhea, epigastric pain, nausea and
constipation’.

Therapies with ferrous salts and iron chelates are
effective and cause few side effects. Furthermore, their
absorption is unaffected by food; therefore, they can be
taken either fasting or during meals. Their major draw-
back is cost.

The treatment dose depends on the severity of the
anemia. For infants, the recommended dose is 4-5
mg/kg/day of elemental iron. For adolescents and
adults, the dose is 60 mg of elemental iron twice a day
in the case of moderate anemia’™. Treatment should re-
sult in an increase in hemoglobin levels of 1.0 g/dl in a
month. After hemoglobin levels return to normal, treat-
ment should be maintained using the same dose for at
least 4-8 weeks so as to replenish the body’s iron

stores®!. Blood transfusions are rarely required and are
restricted to severe cases in which there is a significant
loss of blood and a risk of cardiac decompensation®'.
Iron-fortified foods are important and several studies
have been published showing their effectiveness” 8.

Controlling infections is important, since iron is also
reduced in chronic diseases and this may result in an
erroneous diagnosis of iron deficiency anemia. Gas-
trointestinal and respiratory tract infections are known
to predispose to a depletion of iron stores in the body
due to diminished hemoglobin production and iron ab-
sorption™”.

Conclusion

In view of the magnitude of this problem and the
number of risk factors involved, urgent and systematic
measures need to be taken to prevent and treat iron de-
ficiency anemia in adolescents.

Iron deficiency anemia is common worldwide. It is
estimated that 25% of the population is affected by iron
deficiency and the most common groups affected are
children of 4-24 months of age, schoolchildren, adoles-
cent girls, and pregnant and breastfeeding women®.
Studies show a high prevalence of around 20% of iron
deficiency anemia in adolescents®.

Fortifying food with iron is the most effective mea-
sure for combatting iron deficiency in a population,
since this strategy extends to all socioeconomic groups.
The use of fortified milk formulas has contributed to-
wards a decline in iron deficiency in infants of various
countries. In Brazil, the most extensive experience has
been with the use of fortified milk, in powdered or li-
quid form, with results that have proven satisfactory
both for the prevention and treatment of anemia’*.

Iron deficiency anemia remains a major public
health issue in Brazil despite all the knowledge avai-
lable on intervention measures. Various research stu-
dies have published excellent results with the establish-
ment of preventive measures or treatment such as
iron-fortified foods and iron supplements, measures
that should always be implemented in conjunction with
dietary counseling#2.

The ideal strategy is to treat prophylactically and to
recognize those individuals at risk of developing ane-
mia as early as possible to prevent onset of the disease
and its complications. Therefore, educating healthcare
professionals to implement preventive strategies, to
treat infections and to detect iron deficiency and ane-
mia at an early stage is vital®.

Few population-based studies have been conducted
in Brazil specifically on iron deficiency anemia in ado-
lescents; therefore, there is a need for a greater in-depth
analysis of dietary habits and anemia in this age group
in the different geographical regions of the country.

Iron deficiency in adolescents;
a literature review
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