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ABSTRACT: BACKGROUND: Anemia continues to be a major public health problem worldwide, 

particularly in the developing country settings. The prevalence of anemia in females is 

disproportionately high in the developing countries mainly due to poverty, inadequate diet, 

malaria and other parasitic infection, poor access to health services and repeated 

pregnancy.AIM: The aim of this study is to find out the prevalence of anemia, in school going 

adolescent females in the age group of 12-15yrs in a village school and to know the prevalence 

of iron deficiency in both the anemic and non anemic school going adolescent females in a 

village school. MATERIAL AND METHODS: Present study is carried out in the Department of 

Pathology, Rural Medical College in Maharashtra situated in Central India. A secondary school in 

the neighborhood, having hundred girl students in the age group of 12-15years studying in VI to 

IX standard was selected. Screening for anemia and iron deficiency was done by: 1.Complete 

blood count: done by automatic cell counter i.e. Coulter for hemoglobin 

concentration.2.Estimation of serum ferritin concentration: was done by ELISA. RESULT: 63 of 

100 girl students had hemoglobin levels less than 12 gm%. Anemia (hemoglobin <12 gm %) was 

present in 63% (63 out of 100) girls.  Out of 63 girls who were anemic, 50 girls had reduced 

serum ferritin. Since the total number of students was 100, thus the prevalence of iron 

deficiency anemia was 50%. CONCLUSION: Iron deficiency is the major cause of anemia and 

most common nutritional disorder in our country and remains a formidable health challenge. 

Females in the period of later school age and early adolescence are prone to develop iron 

deficiency because, the nutrient requirements are high as the reserves are being laid for the 

subsequent rapid pubertal growth spurt, menstrual loss and also due to limited dietary iron 

intake 
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INTRODUCTION: Iron deficiency anemia was apparently a recognized illness in the ancient 

Egypt and was known to Hippocrates. Choloris, named the “green sickness” because of pallor it 

produced, was found in the 17th century responsive to iron therapy. A recent publication sited 

iron deficiency as the third greatest global health risk after obesity and unsafe sex 1. Anemia 
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resulting from iron deficiency affects approximately 2 billion people or 34% of the world 

population 2. Iron deficiency is not limited to developing countries and is the main cause of 

anemia in the United States. According to the third National Health and Nutritional Examination 

Survey (NHANES III) data, iron deficiency is prevalent in 9% of toddlers and up to 11% of 

adolescent females in the United States. Iron deficiency anemia most severe stage of iron 

deficiency (defined as a low hemoglobin concentration with iron deficiency) was found in 3% of 

the adolescent females 3 
  In defining iron deficiency as the point at which iron stores are completely exhausted, 

where in even small functional iron deficits will be associated with certain liabilities both 

hematological and non hematological. Iron deficiency can be diagnosed by showing that there is 

no stainable iron in the reticulo endothelial cells in bone marrow smears or, more easily, by a 

low concentration of ferritin in serum (<12µg/l).    Laboratory measurement of serum ferritin 

has emerged as the single most important indicator of iron deficiency.4 It is the main test for 

iron assessment whether performed to screen healthy individuals for the latent iron deficiency 

or to diagnose iron deficiency in an overtly anemic patients 4.In healthy individuals the level of 

serum ferritin provides a reliable measure of storage iron 5. The overriding advantage of 

measuring serum ferritin is that a value of less than 12 µg/l in a patient is diagnostic iron 

deficiency 6. 

Previously very few studies have been carried out to assess the prevalence of iron 

deficiency among school going adolescent females in India. In present study effort has been 

made to find out the prevalence of anemia, in school going adolescent females in the age group 

of 12-15 years in a village school and to know the prevalence of iron deficiency in both the 

anemic and non anemic school going adolescent females in a village with the use of serum 

ferritin level. 

 

MATERIAL AND METHOD: The present study was carried out in the Department of Pathology 

in a rural medical college, Maharashtra. Approval was obtained from the Institutional Ethics 

Committee for the study. 
 

SELECTION OF SUBJECTS: A secondary school in the neighborhood, having girl’s student in the 

age group of 12-15years studying in VI to IX standard was selected. Necessary permission was 

taken from the school authority and girls were explained in detail about the study in the school 

assembly. Participation in the screening programme was voluntary. An explanatory letter and 

consent form was given to all the girls who attended the school and was distributed in the 

science class. Written consent was obtained from parents or guardian for participation in the 

screening. Participants completed a questionnaire asking for significant family, medical and 

menstrual history, parent’s education and their dietary habits. 

 

METHOD OF SCREENING: 

Screening for anemia and iron deficiency was done by: 

1. Complete blood count:  done by automatic cell counter i.e. Coulter for hemoglobin 

concentration. 

2. Estimation of serum ferritin concentration: was done by ELISA 

 

Blood samples were collected by using aseptic precautions by qualified and experienced 

phlebotomists. Around 4 ml of blood was collected, 2ml in plain bulb and 2 ml in EDTA bulb. 
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From plain bulb serum was separated and kept at - 20 degree Celsius for serum ferritin 

estimation and EDTA sample was used for complete blood count which was done by automatic 

cell counter, provided the hemoglobin concentration. 

Serum ferritin was done by ELISA .For this the recommended protocol by the kit used was 

followed. 

 

PRINCIPLE OF THE TEST: Antihuman-ferritin antibodies are bound to micro wells. Ferritin 

present in diluted serum or plasma, bind to the respective antibody. Washing of the micro wells 

removes unspecific serum and plasma components. Horseradish peroxides (HRP) conjugated 

antihuman ferritin, immunologically detects the bound patients ferritin forming a 

conjugate/ferritin/antibody complex. Washing of the micro wells removes unbound conjugate. 

An enzyme substrate in the presence of bound conjugate hydrolyzes to form a blue color. The 

addition of an acid stops the reaction forming a yellow end-product. The intensity of this yellow 

color is measured photometrically at 450 nm. The amount of colour is directly proportional to 

the concentration of ferritin present in the sample. 

 

PROCEDURE OF THE TEST: 

 

1. Pipette 25 µl calibrator, control and patient sample and add 100 µl sample 

buffer.Incubate for 30 minutes at room temperature.Discard the contents of the 

wells and wash 3 times with 300 µl of wash solution. 

2. Pipette 100 µl enzyme conjugate. Incubate for 15 minutes at room 

temperature.Discard the contents of the wells and wash 3 times with 300 µl of 

wash solution. 

3. Pipette 100µl substrate solution.Incubate for 15 minutes at room temperature. 

4. Add 100 µl of stop solution. Leave untouched for 5 minutes.Read at 450 nm 
 

INTERPRETATION OF RESULTS: First the average optical densities were calculated for each 

calibrator. Then by using line- log graph paper the average optical density of each calibrator 

versus the concentration was plotted. The best fitting curve approximating the path of 

calibrator was drawn. The calibrator points may also be connected with straight line segment. 

The concentrations of unknowns were then estimated from the calibration curve by 

interpolation. 

Established age adjusted values for hemoglobin and serum ferritin were used. 

The participants after screening were divided into three groups: 

 

        GROUP I        GROUP II            GROUP III 

Participants who were 

anemic (Hb.< 12gm %) and 

iron deficient (Serum 

ferritin less than 12µg/l) 

 

Participants who were non 

anemic (Hb concentration of 

12gm% or more) and iron 

deficient (serum ferritin level 

<12µg/l) 

Participants who had 

hemoglobin concentration of 

12gm% or more and serum 

ferritin levels of 12µg/l or 

more 
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RESULTS: 100 students were tested for hemoglobin concentration, serum ferritin. 63 of 100 girl 

students had hemoglobin levels less than 12 gm% and 37 had hemoglobin levels above 12 gm%. 

Anemia (hemoglobin <12 gm %) was present in 63% (63 out of 100) girls. Thus, prevalence of 

anemia in school going adolescent females was 63%.  The overall mean hemoglobin in the study 

was 11.66 ± 1.27. The mean hemoglobin levels were 12.80 in nonanemic girl students and 10.99 

in anemic students respectively with p value <0.0001 which is statistically significant. 

Out of the 63 girl students who had anemia, 56 girls (56%) had Hb values between 10-12 gm%, 

5 girls (5%) had Hb values between 7-10 gm% and rest of the 2 girls (2 %) had Hb values below 

7 gm%. Thus, mild anemia (Hb10-12 gm %) was present in 56% of the study subjects, moderate 

anemia (Hb 7-10 gm %) in 5% and severe anemia (Hb < 7 gm %) was present in only 2 % of the 

study subjects. 

On analyzing the questionnaire which included relevant family history, parent’s 

education, dietary history and other relevant history of anemic and non anemic student, 

Parent’s education level showed no statistically significant difference (p value =0.21) between 

anemic and non anemic students.  No statistical significant difference (p value 0.11) was 

observed between the dietary habbits of anemic and non anemic students. 

Serum ferritin was done in 100 girl students between the age group of 12 -15 years, 67 

were iron deficient (serum ferritin <12 µg/l). So the prevalence of iron deficiency was 67%.  

Out of 63 girls who were anemic, 50 girls had reduced serum ferritin. Since the total number of 

students was 100, thus the prevalence of iron deficiency anemia was 50% and rest of the 13 

girls who were anemic, the cause of anemia was other than iron deficiency.  

To know the probable cause of anemia in these 13 girls who were anemic but were not 

iron deficient, further investigation in the form of peripheral smear examination, reticulocyte 

count and electrophoresis was done. 4 out of the 13 students were found to be sickle cell trait, 1 

was sickle cell disease, 1 was thalassemia minor and 7 were macrocytic anemia probably due to 

vitamin B12 and folic acid deficiency.  

These 13 students who were anemic but not iron deficient were excluded from the 

study. Anemia with iron deficiency was present in 50 girl students (group I), 17 students were 

non anemic iron deficient (group II) and 20 students were non anemic non iron deficient (group 

III). 

Mean serum ferritin and hemoglobin levels in group I (anemic iron deficient) was 8.45 

µg/L and 11.01 gm %. In group II (nonanemic iron deficient) it was 10.05 µg/L and 12.61 gm% 

respectively. Whereas, in group III (nonanemic non iron deficient) the mean serum ferritin and 

mean hemoglobin level was 25.27µg/L and 12.97 gm%. 

 

DISCUSSION: Prevalence of anemia in various region /places in India by different authors is 

shown in table no.1.It is as high as 96.5% in Odisha11 to as low as 15.3% in Bangalore12. In 

present study prevalence of anemia in school going adolescent female is 63%Serum ferritin was 

done in 100 girl students, 67 were iron deficient (serum ferritin <12 µg/l). Thus the prevalence 

of iron deficiency was 67%.According to the third National Health and Nutritional Examination 

Survey (NAHANSIII); 3 In United States 11% of the adolescent females are iron deficient. In 

Western Iran a study done by Akramipour R et al (2008) 7  the prevalence was 23.7%, whereas 

in urban Bangladesh  a study done by Ahmed F et al (2000) 8 it was  only 17%. 

In India till date very few studies have been done to know the prevalence of iron 

deficiency using serum ferritin or/and transferrin saturation criteria. Basu et al (2005)9 in  a 

study done in government schools of Chandigarh found the prevalence to be as high as 81.8% 
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compared to our study in which the prevalence is 67%. The reason for comparative high 

prevalence in the study of Basu et al (2005)9 may be because they have taken cutoff of iron 

deficiency as <15ng/ml (15µg/l). In all the recent studies including ours the cutoff of iron 

deficiency is < 12µg/l. 

 

PREVALENCE OF IRON DEFICIENCY ANEMIA:Out of the 63 girls who were anemic, 50 girls 

had reduced serum ferritin. Since the total number of study subjects were 100 the prevalence of 

iron deficiency anemia (Hb <12 gm/dl and serum ferritin <12µg/l) is 50%. Iron deficiency 

anemia constituted 79% of all anemias in the present study. 

In United States the prevalence of iron deficiency anemia is only 3% (NAHANSIII);3 

whereas in the study done in Western Iran by Akramipour R et al (2008) 7 the prevalence of 

iron deficiency anemia was 21.4%. In India Chandigarh, the prevalence of iron deficiency 

anemia was 11.4% in school going adolescent females. 

In the present study the high prevalence of iron deficiency anemia (50%) is difficult to 

explain exclusively on the basis of low bio-available dietary iron. Other factors may be playing a 

role, most likely excess iron loss due to parasitism. 

In most of the studies prevalence of iron deficiency is much more than the prevalence of 

iron deficiency anemia. Iron deficiency anemia is manifestation of severe form of iron 

deficiency. 

Three fourth of all the anemic students had decreased serum ferritin. Iron deficiency 

constituted 79% of all anemia, this is similar to the findings of Choudhary A et al (2006) 10 

where in also three fourth of all anemic were iron deficient. In the study done in Western Iran 

by Akramipour R et al (2008)8 57.3% of anemic girls were iron deficient. 

 

CONCLUSION: - Prevalence of anemia among adolescent female is quite variable in different 

places of India. It depends upon socioeconomic factors, dietary habbits, infection especially 

malaria and also worm infection. The higher prevalence of mild anemia, demands due emphasis 

so as to bring down total prevalence of anemia in school going adolescent females. Special 

emphasis should be given for nutrient supplement especially iron and vitamins in this age group 

as there are chances of iron deficiency due to rapid pubertal growth spurt, menstrual loss and 

also due to limited dietary iron intake. Firm policies should be developed for vitamin and 

mineral supplementation in adolescents with political commitment. 
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Table No.1 .Prevalence of anemia in various region /places in India by different authors. 

Authors Region / Places Prevalence 

Basu et al (2005) 9 Chandigarh 23.9% 

Chaudhary A et al (2008)10 Vellore 29% 

Bulliyy G et al (2007)11 Orissa 96.5% 

Muthayya S et al(2007)12 Bangalore 15.3% 

Kapoor G et al(1992)13 Delhi 50.3% 

Sidhu S et al.(2005)14 Punjab 70.57% 

Sen A and Kanani(2006)15 Gujarat 67% 

 

 Table No.2. Showing mean hemoglobin level in anemic and non anemic adolescent  girl 

students. 

Mean hemoglobin levels (p value < 0.0001) 

Nonanemic  12.80 ± 0.65 

Anemic  10.99 ± 1.05 
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Table No.3. Showing number of students in different groups 

 

Groups       Number of students 

Anemic iron deficient (group I)           50 

Nonanemic iron deficient (group II)           17 

Nonanemic non iron deficient (group III)           20 

 

  Table No.4. Showing mean serum ferritin & hemoglobin levels: 

 

 Mean serum ferritin 

(µg/L) 

Mean hemoglobin levels 

(gm %) 

Anemic iron 

deficient (group I) 

(n=50) 

8.458 µg/L 11.01 gm% 

Nonanemic iron 

deficient (group II) 

(n=17) 

10.02 µg/L 12.61 gm% 

Nonanemic non 

iron deficient 

(group III) 

(n=20) 

25.275 µg/L 12.975gm% 

 

 

 

 


