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ABSTRACT

Anemia is currently one of the most common and intractable nutritional problem globally. In developing countries, the
adolescent group is more exposed to nutritional challenges and adolescent girls are more vulnerable to the disease. Ado-
lescent gitls are particularly prone to iron deficiency anemia because of the increased demands of iron by the body. It is
astonishing to know that 30% of world population suffers from iron deficiency anemia, of which 80 to 90% are in devel-
oping countries. In India the prevalence of anemia among adolescent girls is 56% and this amounts to an average 64
million girls at any point in time. Specific actions like encouraging consumption of iron rich foods though dietary change,
nutritional education, treatment and prevention of parasitic infections, weekly iron supplementation etc. are implemented
to prevent iron deficiency anemia and improve the iron status among adolescent gitls, yet the impact of anemia among

adolescent girls is still a public health problem.
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INTRODUCTION

Anemia is currently one of the most common and intracta-
ble nutritional problems globally.! Anemia is defined as a
condition in which the number of red blood cells and their
oxygen cartying capacity is insufficient to meet the body's
pathologic needs. It is a condition where in the number of
red blood cells are < 4.2 million/ pl or haemoglobin level
< 12g/dl in women and < 13g/dl in men.? Globally, ane-
mia is most common nutritional problem affecting around
2 billion of the wotld's population and more than 89% of
this burden occurs in developing countries.?*

Anemia may develop at any stage of life cycle ¢ but children,
adolescent girls and women of reproductive age are at high
risk for developing anemia. 3¢ Adolescent gitls are particu-
larly prone to iron deficiency anemia because of the in-
creased demands of iron by the body, since adolescent pe-
riod signalizes the beginning of menstrual period in girls.”
In India, the prevalence of anemia among adolescent gitls
was 56% and this amounts to an average 64 million gitls at
any point in time. 8 There are many studies focused on ane-
mia among pregnant women and children but only few
studies are available on anemia among adolescent girls,
hence this study was undertaken.’?

Types of anemia : 1011

1. Nutritional deficiency anemias: The different types of
Nutritional deficiency anemias are- A. Iron deficiency ane-
mia, B. Vitamin Bi, deficiency anemia, C. Folic Acid defi-
ciency anemia

2. Anemia of chronic disease: Anemia of chronic disease is
a common disorder associated with a wide variety of in-
flammatory diseases including- Arthritis, Malignancies and
Inflammatory Bowel Disease.

3. Sideroblastic anemias: Sideroblastic anemias are a group
of conditions that are diagnosed by finding ring
sideroblasts in the bone marrow. They are both hereditary
and acquired forms.

4. Megaloblastic anemias: The megaloblastic anemias are
macrocytic anemias characterized by raised Mean Corpus-
cular Volume (MCV) and associated with an abnormality
in the maturation of haematopoietic cells in the bone mar-
row. The two major causes are Folate deficiency and Vita-
min B12 deficiency. Pernicious anemia is a specific autoim-
mune disease that causes malabsorption of Vitamin B12
due to lack of intrinsic factor.

5. Hemolytic anemias:Hemolytic anemia is caused due to
the destruction of RBC. In the hemolytic anemias there is
reduced lifespan of the erythrocytes. Hemolytic Anemia re-
sults if the rate of destruction of the erythrocytes exceeds
the rate of production. There is a wide range of haemolytic
anemias with both genetic and acquired disorders. Haemo-
Iytic anemias account for approximately 5% of all ane-
mias. The types of Haemolytic anemias are- Autoimmune
Haemolytic Anemia, Sickle Cell Anemia, Thalassaemia and
Glucose-6-Phosphate Dehydrogenase deficiency Anemia.

Etiology of anemia: 1

At a biological level, anemia develops because of an imbal-
ance in erythrocyte loss relative to production; this can be
due to ineffective or deficient erythropoiesis (e.g.from nu-
tritional deficiencies, inflaimmation, or genetic Hemoglobin
disorders) and/or excessive loss of erythrocytes (due to he-
molysis, blood loss, or both).

Figure 1 is a conceptual model of the etiology of anemia
identifying how distal factors contribute to more proximate
determinants of anemia, such as food insecurity, clean
water, and sanitation and ultimately, the most immediate
causes of anemia (e.g., nutritional deficiencies, disease,
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inflaimmation, and Hb disorders). Many of these
determinants atre interrelated. Poverty, for example, is a
major determinant of health and nutrition and poor

socioeconomic position is linked to a greater risk of anemia
among women and children. Similatly, low education level
is also associated with a greater risk of anemia.
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Figure 1 Etiology of Anemia

Pathophysiology of anemia:

The pathophysiology of anemia varies greatly depending
on the primary cause. For instance, in acute hemorrhagic
anemia, it is the restoration of blood volume with intracel-
lular and extracellular fluid that dilutes the remaining red
blood cells (RBCs), which results in anemia. A proportion-
ate reduction in both plasma and red cells results in falsely
normal hemoglobin and hematocrit. RBC are produced in
the bone marrow and released into circulation. Approxi-
mately 1% of the RBC are removed from circulation per
day. Imbalance in production to removal or destruction of
RBC leads to anemia. 2 The main mechanisms involved in
anemia are listed below:

1. Increased RBC destruction

A. Blood loss a. Acute- hemorrhage, surgery, trauma, men-
orrhagia b. Chronic- heavy menstrual bleeding, chronic
gastrointestinal blood losses ' (in the setting of hookworm
infestation, ulcers, etc.), urinary losses (Benign Prostatic
Hypertrophy, renal carcinoma, schistosomiasis)

B. Hemolytic anemia

Acquired- immune-mediated, infection, microangiopathic,
blood transfusion-related, and secondary to hypersplen-
ismo Hereditary- enzymopathies, disorders of hemoglobin
(sickle cell), defects in red blood cell metabolism (G6PD
deficiency, pyruvate kinase deficiency), defects in red blood
cell membrane production (hereditary spherocytosis and
elliptocytosis)

2. Deficient/defective Erythropoiesis

a.  Microcytic- Itis a condition in which the body's tissues
and organs do not get enough oxygen.

b. Normocytic, normochromic- It is a condition in which
the red blood cells are normal in size but lower in num-
ber.

¢ Macrocytic -It is defined as blood with an insufficient
concentration of haemoglobin.!415

Clinical manifestations of Anemia: !

1. Mildest form: Lethargy and tiredness, reduced physical
exercise, reduced mental performance and reduced tis-
sue oxygenation causing dysfunction.

2. Severe form: rapid dysfunction, shock with collapse,
dyspnoea, tachycardia and death
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Diagnosis: 16
1. Hematologic Tests :

Full blood screen

Hb concentretion

Cell count and mean corpuscular volume (MCV)
Hematocrit value( Hct), Mean Corpuscular Haemo-
globin (MCH) and the Mean Corpuscular Haemoglo-
bin Concentration (MCHC) are calculated automati-
cally

Reticulocyte counts

White blood cell count

Platelet count

Microscopic examination of peripheral blood smears
Bone marrow aspirates
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2. Biochemical Tests:

a. Measure serum iron vitamin concentrations (B12 and
folate)

b. Measute levels of transport proteins (transferrin,
Transcobalamin II)

c. Serum ferritin

1. Nutritional deficiency anemia:

A. Iron Deficiency Anemia : Iron deficiency occurs when
the body's iron stores ate insufficient for the normal for-
mation of Hb, iron-containing enzymes, and other func-
tional iron compounds such as myoglobin and those of the
cytochrome system.!6:17
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Figure 2: Iron deficiency Anemia

Most important risk factors determining iron defi-
ciency anemia:"’

1. An inadequate diet, with poor iron, micronutrient and
vitamin content.

2. The use of medication and food that inhibit iron ab-

sorption including antacids, aspirin, nonsteroidal anti-

inflammatory drugs, and excessive phytate, phosphate,
oxalate and tannin intake.

Overweight and obesity.

Malabsorption syndrome.

Sports anemia seen in athletes.

Iron deficiency caused by blood loss resulting from In-

jury, accidents or blood donation.

7. Iron loss due to Parasitosis of the gastrointestinal tract
(Entamoeba histolytica), Esophagitis, Atrophic gastri-
tis, Colitis, Helicobacter pylori infection, Coeliac dis-
ease, Inflammatory Bowel Disease, Diverticulosis,
Hemorrhoids, Gastrectomy or Gastroplasty (bariatric

surgery), etc.

AN

8. Genitourinary iron loss of various etiologies including
Paroxysmal Nocturnal Hemoglobinuria and Glome-

rulonephritis.

9. Pregnancy, childbirth and the use of intrauterine de-

vices.

Chronic blood loss

+ Gastrointestinal - oesophagitis,
peptic ulcer, malignancy,
inflammatory bowel disease,
hookworm infestation

+ Genitourinary - heavy menstrual
bleeding, postpartum haemorrhage,
intravascular haemolysis

+ Systemic - hereditary haemorrhagic
telangiectasia, eating disorder, ™\
chronic schistosomiasis

anaemia

e

Decreased iron intake
+ Improperly balanced vegan or
vegetarian diet
+ Iron-poor diet
+ Eating disorder

Iron deficiency
and iron-deficiency

Decreased iron absorption

+ Coeliac disease

+ Atrophic gastritis

+ Gastric and/or intestinal bypass

+ Inflammatory bowel disease

+ Helicobactor pylori colonisation

+ Concomitant drug use e.g proton

pump inhibitors

~

T

Increased demand
+ Pregnancy
+ Infancy and adolescence
+ Menstrual loss
+ Blood donation
+ Endurance sports

Figure 3 Etiology of Iron deficiency Anemia

Pathophysiology:"’

Plasma ferritin levels decrease when there is deficiency of
iron. Reduction in ferritin level - due to the abnormalities
in hemoglobin levels, serum iron level or in erythrocyte size
becomes apparent. Elimination of Iron is not controlled
physiologically — so homeostasis is maintained by iron ab-
sorption. Anemia may result from a mis-match between the
body’s iron requirements and iron absorption. Demand of
iron varies with age.

Daily requirements for iron: Infants - 0.5 mg, Adolescent
male - 1.8 mg, Adolescent female - 2.4 mg, Adult male - 0.9
mg, Menstruating female - 2.0 mg, Pregnancy - 3-5 mg ,
Postmenopausal female - 0.2 mg

Signs and Symptoms : 1!

Breathlessness

Pale skin and mucous membrane

Painless glossitis

Angular stomatitis

Koilonychia ( spoon-shaped nails )

Dysphagia ( due to pharyngeal web )

Pica syndrome (unusual cravings )atrophic gastritis.

ok

Diagnosis: ¢ Identified on the basis of medical history,
complete blood count, and peripheral smears.

Treatment:

1. Oral iron therapy — Ferrous Sulphate 200 mg, Fer-
rous Gluconate 300 mg, Ferrous Fumarate 200 mg

2. Parenteral iron therapy — Iron Dextran, Iron Sucrose,
Ferric Gluconate
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B. Vitamin By, Deficiency Anemia: Vitamin Bi2 is an es-
sential vitamin with largely non vegetarian source. Indian
population, with largely vegetarian habit, is more prone to
hatbour deficiency of vitamin Bi2.181°

Etiology: 2°
Vitamin By2 deficiency has 3 primary etiologies:

1. Autoimmune- Anti-intrinsic factor antibodies bind to
and inhibit the effects of intrinsic factor, resulting in an
inability of Biz to be absorbed by the terminal ileum. Eg.
Pernicious anemia.

2. Malabsorption Parietal cells in the stomach produce in-
trinsic factor; therefore, any patient with a history of
gastric bypass surgery may be at risk for developing a
Bizdeficiency because their new alimentary pathway by-
passes the site of intrinsic factor production.

3. Dietary Insufficiency- a strict vegan diet for approxi-
mately three years may develop a Biz deficiency from a
lack of dietary intake.

Vitamin B12 is cofactor for:
1) Synthesis of thymidine
2) Normal methionine synthesis

In their absence:
Cause inadequate DNA synthesis
4
Defective nuclear maturation
Rag (Nucleocytoplasmic Ansynchrony)
Blockade in cell division

Leadsto:

* Abnormal large RBCs and erythroid precursors (megaloblasts).

* Affect granulocyte maturation.

* Neurologic complication:- attribute to abnormal myelin degradation.

Figure 4 Pathophysiology of vitamin B12 deficiency
Anemia

Clinical manifestation: 2

Cutaneous: Hyperpigmentation, Jaundice, Vitiligo
Gastrointestinal: Glossitis

Hematologic: Megaloblastic, Macrocytic anemia, Leuko-
penia, Thrombocytopenia, thrombocytosis
Neuropsychiatric: Irritability, Olfactory impairment Pe-
ripheral Neuropathy

Diagnosis: 16 A level of less than 150 pg per mL (111pmol
per L) is diagnostic for deficiency.

Treatment: 2!

Oral Vitamin Biz Therapy - Oral Cyanocobalamin is well
absorbed

Parenteral Vitamin Bz Therapy - A dose of 1000 mcg of
Biz via the intramuscular route is recommended once a
month. In newly diagnosed patients, 1000 mcg of By is
given intramuscularly once a week for four weeks to replen-
ish stores before switching to once-monthly dosing.

Intranasal Vitamin B> Therapy - an intranasal gel (cyano-
cobalamin 500 microgram/actuation) is available in United
States, with recommended dosing of three times a week.

Complications: 2

Heart failure due to the anemia

Severe disabling neurological deficits

Risk of gastric cancer

Risk of developing an autoimmune disorder like Type
1 Diabetes, Myasthenia Gravis, Hashimoto Disease, or
Rheumatoid Arthritis.

=

C. Folic Acid deficiency Anemia :

Folate is an essential water-soluble vitamin naturally pre-
sent in food, especially in fruits, green leafy vegetables, and
liver, 2324

Etiology: %

1. Inadequate dietary intake.

2. Over cooking destroys folic acid.

3. Elevated pH, as occurs in Achlorhydria, can also lead
to poor folate absorption.

4. Use of drugs such as Methotrexate, Phenytoin, Sul-
fasalazine and Trimethoprim can antagonize folate uti-
lization, inhibit its absorption or conversion to its ac-
tive form resulting in folate deficiency.

5. Alcoholism is a significant cause of folate deficiency.

6. Pregnancy, hemolytic anemia, and dialysis can also re-
sult in folate deficiency.

Pathophysiology: 23

. Folate absorption from diet
In diet ) :

Intestinal mucosa

Polyglutamate form =g | -

of Folate Mbl{o 1 i
glutamate

Absorption at low pH
(around 5)

Enter blood circulation

Circulate loosely bound to 5-Methyltetrahydrofolate (S-MTHF)|
Albumin
Or

High-affinity Folate binding protein

Figure 5 Pathophysiology of Folic acid deficiency
Anemia

Signs & Symptoms: 26 The symptoms of folate deficiency
are often subtle. They include: Fatigue, Gray hair, Mouth
sores, Weakness, Lethargy, Shortness of breath, Tongue
swelling, Growth problem, Pale skin, Irritability

Treatment: 16 Oral Folic acid supplementation- 1 mg daily,
Parenteral formulation contains 5 mg per mililiter and may
be given intramusculatly, subcutaneously, or intravenously.

Diagnosis: Blood test — Check Serum or erythrocyte folate
concentration, Increased plasma HCV concentration with
normal MMA levels is another indicator of folate defi-
ciency. 16
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