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ABSTRACT 
Iron deficiency is the commonest cause of anemia in Indian adolescent girls and women and it impairs their work 

performance and work capacity. The study was carried out on 210 adolescent girls in the age group of 10 to 19 years, selected 

randomly from schools of Jammu district. Samples of blood were collected from the subjects and analyzed for parameters like 

haemoglobin concentration, total erythrocyte count, packed cell volume, serum iron and total iron binding capacity. From TEC, 

PCV and haemoglobin were calculated the blood indices MCV and MCHC. From serum iron and TIBC was calculated the 

transferrin saturation index.Our findings show that 71.42% adolescent girls were anemic, and they showed significant decrease 

in physical performance. Hematological parameters and biochemical parameters were significantly lower in moderately anemic 

adolescent girls as compared to mild anemic adolescent girls.Also the physical fitness index was poor in girls with moderate 

anemia as compared to mild anemic and non anemic adolescent girls. 
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INTRODUCTION 

Iron deficiency is the most common cause of 

anemia and is one of the leading risk factors for 

disability and death worldwide, affecting an 

estimated 2 billion people (1). It is a state in which 

the content of iron in body is decreased, which 

manifests as decreased serum iron, decreased 

transferrin saturation, low hemoglobin and low 

hematocrit. It occurs in varying degrees of severity, 

which merge imperceptibly into one another(2,3). 

Iron deficiency impairs work performance 

both during intense short-lived exercise and longer 

intervals. The decrease in work capacity is 

proportional to blood hemoglobin concentration. Low 

hemoglobin concentration in blood results in 

decreased oxygen capacity of hemoglobin with the 

parallel effect on blood carbon dioxide transport (4). 

Iron deficiency also results in decreased iron 

containing enzymes of mitochondrial respiratory 

chain in skeletal muscles with a concomitant decline 

in muscle respiratory capacity to utilize oxygen. This 

reduction in aerobic metabolism is associated with an 

increased susceptibility to fatigue (5). 

Iron deficiency anemia is a formidable 

health challenge in developing countries and remains 

persistently high despite national programmes to 

control this deficiency(6). In a study conducted 

separately in eleven Asian countries including India, 

more than 40% of adolescents were anemic 

(hemoglobin <115 g/L). A review of Indian studies 

on anemia revealed that >70% of adolescent girls in 

low income communities had hemoglobin levels 

<110 g/L.When the WHO cut-off of 120 g/L was 

applied, the prevalence was even higher i.e. 80-

90%(7).Iron requirements are increased during 

adolescence, reaching a maximum at peak growth, 

and remaining almost as high in girls after menarche 

to replace menstrual losses (8). 

Besides being a major threat to safe 

motherhood, iron deficiency anemia (IDA) in 

adolescent girls contributes to poor growth, lowered 

resistance to infections, poor cognitive development 

and most importantly, decreased physical work 

capacity (6). Iron deficiency is associated with an 

inability to perform normal physical activities such as 

walking various distances, climbing stairs, carrying 

groceries, etc. Concentration and short-term memory 

loss are the most common presenting symptoms in 

day to day routine activity in iron deficiency 

Anaemia. Chronic tiredness or fatigue is a non-

specific symptom often attributed to iron 

deficiency(9). 

In this context, the present study was 

undertaken to evaluate the effect of iron deficiency 

on physical performance in adolescent girls, iron 

deficiency being the most common cause of anemia. 

It is one of the leading risk factors for disability and 

death worldwide, affecting an estimated two billion 

people. Anemic girls are at a risk of compromised 
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physical performance, but may also be at increased 

obstetric risk once they become pregnant. 

 

MATERIAL AND METHODS 

The prospective randomized study was 

carried out on 210 subjects in the age group of 10 to 

19 years of age, in the Postgraduate Department of 

Physiology in collaboration with the Department of 

Biochemistry, Government Medical College, Jammu. 

The subjects were selected randomly fromvarious 

schools of Jammu district.  The blood samples were 

taken after proper counseling and consent and were 

analyzed for parameters like hemoglobin estimation, 

total erythrocyte count, packed cell volume, serum 

iron, total iron binding capacity. The adolescent girls 

were subjected to detailed evaluation regarding 

history, socio-economic status and general physical 

examination. The subjects were classified 

prospectively into three groups on the basis of their 

hemoglobin levels as per National Institute of 

Nutrition (NIN) Classification of Anemia (10). Group 

A (n=60): non-anemics with hemoglobin levels >12 

gm% (as control group), Group B (n=75): mild 

anemics with hemoglobin levels 10 to 11.9 gm%, 

Group C (n=75): moderate anemics with hemoglobin 

levels 8 to 9.9 gm%.Under all aseptic precautions, 

venous blood was collected for the study and the girls 

were subjected to detailed evaluation including: (i) 

Biodata of subjects; (ii) Detailed investigative work-

up in the form of hemoglobin estimation, total 

erythrocyte count (TEC), packed cell volume (PCV), 

serum iron and total iron binding capacity (TIBC); 

(iii) From TEC, PCV and hemoglobin, blood indices 

were calculated i.e. mean corpuscular hemoglobin 

concentration (MCHC) and mean corpuscular volume 

(MCV); (iv) From serum iron and TIBC, transferrin 

saturation index (TSI) was calculated (11). 

The blood samples were taken in the 

morning from 8 to 11 a.m., as there is diurnal 

variation in serum iron levels, being highest in the 

morning and lowest in the evening (12, 13). It was 

made sure that the subjects were not taking any iron 

or vitamin preparation for one week prior to the test. 

Exclusion criteria for the subjects included: 

hemoglobin <8 gm%, respiratory disorders, 

cardiovascular disorders and any chronic systemic 

disease.Hemoglobin estimation was done using acid 

hematin method which employs Sahli's 

hemoglobinometer. For TEC, hemocytometer was 

used for counting of cells in the blood. For 

determining the presence or absence of anemia and 

measuring its degrees, measurement of 

PCV/hematocrit was done by using Wintrobe's tube 

after centrifugation of blood. From the above 

estimation, two blood indices MCV (in cubic micron) 

and MCHC (in percentage) were derived. TSI was 

measured by ‘The Iron Method’ based on direct iron 

assay, using chromophore ferene. It was done in Auto 

Analyzer (SIMENS) Dimension X pand clinical 

chemistry. TIBC was measured by TIBC method 

which is a direct iron procedure using a surfactant to 

prevent protein precipitation. From serum iron and 

TIBC, TSI was calculated. 

The physical performance of the subjects 

was assessed by Harvard Step Test.This test exposes 

the subject to a standard exercise that no one can 

perform in a ‘steady state’ for more than a few 

minutes. It takes into account two factors – the length 

of time the exercise can be sustained and deceleration 

of heart rate after exercise. It consists of measuring 

the endurance in stepping up and down on a bench of 

standard height and the pulse rate in response to the 

exercise (10). The exercise was performed for as 

many minutes as subject could sustain,not exceeding 

5 minutes in any case. After the cessation of exercise, 

pulse was recorded from 1 minute to 1.5 minutes for 

a period of 30 seconds. Thereafter, the index of 

fitness or physical fitness index (PFI) was calculated. 

 

STATISTICAL ANALYSIS 
Arithmetic mean, standard deviation, mean 

square and sum of squares of each parameter were 

calculated. Statistical analysis of each set of variants 

in all the three groups was carried out by the method 

of analysis of variance (ANOVA). The value of ‘F’ 

obtained from ANOVA was tested for significance 

from the ‘F’-table at 5% level of significance. Further 

comparison between the means of each variable in 

different groups was done with one another using 

Bonferroni-‘t’ procedure and critical values obtained. 

‘Z’ transformation of Bonferroni-‘t’ was done. The 

critical values so obtained were compared with the 

table value of ‘Z’ and were considered significant if 

‘p’ was <0.0. 

 

RESULTS 

The mean baseline characteristics of 210 

subjects and their mean physical fitness index (PFI) 

are depicted in Table 1. The mean age and mean 

weight of all the three groups was in close proximity 

to each other. The mean values of variables among 

Group A, B and C were comparedand it was 

observed thatthe mean differences in hemoglobin 

(p=0.00), PCV (p=0.00), TEC (p=0.00), MCHC 

(p=0.04), MCV (p=0.00), serum iron (p=0.00), TIBC 

(p=0.00), TSI (p=0.00) and PFI (p=0.00) were all 

found to be statistically significant by the method of 

ANOVA.Further comparison of mean values of 

variables of individual groups with one another was 

done using Bonferroni-‘t’ method with ‘Z’ 

transformation. The mean values of all the variables 

i.e., hemoglobin, PCV, TEC, MCHC, MCV, serum 

iron, TIBC, TSI and PFI were significant when 

compared between Group A and Group B, Group B 

and Group C and also Group A and Group C 

(p<0.05) (Table 2). 
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Table 1: Mean baseline characteristics of Group A, B and C 

Variables 
Group A (n=60) 

Mean ± SD 

Group B (n=75) 

Mean ± SD 

Group C (n=75) 

Mean ± SD 

Age (years) 13.66 ± 1.38 14.17 ± 1.75 14.42 ± 1.75 

Weight (kg) 38.46 ± 5.99 40.76 ± 5.72 40.41 ± 6.52 

Haemoglobin (gm/dL) 12.33 ± 0.38 10.55 ± 0.45 8.90 ± 0.53 

PCV (%) 42.65 ± 1.69 37.61 ± 2.26 32.04 ± 2.00 

TEC (millons/mm3) 5.25 ± 0.15 5.22 ± 5.00 4.29 ± 0.20 

MCHC (%) 28.94 ± 1.14 31.28 ± 2.78 27.27 ± 2.16 

MCV (µ/mm3) 81.22 ± 3.25 80.85 ± 4.92 74.62 ± 4.97 

Serum iron (µg/dL) 101.51 ± 10.46 82.57 ± 12.60 42.13 ± 12.03 

TIBC (µg/dL) 291.23 ± 25.47 313.62 ± 26.35 457.6 ± 27.37 

TSI (%) 35.10 ± 5.14 26.52 ± 5.26 9.24 ± 2.95 

PFI 76.42 ± 7.65 53.48 ± 8.63 44.67 ± 6.69 

 

Table 2: Comparison of individual groups with one another using Bonferroni procedure with ‘Z’ 

transformation 

Variables Group A vs Group B Group A vs Group C Group B vs Group C 

Haemoglobin p<0.05 p<0.05 p<0.05 

PCV p<0.05 p<0.05 p<0.05 

TEC p>0.05 p<0.05 p<0.05 

MCHC p<0.05 p<0.05 p<0.05 

MCV p>0.05 p<0.05 p<0.05 

Serum iron p<0.05 p<0.05 p<0.05 

TIBC p<0.05 p<0.05 p<0.05 

TSI p<0.05 p<0.05 p<0.05 

PFI p<0.05 p<0.05 p<0.05 

 

DISCUSSION 

The present study was conducted on 210 

adolescent girls with an aim to study the effect of 

iron deficiency anemia on their physical 

performance. Blood samples were taken from the 

subjects and were analyzed for different parameters 

to evaluate iron status. Adolescent girls with 

hemoglobin levels of12 gm% or more, formed Group 

A or non-anemic group and included 60 girls. Group 

B or mild anemic group with hemoglobin levels 10-

11.9 gm% consisted of 75 girls. Group C or moderate 

anemic group had hemoglobin levels 8-9.9 gm% and 

included 75 girls. 

The term ‘anemia’ refers to a reduction 

below normal in the concentration of hemoglobin or 

red blood cells in the blood. Any of the three 

measures of concentration i.e. hemoglobin, 

hematocrit or number of red cells may be used to 

establish the presence of anemia. The manifestations 

of anemia depend on five factors i.e. the reduction in 

oxygen carrying capacity of the blood, the degree of 

change in total blood volume, the rate at which the 

previous two factors developed, the capacity of the 

cardiovascular and pulmonary systems to compensate 

for anemia and the associated manifestations of the 

underlying disorder that resulted in the development 

of anemia (14). 

Hematological parameters estimated in the 

present study were hemoglobin, total erythrocyte 

count (TEC) and packed cell volume (PCV). From 

these parameters, mean corpuscular volume (MCV) 

and mean corpuscular hemoglobin concentration 

(MCHC) were calculated. All these parameters gave 

evidence of iron deficiency anemia and its severity 

(15). 

Iron deficiency anemia has been defined as a 

microcytic hypochromic anemia secondary to a total 

body iron deficiency. A more sensitive definition of 

iron deficiency is a negative iron balance and iron 

deficient erythropoiesis. Iron deficiency with 

microcytic hypochromic red blood cell morphology 

indicates a prolonged period of negative iron balance 

and production of poorly hemoglobinized cells. In 

iron deficiency anemia, there is fall in hemoglobin 

level and also there is fall in packed cell volume. 

MCV and MCHC are also decreased. In iron 

deficiency anemia, serum iron falls with an increase 

in total iron binding capacity (TIBC). The transferrin 

saturation index (TSI) falls and if it is less than 16%, 

it is diagnostic of iron deficiency anemia (10, 16, 17). 

The fall in mean hemoglobin values in the 

present study was statistically significant when 

compared between Group A and Group B, Group B 

and Group C, and Group A and Group C (for all, 

p<0.05).The fall in hemoglobin levels occurs in iron 

deficiency anemia because iron is an important 

component required for hemoglobin synthesis and 

when there is negative iron balance with reduced iron 

availability for hemoglobin synthesis, hemoglobin 

levels start to fall (3, 11, 17). 

In the present study, the mean PCV in 

Group A was 42.65% with a range of 39 to 45%. In 
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Group B, mean PCV was 37.61% with a range of 34-

42% and in Group C, mean PCV was 32.04% with a 

range of 28-36%. The values were statistically 

significant between all the three groups, i.e. between 

Group A and Group B, Group B and Group C and 

Group A and Group C (for all, p<0.05). 

The significant fall in hematocrit in subjects 

with mild anemia as compared to non-anemic group 

and more low values in moderate anemic subjects are 

in accordance with observations of LaManca and 

Haymes (13), Lukaskiet al. (18) and Ballinet al. (19). 

Similar findings were reported by Bainton and Finch 

(20) in the anemic subjects in their study.The mean 

TEC values were found statistically insignificant 

when compared between Group A and Group B (p 

>0.05) but statistically significant between Group B 

and Group C and also between Group A and Group C 

(p<0.05). 

Similar results have been quoted by 

Benjamin et al. (21). Nagiet al. (10) did not find any 

statistical significant co-relationship among their 

three groups. Smith (22) mentioned that as iron 

deficiency primarily affects hemoglobin synthesis 

and red cell synthesis is affected to a lesser extent so 

erythropoiesis may be normal or moderately reduced. 

In the present study, the MCV values were 

statistically insignificant when compared between 

Group A and Group B (p>0.05) but statistical 

comparison between Group B and Group C and 

Group A and Group C was significant 

(p<0.05).Similar findings were found by Nagiet al. 

(10) where they also found low MCV in anemic 

subjects. Bainton and Finch (20) also found MCV to 

be decreased in anemic subjects. A decrease in MCV 

in iron deficiency anemia was also observed by 

Ballinet al. (19).The mean values of MCHC were 

found to be statistically significant in the present 

study when compared between Group A and Group 

B, Group B and Group C and Group A and Group C 

(p<0.05). 

An MCHC of 28% in anemic subjects was 

observed by Bainton and Finch (20). Findings of 

present study are also in agreement with findings of 

Ballinet al. (19).The mean values for serum iron were 

statistically significant (p<0.05), when compared 

between all the three groups i.e. between Group A 

and Group B, Group B and Group C and Group A 

and Group C.The present study findings are in 

accordance with those reported by Finch (2), 

Rapaport (16), Ballinet al. (19) and Bainton and 

Finch (20). Impaired iron absorption, increased RBC 

destruction, abnormally high excretion, chronic blood 

loss or other reasons of iron loss, lead to depletion of 

iron stores (23). 

The mean TIBC was raised in Group B and 

Group C in the present study. The mean TIBC in the 

three groups was compared the difference among the 

mean TIBC values in the three groups was 

statistically significant (p<0.05).The above 

observations show that the fall in serum iron levels in 

body is associated with an increase in TIBC levels. 

Similar findings were also reported by Bainton and 

Finch (20) and Peter and Wang (23). 

In the present study, the statistical 

comparison of TSI was significant when compared 

between Group A and Group B, Group B and Group 

C and between Group A and Group C with 

p<0.05.Patients with iron deficiency anemia have a 

decreased concentration of serum iron, increased 

TIBC and a low degree of transferrin saturation index 

(23). Dallman (24) reported that analysis of 

hemoglobin concentration, TSI and blood smear are 

not reliable for the diagnosis of mild iron deficiency 

anemia, whereas Tumbiet al. (25) have proposed TSI 

as a better indicator of iron status than serum iron or 

TIBC alone.Physical performance in the present 

study was assessed by Harvard Step test and 

expressed by physical fitness index (PFI) or rapid 

fitness index (RFI). There was statistically significant 

co-relationship of PFI when compared between 

Group A and Group B, Group B and Group C and 

between Group A and Group C (p<0.05). A 

significantly high score of Harvard Step test in non-

anemic subjects as compared to the anemic subjects 

was observed. These results are in agreement with 

those reported by Nagiet al. (10) and Tumbiet al. 

(25). 

Decreased oxygen carrying capacity of 

blood in iron deficiency anemia is due to decreased 

iron and hemoglobin in the blood resulting in 

decreased physical performance (13, 24). 

 

CONCLUSION 

Out of 210 adolescent girls tested, 71.42% 

were anemic. Hematological parameters were 

significantly lower in moderately anemic adolescent 

girls as compared to mild anemic adolescent girls. 

Biochemical parameters were also significantly lower 

in moderately anemic adolescent girls as compared to 

mild anemic adolescent girls. There was significant 

decrease in physical performance in anemic 

adolescent girls as compared to non-anemic 

adolescent girls. The physical fitness index was poor 

in moderately anemic adolescent girls as compared to 

an average score in mild anemic adolescent girls and 

non anemic adolescent girls.  
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