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Article History: Iron deficiency anemia (IDA) is a common health problem that affects about 1.24 billion people

around the world, mostly children and women of childbearing age. IDA happens when the body
doesn't get enough iron, loses too much iron, or can't absorb it properly. This makes
erythropoiesis, cellular metabolism, and immune function worse. The World Health Organization
says that 40% of women who are pregnant and 32.5% of women who are not pregnant have
anemia. People with IDA often feel tired, weak, pale, and have trouble thinking clearly. Lab tests,
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such as hemoglobin, blood ferritin, and transferrin saturation, are used to make the diagnosis. You
can treat the condition in two ways: by taking iron supplements by mouth, such as ferrous sulfate,
ferrous gluconate, and ferrous fumarate; or, for serious cases, by giving iron through an IV.
Strategies for prevention depend on increasing the amount of iron you get from food, making it
more bioavailable, and keeping infections under control. Food addition and fortification programs
have been shown to help lower the number of people with IDA. However, problems still exist,
especially in areas with poor economies. Recent advance in acknowledging how iron is used and
controlled has implications for creating targeted therapeutic approaches. A key regulator of iron
balance, hepcidin, is a key player in the pathophysiology of IDA. This review shows how
complicated IDA is and how important it is to have treatment plans that consider underlying
causes, dietary factors, and socioeconomic factors.
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Introduction:

Anemia is a significant health problem.! Iron is a crucial
element of hemoglobin (Hb) and is required for other
metabolic activities, distinct from its involvement in
erythropoiesis.2 Approximately 1.24 billion individuals
globally are afflicted by iron deficiency anemia (IDA).3
Iron deficiency accounts for fifty percent of all anemia
cases.* Iron deficiency anemia (IDA) is a serious
condition that impacts young children and women of
reproductive age in economically weak nations.5 The
causes of iron deficiency may result from excessive loss
or, less commonly, reduced absorption.® The World
Health Organization estimates that 40% of pregnant
women suffer from anemia.” Iron deficiency adversely
impacts erythrocyte production and disrupts cellular
activities associated with muscle metabolism, as well as
impairing mitochondrial function, neurotransmitter
activity, DNA synthesis, and immune system activity.*
The World Health Organization (WHO) identifies iron
deficiency as the most prevalent dietary deficit,
impacting 1.62 billion individuals, with a peak
prevalence of 47.4% among preschool children [WHO,
2001].8 Anemia may arise from several etiologies,
including nutrition-related deficiencies, infections,
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inflammatory diseases, acute or chronic hemorrhage,
and hereditary hemoglobin abnormalities.?

Table 1: Global Prevalence of Iron Deficiency and
Anemia:10

Iron deficiency Prevalence
Children (under 2 years) 9.0
Children aged 3 to 5 years 4.5
Adolescent females (ages 12-19) 15.6
Females aged 20 to 49 years 15.7

Women of childbearing (15-49 years) | 18.0
who are pregnant

in the general population 12.2
Hospitalized population 23.0
Anaemia in the general population 32.9
Preschool children (0-5 years) 43.0
Children of school (over 5 years) 25.4
Non-pregnant women (15-49 years) 29.0

Adolescent pregnant women (15-19 | 38.0
years)
Men aged 15 to 60 years 12.7

Individuals aged beyond 60 years 23.9
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Iron deficiency anemia (IDA) can be detected by markers
including hemoglobin, serum ferritin, transferrin
receptors, transferrin saturation/total iron binding
capacity, and zinc protoporphyrin.1!

Iron metabolism:

Iron is a crucial element in several enzymes which
promote various metabolic processes, including
deoxyribonucleic acid (DNA) replication and repair,
adenosine triphosphate (ATP) synthesis, oxygen
transport, and electron transport, required for the
proper functioning of all body cells.12 Alterations or
anomalies in the regulatory systems can affect the rate of
iron absorption and the total body iron concentration.
Increased iron absorption is seen in genetic disorders
including hereditary haemochromatosis and
thalassaemia intermedia, resulting in iron overload in
both situations.!3 In the processes of iron absorption and
distribution, it is strongly linked to proteins
(transferrin), resulting in an exceedingly low quantity of
free intracellular iron.1#

Approximately 75% of iron is associated with heme
proteins, specifically hemoglobin (the predominant iron-
containing protein) and myoglobin.l2 A daily
consumption of 15 - 20 mg of iron results in an
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absorption of just 1 - 2 mg/day in the duodenum and the
first segment of the jejunum. There are two types of iron
that are absorbed, namely. Haem (10%) and non-haem
(90% ionic).> Heme and non-heme iron are the two
primary dietary sources of iron.12

In the enterocyte, a little quantity of iron is stored as
ferritin, while the remainder is conveyed over the
basolateral membrane into the circulation by the Fe2+
transporter ferroportin 1 (Ireg-1), facilitated by the
protein hephaestin, which converts Fe2+ to Fe3+.
Consequently, iron that enters the circulation is absorbed
by transferrin, which preserves Fe3+ in a redox-inert
condition and transports it to tissues. A considerable
amount of this iron is also stored in macrophages as
ferritin-15

The absorption percentage of iron from a cow milk
formula reduces with increasing iron concentration;
approximately 6% is absorbed from a formula with 6 mg
of elemental iron/L, whereas about 4% is absorbed from
a formula with 12 mg of elemental iron/L.12 Hepcidin is a
key regulator of iron, modulated by iron demand, iron
reserves, erythropoiesis, hypoxia, and inflammation. It is
mostly generated in the liver and released into the
circulation.16
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Figure 1: Mechanism of iron absorption at the enterocyte.13

Signs and symptoms of iron deficiency anemia:

Iron deficiency (ID) may be asymptomatic; however, it
can also lead to significant symptoms in some
individuals. Symptoms associated with iron deficiency
include fatigue, irritability, dyspnea, headache, hair loss,
impaired concentration, pica, restless legs syndrome,
and alterations in epithelial cells, including dry mouth,
cheilitis, atrophic glossitis, Plummer-Vinson pharyngeal
webs, and reduced physical performance.'718 Clinical
signs and symptoms of iron deficiency anemia are limited
and frequently unrecognized.18
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Figure 2: a) Angular cheilosis characterized by fissures at
the corners of the mouth. b) Examples of physiological
indicators of iron shortage. c) Horizontal lines on the
fingernails (Mees lines). Depapillation of the tongue.1®
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Etiology of iron deficiency anemia:

The cause of iron deficiency anemia is quite variable.2
Iron deficiency (ID) and subsequent iron deficiency
anemia (IDA) can arise from several physiological,
environmental, pathological, and hereditary factors (Fig.
3).20 Iron deficiency, with or without anemia, may be
either independent or due to an underlying illness, or
may arise in the setting of numerous clinical conditions
(e.g., in the elderly). Iron deficiency is often acquired and
seldom inherited.2! The organic physiological loss of iron
transpires through bile, urine, and the desquamation of
skin and intestinal lining.22

Reduced absorption is recognized in specific dietary
patterns, with many inhibitors of iron absorption
identified, including calcium, phytates (found in grains),
and tannins (found in tea and coffee).2? The prevalence of
folate and vitamin B12 deficiencies is increasing. This
may be attributable to dietary factors and inadequate
absorption, such as post-gastric bypass surgery.1? Iron
shortage may result from a sustained consumption of
iron-deficient foods, increased iron demands (such as
during pregnancy and breastfeeding), blood loss, or
gastrointestinal loss of iron.23 The predominant cause of
iron deficiency anemia (IDA) during pregnancy is dietary
inadequacy coupled with insufficient initial iron reserves
that fail to meet the increasing iron requirements.2*

A difference between the maximum dietary iron
absorption and physiological needs during periods of
increased demand results in anemia.?®

Increased
iron demand

* Infants

* Pre-school children

*+ Growth spurts in adolescents

* Pregnancy (2nd and 3rd trimesters)

Decreased
iron intake

* Poverty and malnutrition
* Iron-poor vegan or vegetarian diets

* Cereal-based diet

» Surgical: gastrectomy, duodenal bypass, bariatric
SUTEErY

* Medical: Helicobacter pylori, coeliac disease, atrophic
gastritis, IBD

* Drug-induced: PP

Chronic
blood loss

* Physiologic: menstruation

* Frequent blood donation

* Gl: hookwarm, oesophagitis, erosive gastritis, peptic
ulcer, diverticulitis, benign tumours, intestinal
cancer, 1BD, angiodysplasia, hemorrhoids

* GU: heavy menstrual bleeding, intravascular
haemolysis (PNH, auteimmune haemalytic anasmia,
march hemoglobinuria, damaged heart valves,
microangiopathic haemolysis)

* Systemic: Dialysis, schistosomiasis, haemorrhagic
telangiectasia, inharited coagulopathies,
Munchausen's syndrome

* Drug-induced: salicylates, NSAIDs, anticoagulants,
corticostercids

Absolute ID

iron stores)

Decreased )

iron absorption

(low plasma iron and low
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In term newborns, due to the ample iron reserves at
birth, iron deficiency anemia is rare before to 6 months
of age. Preterm newborns, as well as twins, triplets, and
quadruplets, exhibit low iron reserves at delivery.12
Infantile risk factors encompass (a) dietary elements,
including prolonged exclusive breastfeeding without
timely introduction of iron-rich complementary foods,
utilization of low-iron infant formula, administration of
unmodified cow's milk, goat's milk, or soy milk,
inadequate provision of iron-rich complementary foods,
and excessive consumption of cow's milk; and (b) non-
dietary elements, such as recurrent respiratory tract
infections, chronic infections like malaria and HIV,
gastrointestinal malabsorptive disorders including celiac
disease, chronic intestinal infections or infestations,
conditions causing gastrointestinal blood loss such as
milk protein-induced enterocolitis, hookworm
infestation, and inflammatory bowel disease.?

In children, loss also occurs due to the presence of blood
in the stools and the consumption of liquid whole milk
during the first year of life.22 Children in underdeveloped
countries are especially susceptible to iron deficiency
due to their growth requirements, diets with low iron
bioavailability, and significant helminthic infestations.14
The primary signs of this illness are pallor, glossitis, and
the patient may report lassitude, weakness, anorexia,
palpitations, and dyspnea.25
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Figure 3: Diverse Etiology of iron deficient anemia.2?
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Epidemiology of iron deficiency anaemia:

The prevalence of anemia caused by iron deficiency is
influenced by several factors, including age, dietary
habits, socioeconomic level, ethnic composition, and
diagnostic criteria.l? In 2016, 41.7% of children under
five years, 40.1% of pregnant women, and 32.5% of non-
pregnant women were globally affected by anaemia.26
Prevalence rates differ by nation; it impacts 2.4 million
children in the USA, 5.4% of children in Spain, 14.0% in
Estonia, and 30.8% in Brazilian youngsters.1®

The World Health Organization defines anemia as
haemoglobin (Hb) values below 13 g/dL in males and
below 12 g/dL in nonpregnant women.2’” The WHO
estimates that 42% of anemia cases in children and 50%
in women can be treated via iron supplementation, with
regional variations.26 Globally, there are more than 1.2
billion instances of iron deficiency anemia, and iron
deficiency without anemia may be even more
widespread.?8 In 2017, the Global Burden of Diseases
Study indicated that dietary iron deficiency ranks as the
fourth and twelfth largest cause of years lived with
disability in women and men, respectively.2?

The epidemiological data on iron deficiency anemia are
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attributed to iron deficiency regardless of its underlying
etiology. The WHO believes that 50% of global cases are
attributable to iron deficiency; nevertheless, there are
regional and subgroup inequalities. In two investigations
conducted during the previous three years, the
prevalence of iron deficiency anemia was around 20%.3°

The pathophysiology of iron deficiency anemia:

Iron is a crucial element regulated mainly by dietary
consumption, intestinal absorption, and iron recycling.31
In Western countries, other healthy persons may be
susceptible. This includes vegetarians, particularly
vegans, due to dietary restrictions, as well as blood
donors.?! In these nations, the primary cause of iron
deficiency anemia (IDA) is not the inadequate iron
content of the diet, but rather the low bioavailability of
iron, as it is derived from plant sources that are high in
iron absorption inhibitors.32 Anemia is linked to adverse
health and developmental consequences, such as
neonatal and perinatal death, low birth weight, early
birth, and delayed child development.3® Iron loss
significantly impacts iron homeostasis, triggering
adaptive processes in the hepcidin-ferroportin (FPN)
axis, the iron regulatory protein (IRP)/iron responsive
element (IRE) system, and other regulators.18
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Figure 4: Pathophysiology and homeostatic response to iron deficiency.26
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Heme iron is readily absorbable and originates from
hemoglobin (Hb) and myoglobin found in animal flesh,
poultry, and fish.3! The objective is to enhance iron use
through erythropoiesis and to mitigate the physiological
suppression of iron absorption.!8 The adverse health and
developmental consequences of anemia result from
reduced oxygen transport to tissues, potentially
impacting several organ systems, with complications
associated with the underlying causes of anemia, which
are challenging to differentiate. In iron deficiency anemia
(IDA), reduced iron availability has recognized negative
effects on brain development and function even before
the onset of anemia.33

The clinical implications of iron deficiency extend
beyond erythropoiesis, as iron is a crucial component in
enzymes associated with cellular respiration, oxidative
phosphorylation, the citric acid cycle, nitric oxide
synthesis, and the creation of oxygen radicals.
Metabolically active cells, including cardiac and skeletal
muscle cells, need on iron for their functional and
structural integrity.34

The body necessitates around 25 mg of iron day, mostly
utilized for the synthesis of hemoglobin in
erythrocytes.20 Hepcidin levels rise during the first
trimester of pregnancy compared to non-pregnant
states, thereafter, decreasing in the second and third
trimesters.3> The condition impacts between 4% to 15%
of the general population, encompassing children and
adolescents.3¢

Systemic iron homeostasis in health is regulated by the
peptide hormone hepcidin, synthesized in the liver.1® A
significant increase in plasma volume is usually indicated
by a reduction in hemoglobin (Hgb) levels.1?

Diagnosis and prevention of iron deficiency
anemia:

Anemia is characterized by the World Health
Organization (WHO) guidelines as hemoglobin levels
below 130 g/L in males and below 120 g/L in women.
Mild anaemia is classified as hemoglobin levels equal to
or more than 110 g/L, moderate anaemia as levels below
110 g/L, and severe anaemia as levels below 80 g/L. Al
often manifests as mild to moderate normocytic,
normochromic anemia characterized by diminished
circulating iron concentrations, normal or elevated
ferritin levels, and reduced transferrin levels.37

To diagnose iron deficiency anemia, we can use a step-
by-step approach. this start by checking for microcytosis,
a condition where red blood cells are smaller than
normal. We then use a combination of blood tests,
including serum ferritin levels (SF) and transferrin
saturation (TST), to confirm the diagnosis. We also
carefully review the patient's medical history.

When evaluating a patient with a specific type of anemia,
we first check for a genetic disorder called -thalassemia,
especially in people from areas where this disorder is
common.38

Hepcidin, a protein that helps regulate iron levels, is not
reliable on its own to diagnose patients with complex
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cases of iron deficiency. This is because hepcidin levels
can fluctuate in these patients, making it difficult to
distinguish them from those with normal iron levels or
iron deficiency.

To address this challenge, researchers evaluated the
effectiveness of a test called RetHe in identifying patients
with complex cases of iron deficiency. The results
showed that RetHe can accurately predict which patients
are likely to respond to iron treatment. Based on this
study, a RetHe cutoff point of less than 30 pg was
established for diagnosing iron deficiency anemia.3?

It is essential to regularly check hemoglobin and iron
levels in all patients to ensure accurate diagnosis and
treatment. .40

An accurate diagnosis necessitates laboratory
examinations. Reduced serum ferritin levels signify
absolute iron deficiency, indicating exhausted reserves.
Levels of 30 mg/L are the recognized threshold for
identifying moderate instances; in the presence of
anemia, ferritin levels are often lower, ranging from 10 to
12 mg/L. In the absence of inflammation or illness, serum
ferritin exhibits the most significant connection with
bone marrow stainable iron, which was considered the
gold standard for evaluating iron reserve depletion.!8

In children aged 6 to 59 months, a hemoglobin
concentration below 11 g/dL signifies anemia. To
ascertain if anaemia is attributable to iron deficiency, it is
essential to evaluate supplementary indicators of iron
status, including reticulocyte hemoglobin, serum ferritin,
serum transferrin receptor, total iron binding capacity,
transferrin saturation, zinc protoporphyrin
concentration, and erythrocyte protoporphyrin
concentration. Reticulocyte hemoglobin serves as a
clinically valuable indicator for assessing iron deficit and
hematological responses during iron therapy, emerging
as a potential biomarker to replace biochemical iron tests
in diagnosing iron deficiency anemia.?

The effect of iron deficiency on the central nervous
system (CNS) is very significant. Iron is essential for the
proliferation, differentiation, myelination, and dopamine
neurotransmission of brain cells.!® Laboratory
assessment is essential for an accurate diagnosis of iron
insufficiency and iron deficiency anemia (IDA). The
etiology of anemia encompasses several factors; hence
diagnosis cannot rely just on hemoglobin measurements.
To achieve diagnostic clarity, it is essential to assess red
blood cell count and serum ferritin levels. The most
dependable indicator of deficiencies in iron is serum
ferritin (SF), and it is advisable to test SF concentration
at the onset of pregnancy.*!

Ultimately, people with a ferritin concentration within
the normal range may yet possess inadequate iron
reserves that fail to satisfy their anticipated iron
requirements. This may apply to pregnant women, blood
donors with ferritin levels below 50 ng/mL, or those
scheduled for surgical operations expected to involve
moderate to severe blood loss, with ferritin levels below
100 ng/ml.42
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RESULTS OF
ANEMIA
EVALUATION

Iron deficiency
anemia

Latent iron
deficiency

Essential history:

* Menstrual
patterns for
women

* Gl symptoms

* Gross hematuria

* Prior blood
donations

* Level of physical
activity

* Dietary intake

Gl referral to assess
for blood loss

Women with IDA not
explained by
menstrual losses

Can consider trial of
oral iron if tolerable,
otherwise use IV Iron

Treat the bleed and
recheck Hb in 6-8
weeks

* Pregnancy (2™ &
3 trimesters)

* Premenopausal
(moderate-to-
severe anemia)

Assess for alternative
causes of IDA

* Pregnancy (1%
trimester)

* Premenopausal
(mild anemia)

Oral iron intolerance

Significant dyspepsia
or constipation

Figure 5: Diagnosis and prevention of iron deficiency anemia in adults.*3

Prevention of iron deficient anemia:

Iron supplementation is indicated in two primary
conditions: to avoid iron-deficiency anemia in at-risk
groups or to treat persons exhibiting symptoms and
laboratory-confirmed iron deficiency.10

As mentioned earlier, anemia affects the health of both
the mother and the child; thus, its prevention and
treatment are important.44

Management of iron deficiency anemia:*>

a. Improve participation via education and periodic iron
supplementation.

b. Infection control is crucial in the endemic
environment.

c. Properly diagnosing the underlying causes of anemia.
d. Collaborative partnership.

e. A pilot area for the project is necessary for expanded
coverage.

f. Enhancing the diversity of eaten fortified foods and
monitoring iron excess.

Treatment for iron deficiency anemia:

The selection of the appropriate treatment for anemia is
based upon its etiology and severity. Factors such as the
duration till birth, the degree of anemia, additional risks,
maternal complications, and patient preferences are
crucial in determining the treatment method.! Although
iron shortage is widespread, the success rate of readily
available oral iron therapies is often inadequate, leading
to frequent adverse effects. This is partially due to the
characteristics of the human iron regulatory system,
which prioritizes the long-term avoidance of iron excess
and restricts the fast correction of iron shortage by oral
treatment.6

Food items are a primary source of dietary iron, and its
bioavailability is highly dependent upon its chemical
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structure, nutritional characteristics, and concentration.
In recent years, the increasing prevalence of individuals
impacted by this micronutrient shortfall has spurred the
advancement of non-therapeutic methods designed to
reduce iron deficiency in the human body. Alongside the
intake of iron-rich meals, (bio)fortification strategies
encompass many methods designed to mitigate the
deficiency of this element and its associated effects,
enhancing its bioavailability for absorption by the human
body.4”

1. Oral iron formulations:

Preparations delivering a higher amount of elemental
iron per dosage should be the preferred option. In
addition to the elemental iron level, the adverse effects of
these preparations, such as nausea, vomiting, and
stomach discomfort, must also be taken into account.15
When food sources are inadequate for restoring
maternal iron reserves, typical oral formulations of iron
supplements (ferrous sulfate, ferrous gluconate, and
ferrous fumarate) are accessible at most pharmacies
(table no. 2).48

Ferrous sulfate comprises 20% elemental iron per pill.
Ferrous salts include ferrous gluconate (12% elemental
iron), ferrous fumarate (33% elemental iron), ferrous
succinate (35% elemental iron), and iron polymaltose
(28% elemental iron).18

The most prevalent adverse effects encompass nausea,
epigastric discomfort, diarrhea, constipation, and black
stool staining, all of which frequently resultin inadequate
adherence.*?

Iron, as a heavy metal, readily forms salts upon
interaction with diverse anions, and several such
compounds are utilized for medicinal purposes.
Numerous oral iron formulations exist for the
management of iron deficiency anemia (IDA), although
ferrous sulfate (F.S.) is the primary oral iron product
utilized globally.32

CODEN (USA): JDDTAO



Nehar et al.

Table 2: Common Oral Iron Supplements:48

Journal of Drug Delivery & Therapeutics. 2024; 14(11):185-193

Generic drug Brand name Elemental Cost Adverse
iron content gastrointestinal effect
Ferrous sulfate | Feosol (tablet) 65 mg Inexpensive Increased
and readily
Ferro-Bob, 65 mg available
FerrouSol (tablet) FeroSul (liquid) 44 mg/5mL
Fer-In-Sol (drops) 15 mg/1mL
Ferrous Ferrimin 150 (tablet) 150 mg Expensive Less
fumarate Ferretts, Ferrocite, Hemocyte (tablet) 106-325 mg
Various over-the-counter products 29.5-90 mg
with “iron” in the name
Ferrous Fergon, Ferrotabs (tablets) 27 mg Expensive Less
gluconate
Ferric maltol Accufer (capsules) 30 mg Expensive Improved tolerance
Polysaccharide- | NovaFerrum/ 15 mg/1 mL | Multiple Poorly studied in
iron complexb NovaFerrum 125 (drops) / formulations pregnancy
125 125 mg/5
Ferrex 150 (capsules) mL (liquid)
Elemental
iron varies
by product

2. Parenteral iron formulations:

Iron is delivered intravenously as complexes of iron
carbohydrates, which consist of a mineral core made of
polynuclear iron (IlI)-hydroxide coated in a
carbohydrate ligand.!5 Recent formulations, including
low-molecular-weight iron dextran and ferric
carboxymaltose (Injectafer), are accessible and exhibit
less documented adverse responses.*8 Once limited by
the risk of severe hypersensitivity reactions, this route of
administration is currently more widely used as a result
of the improved safety profile of last generation
compounds.18

The formulations in use (Table 3) include colloids
consisting of elemental iron encased in a carbohydrate
shell.18 Intravenous iron has demonstrated superior
efficacy compared to oral iron in the treatment of iron
deficiency anemia and is typically more tolerated;
nevertheless, universal delivery is constrained by
availability and expense.*?

Intravenous iron entirely overcomes the intestinal
hepcidin-ferroportin mechanism that governs iron
absorption; yet, its utilization in children with iron
deficiency anemia is rare due to its elevated cost and the
scarcity of pediatric research supporting its safety and
efficacy.3?

Table 3: Primary intravenous iron formulations accessible.18

Formulations Dosage
Iron sucrose 200 mg
Ferumoxytol 510 mg
Ferric gluconate in sucrose complex 250 mg
Ferric carboxymaltose 750 mg
Iron isomaltoside 1000 mg

Iron dextran (low molecular weight)

ISSN: 2250-1177

500 to 1000 mg

[191]

frequency ‘
5doses over 2weeks

2 doses, 3-8 days apart

4 doses weekly

2 doses, 1 week apart

1 dose

variable
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