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and females: 11.0–11.9 g/dL), moderate (8.0–10.9 g/dL in 
both genders), and severe (<8.0 g/dL in both genders).[2,3] 
Studies have been conducted in different regions of  India 
showing the prevalence of  anemia was 52.5% in Madhya 
Pradesh, 37% in Gujarat, 41.1% in Karnataka, 85.4% in 
Maharashtra, 21.5% in Shimla, 56.3% in Uttar Pradesh, 
77.33% in Andhra Pradesh, 58.4% in Tamil Nadu, and 
19.13% among college students in Kerala.[4-12] The major risk 
factors identified from literature include low socioeconomic 
status, blood loss during menstruation, nutritional status, 
hand hygiene, and worm infestation. In India, helminthic 
infestation is very common which can lead to chronic 
blood loss which, in turn, results in anemia.[13] Anemia if  
left untreated can lead to various adverse effects. As per the 
documented literature physiologically it can cause delay in 
onset of  menarche and increase in incidence of  infections 
due to impairment in immune system. If  the anemia is 
ignored on a long term and in the event of  pregnancy may 

INTRODUCTION

Anemia is one of  the most common nutritional disorders 
in women and children. As per the recent WHO estimates, 
29.9% of  women in the age group of  15–49  years are 
anemic world wide and 39.8% children until the age 
of  10  years is anemic.[1] The most common reason for 
anemia worldwide is the iron deficiency anemia. The 
normal hemoglobin percentage in males is 13 g/dL and 
females is 12 g/dL. The anemia is classified based on the 
hemoglobin percentage as mild (Males: 11.0–12.9  g/dL 
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Abstract
Introduction: Iron deficiency anemia is one of the most common nutritional disorders in women and children. The prevalence 
of anemia in India ranges from 19.13% to 52.5%. The risk factors include low socioeconomic status, menstruation, nutritional 
status, hand hygiene, and worm infestations. Untreated anemia can lead to morbidities including delayed menarche, increase 
in infections, low birth weight, increase in infant mortality rate, and maternal mortality rate. This study aims at understanding 
the prevalence of anemia among female medical students of Kerala.

Materials and Methods: Participants were included following the inclusion and exclusion criteria. Body mass index (BMI) was 
calculated as the WHO guidelines after recording the height and weight of the candidates. The hemoglobin was estimated 
using Sahli’s acid hematin method and correlated with the BMI of the students.

Results: Seventy-eight female students participated in the study out of which 19 were underweight, 51 had normal BMI, and eight 
were in obesity category. Forty-four students had hemoglobin above 13 g/dL. Among the 19 students who were underweight, 
six were found to be anemic and among the students with normal BMI, 26 were found to be anemic. The prevalence of anemia 
among the underweight category was 56.25% and in students with normal BMI, 51% were found to be anemic.

Conclusion: The reason for students developing anemia is related to improper knowledge, attitude, and practice toward dietary 
habits, menstrual irregularities, and possibly occult parasitic infestations. It is essential that appropriate preventive measures 
such as health education, lifestyle modification, education about nutrition, and nutritional supplementation be carried out to 
reduce short-term and long-term morbidities among female undergraduate medical students.
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lead to increased incidence of  low birth weight, increase in 
infant mortality rate, and maternal mortality rate.[14]

Medical students on the other hand with better knowledge 
about nutrition and access to healthcare would be expected 
to have better health indices but in practice it is noticed that 
many students especially female students are seen to have 
varying grades of  anemia. The studies done for detection of  
anemia exclusively in female medical students suggest that 
around 19.13–35.1% of  them suffer from varying degrees 
of  anemia. The reasons attributable to this include poor 
eating habits, meal skipping, snacking, increasing fast food 
consumption among medical students added to the long 
schedules of  studying, and family adoption visits and early 
clinical exposure postings of  the new curriculum-based 
medical education prescribed by the National Medical 
Commission.[12,15-17]

Hemoglobin and its Methods of Estimation
The hemoglobin molecule is a tetramer consisting of  two 
pairs of  similar polypeptide chains called globin chains. 
To each of  the four chains is attached heme which is a 
complex of  iron in ferrous form and protoporphyrin. The 
major (96%) type of  hemoglobin present in adults is called 
HbA and it has 2 alpha-globin chains and two beta-globin 
chains (α2β2). The gene that codes for the formation of  
α-globin chains is located on chromosome 16 and that 
which codes for the formation of  β-globin chains is on 
chromosome 11. In adults, a minor amount of  HbA2 
(α2β2) is also present and constitutes <3.5%. Various 
methods are available for estimation of  hemoglobin in the 
laboratory. Most commonly used methods are based on 
development of  color. These include Sahli’s acid hematin 
method, cyanmethemoglobin method, oxyhaemoglobin 
method, and alkaline hematin method. Among these 
methods, the common ones are Sahli’s acid hematin 
method and cyanmethemoglobin method. Sahli’s acid 
hematin method uses the simple principle wherein blood 
is mixed with N/10 HCl resulting in the conversion of  
Hb to acid hematin which is brown in color. The solution 
is diluted until its color matches with the brown colored 
glass of  the comparator box and concentration of  Hb 
is read directly.[18] Cyanmethemoglobin method is the 
internationally recommended method for determining 
hemoglobin. Here, the blood is diluted in a solution 
containing potassium cyanide and potassium ferricyanide. 
Potassium ferricyanide converts Hb to methaemoglobin 
which is converted to cyanmethemoglobin (HiCN) by 
potassium cyanide. The absorbance of  the solution is, 
then, measured in a spectrophotometer at a wavelength of  
540 nm or in a colorimeter using a yellow green filter.[19] 
Oxyhaemoglobin method converts Hb to oxyhaemoglobin 
by reaction with ammonia and the color of  the solution 
is measured in a photocolorimeter. Finally, the Alkaline 

hematin method where blood is converted to alkaline 
hematin by addition of  alkali such as sodium hydroxide and 
the color measured in a colorimeter at 540 nm.[20] Among 
these methods, we selected the Sahli’s acid hematin method 
as it is easy to perform, quick, and inexpensive, can be used 
as a bedside procedure and can be done by students under 
supervision as it does not require technical expertise.

MATERIALS AND METHODS

The study was conducted in Azeezia Institute of  Medical 
Sciences and Research, Kollam district of  Kerala state 
between March 2022 and September 2022 among the 
female undergraduate Medical students belonging to 
2021 batch all above the age of  18 years. Candidates with 
history of  anemia and other comorbid diseases such as 
hypothyroidism, chronic renal diseases, bleeding disorders, 
known cardiac ailments, hypertension, hyperthyroidism, 
and surgery in the recent past were excluded from the 
study. The weight in kg was measured using a standard 
digital weighing scale with Krups weighing machine 
wearing light clothes and without shoes. The machine 
was calibrated to nearest 0.1 kg. The height in centimeters 
using stadiometer was recorded. Subjects were asked to 
stand in Frankfurt plane position. Body mass index (BMI) 
was calculated as weight in kilogram divided by the square 
of  the height in meters. BMI <18.5 kg/m2 is categorized 
as underweight, between 18.5 and 24.9 kg/m2 as normal, 
25.0–29.9 kg/m2 as pre-obesity, 30.0–34.9 kg/m2 as obesity 
class  I, 35.0–39.9  kg/m2 as obesity class  II, and more 
than 40 kg/m2 as obesity class III or morbid obesity. The 
students were demonstrated on the method of  hemoglobin 
estimation using Sahli’s acid hematin method and were 
allowed to perform the test under supervision. Blood was 
collected using aseptic finger prick method. N/10 HCl 
was taken into the graduated hemoglobin tube up to 
mark 2 g%. 20 µL blood was collected in hemoglobin 
pipette under aseptic precautions without air bubbles. 
Tip of  pipette was wiped off  to avoid blood adhering to 
it. Blood was transferred immediately to N/10 HCl in 
hemoglobinometer tube. Pipette was rinsed several times 
by drawing N/10 HCl without foaming. After mixing the 
contents were left undisturbed for 10 min. The maximum 
conversion of  hemoglobin to acid hematin occurs now and 
gives a brown color to the mixture. Then, distilled water 
was added to dilute the acid hematin and continuously 
mixed with stirrer until the color matched the standards 
in the comparator. Reading was taken at eye level under 
natural day light after lifting the stirrer up and the reading 
was recorded in g/dL. The anemia is classified based 
on the hemoglobin percentage as mild in males with 
hemoglobin of  11.0–12.9 g/dL and in females when the 
reading is between 11.0 and 11.9 g/dL. Moderate anemia 
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was when the hemoglobin levels were between 8.0 and 
10.9 g/dL and severe anemia when the hemoglobin was 
<8.0 g/dL. The results were analyzed on Microsoft Excel 
and Chi-square tests. Students with mild anemia were 
given dietary counseling after getting a detailed history on 
socioeconomic status, dietary habits, menstrual history, 
and history of  passing worms. Students with moderate 
and severe anemia were counseled and advised medicine 
consultation for work up and pharmacotherapy of  anemia.

RESULTS

A total of  78 female students participated in this study. As 
per our protocol, height and weight of  all students were 
measured as described earlier. Out of  the 78 students, 19 
students were found to be underweight. Fifty-onestudents 
were having normal BMI and eight students were found 
to be in the pre-obesity category as per the recent 
WHO criteria. Out of  the 78 students, 44 were having a 
hemoglobin of  more than 13 g/dL. Thirty-four students 
were observed to have anemia of  varying degrees. Among 
the 19 students who were underweight, six students were 
found to be anemic. Four students had mild anemia with 
hemoglobin values ranging from 11.0 to 11.9 g/dL and 
two students had moderate anemia ranging between 8.0 
and 10.9 g/dL. Among the students with normal BMI, 26 
students were found to be anemic. Twenty students had 
mild anemia, followed by five students having moderate 
anemia and one student having severe anemia. Among the 
pre-obesity students, two students who were found to be 
anemic had severe anemia. The prevalence of  anemia in 
this group of  undergraduate female medical students was 
43.5%. Among the underweight students the prevalence 
of  anaemia was found to be 56.25%. Among the students 
with normal BMI, 51% were anemic and in the students 
with pre-obesity, 25% were severely anemic.

DISCUSSION

Anemia is one of  the most common nutritional deficiencies 
found in developing countries. Iron deficiency anemia is the 
most common type of  anemia in India. This anemia is more 
among the female gender especially in the reproductive 
age group. The incidence of  anemia among the female 
undergraduate medical students in this study was 43.5% 
and about 70% of  students had mild anemia. Most of  the 
students belong to the middle class and upper middle class 
socioeconomic class as per the modified Kuppuswamy 
socioeconomic status scale for the year 2022[21] and, hence, 
poverty cannot be ascertained as a cause for anemia in these 
students. The mean hemoglobin percentage was 11.9 g/dL 
and the mean BMI was 20.8.

In this study, Sahli’s acid hematin method was used as it is 
easy to perform, quick, and inexpensive, can be used as a 
bedside procedure, and does not require technical expertise 
and even students can be easily trained. This method has 
certain disadvantages as well. It is less accurate compared 
to cyanmethemoglobin method. All hemoglobins 
(oxyhaemoglobin and sulfhemoglobin) are not converted 
to acid-hematin, and hence, the value of  hemoglobin 
obtained is less than the actual value. The color of  acid 
hematin develops slowly. Color of  acid hematin fades with 
time and dilution must be done exactly after 10 min when 
the color development is maximum. Individual variation in 
matching of  color is seen. If  the matching point is passed, 
the whole procedure has to be repeated. Color of  glass in 
the comparator box tends to fade with time.

The medical students of  the current generation are following 
the new Competency Based Medical Education introduced by 
the erstwhile Medical Council of  India. As the socioeconomic 
status does not play a considerable role in causation of  
anemia, we started looking at other factors leading to anemia. 
Few students had given history of  menstrual irregularities in 
the discussion after performing the hemoglobin estimation. 
On further discussions on the dietary intake, it was seen that 
many students were skipping breakfast, increased snacking, 
and fast-food consumption. The present study showed that 
the prevalence of  anemia among undergraduate female 
medical students was 43.5%. It is essential that appropriate 
preventive interventions such as health education, lifestyle 
modification, and nutrition supplementation be carried out 
in this population so as to reduce the morbidity of  anemia 
and its complications in high-risk settings.

CONCULSION

Female Students in the medical Profession are not exempt 
from suffering nutritional disorders like anaemia. This 
is attributable to change in dietary pattern, lifestyle and 
increase in intake of  fast foods among college going 
children. Adding to the woes is the prevalence of  menstrual 
irregularities among students in this age group. The need of  
the hour for prevention of  anaemia is regular counselling 
on good dietary habits and menstrual health. These simple 
steps will go a long way in preventing short term and long-
term complications related with iron deficiency anaemia.

Limitations
The sample size was limited and the exact estimate can be 
obtained using a larger sample size.
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