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ABSTRACT

Background: Anemia poses a remarkable health challenge worldwide, especially for reproductive-age women in India. The NFHS-4
reported that approximately 63% of reproductive-age women in West Bengal are affected by anemia. In Berhampore town, there is
limited evidence concerning the prevalence of anemia and its contributing factors among reproductive-age women. Objectives: This
work aimed to find out the notable gap in anemia research among college-going reproductive-age women (18-23 years) of Berhampore
Girls’ College, West Bengal, India. The objectives were to explore the prevalence of anemia and its contributing factors. Methods: This
study was conducted on 90 volunteers. Sociodemographic background, economic status, educational qualification of parents, food
habits, and anthropometric parameters were analyzed. Anemic patients were screened based on blood hemoglobin concentration.
The statistical analysis was carried out using standard statistical tools. Results: This study indicates that 75.55% of female students are
anemic, and, the prevalence of anemia is higher (86.36%) among the rural population. The sociodemographic background, economic
condition, parents’education, and food habits are very poor compared to urban women. However, the anthropometric variables were
not correlated with anemia in either of the populations. Conclusion: Anemia is more prevalent in rural populations possibly due to their
poor socio-economic condition and insufficient food intake. Improving education, economic stability, and access to nutritious foods
may help to combat the rising prevalence of anemia in rural areas.
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INTRODUCTION

In the period of diversified and progressed societies, anemia
prevails as a global serious public health concern, especially in
countries with limited capital. Anemia is an acute worldwide
health issue characterized by an inadequate number of
erythrocytes and hemoglobin levels. The incidence of anemia
among various categories of people in India is increasing
day by day and the reproductive age of women remains
on the front page in this case."? The causes of anemia are
multifaceted, ranging from genetic factors to nutritional
deficiencies, such as a lack of iron, vitamins, and folate.3 In
conformity with the World Health Organization (WHO), 29.9%
of reproductive-age women globally suffered from anemia
in 2019'. According to the National Family Health Survey 4
(NFHS 4) report,4 over 63% of women in West Bengal suffer
from anemia, underscoring the crucial need for enhanced
nutritional strategies and healthcare interventions. For
instance, anemia can often be managed with dietary changes
including enhancing dietary iron intake, fortifying foods,
and iron supplements, sometimes injections, and improving
access to healthcare services to manage this prevalent
condition effectively.> Iron requirements in women are
indeed influenced by various stages of life and physiological
conditions. Hormonal fluctuations during puberty, menstrual
cycles, pregnancy, breastfeeding, and menopause can affect
iron metabolism and increase the risk of anemia.® Factors
such as menstrual bleeding, use of oral contraceptives,
intrauterine devices, childbirth, uterine fibroids, urinary tract
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infections, dietary habits, etc. play significant roles in reducing
iron levels.” In rural areas, the most frequent cause of anemia
is poverty-stricken family, lack of education, poor healthcare
services, improper hygienic conditions, and malnutrition.®
So, sociodemographic factors such as age, academics,
socioeconomic background, geographic area, region,
ethnicity, smoking, and drinking habits are accompanied by
the prevalence of anemia.

Berhampore is arenowned town in the Murshidabad district
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of West Bengal and among the total population, 51.3% of
females as per Census India 2011."" The overall literacy rate is
higher but the female literacy rate is lower than men. Several
numbers of prevalence studies on anemia have been done on
various types of age groups and populations.'>'* Berhampore
Girls’ College is one of the prestigious colleges dedicated
to women'’s education, located in the heart of Berhampore
town. This institute comprises students from diverse
geographical backgrounds, surrounding both rural and
urban areas of Murshidabad and neighboring districts. But
in Berhampore town, so far literature surveyed, the evidence
of prevalence study on anemia has not been reported till
now. The lack of existing data on anemia in this region, such
a study could fill a significant gap in public health knowledge
and potentially guide us for future interventions. So, this
study could provide valuable insights into the prevalence
and the contributing factors of anemia in reproductive-age
women, including socio-demographic issues, lifestyle, food
habits, and physical and anthropometric parameters with a
cross-sectional study method.

MATERIALS AND METHODS

Martin's anthropometer, Wright's peak flow meter, Medi-line
Advance Stethoscope, Sphygmomanometer, and Drabkin's
Solution (Arkray) were used.

Selection of Subjects

The college-going students were selected ensuring a diverse
yet controlled sampling by including female students from
Berhampore Girls’ College (Berhampore, Murshidabad, West
Bengal, India-742101, 24.0912° N, 88.2538° E) between the
age of 18 to 23 years. They are mostly from the nearby areas
like Berhampore, Beldanga, Krishnapur, Lalgola, Tehatta,
Kaliaganj, Kandi, Hariharpara, Domkol, Bhagwangola, Jalangji,

Kazipara, and Amtala. A comprehensive set of parameters
was taken from the participants including anthropometric
parameters, vital signs, and hematological parameters with
informed written consent. Individuals taking any type of
drugs, and having major health issues - mainly cardiovascular,
respiratory, renal, endocrinal, reproductive, hematological, or
metabolic disorders, smokers, alcoholics, and pregnant ones
were excluded to minimize confounding variables. All the
possible measures were taken to maintain the participants’
privacy and data confidentiality.

The study was conducted as per the study design as depicted
in Figure 1. According to the Hb concentration (gm/dl), the
total volunteers (18-23 years) were divided into two major
categories: healthy individuals ([Hb] > 11 gm/dl) and anemic
individuals ([Hb] < 11 gm/dI). As per the guidelines of Indian
Council of Medical Research (ICMR) and National Cancer
Institute (NCI), the anemic individuals were divided into 4
categories: mild anemic ([Hb] = 10.9-10 gm/dl), moderate
anemic ([Hb] = 9.9-8 gm/dl), severe anemic ([Hb] = 7.9-6.5
gm/dl) and life-threatening anemic ([Hb] < 6.5 gm/dl)'*'>,

22xp(1-p)

82

Sample size = >
Z°xXp(1-
1+ ( pi p))
e’N

Determination of Sample Size

As per NFHS-4, 58.1% of reproductive-age women were
anemic in Murshidabad District, West Bengal.'®'” Based
on prevalence p = 0.581, 95% confidence interval z = 1.96;
Relative error (e) = 0.05 and population (N) = 150. As per the
formula, the final sample size was approx. 107.

92 female students (aged 18-23 years) were
randomly selected for this study

2 Pregnant students (excluded)

With 90 female students, the study was conducted with their

4

Collection of Socioeconomic status, Food pattern,
Educational qualification, Physical and Anthropometric

Parameters from all the participants

4

To find out the prevalence and
contributing factors for anemia (if any)

?

proper written consent

Hemoglobin level was measured of all individuals

4

On the basis of hemoglobin concentration,
participants were divided into groups

4L

@Aucnne (Mild, Moderate, Healthy

Severe, Life-threatening)

Figure 1: Flowchart of the study design
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Collection of Variables

The studied population was asked several questions to
carry out this study. In this section, the studied population
was asked about their age, residence, parent’s educational
qualification, economic status (monthly), daily food
consumption, menstrual history, physical activity, and lifestyle.
After collecting all the data, the anthropometric parameters,
physical parameters, and biochemical parameters were
measured.

Measurements of Anthropometric parameters

The anthropometric parameters were done through the
standard techniques in a stature position (i.e. upright
position) using Martin’s anthropometer.'®'® Body weight was
noted (with a lightly-clothed and upright position) with an
analog weighing machine and the scale was set to zero “0”
before every single measurement. Body mass index (BMI) was
computed according to the following equation:2%%'

BMI (kg/m?): Weight (kg)/height? (m?)

To find out the relationship between obesity and anemia,
mid-upper arm circumference (MUAQ), hip circumference
(HC), waist circumference (WC), conicity index (Cl), and
abdominal volume index (AVI) were measured.

The MUAC, HC, and WC were measured using a stretchy
measuring tape by following the standard protocol.?'23
The waist-hip ratio (WHR) was calculated by following the

equation:2%2'

WHR = WC (cm)/HC (cm)

Cl was measured according to the following equation:**2°

Cl=WC (m) / [0.109 X v{Weight (kg) / Height (m)}]

AVI was measured according to the following equation:2%%”

AVI=[2 X WC (cm)? + 0.7 X {WC (cm) - HC cm)?}]/ 1000

Collection of Vital Signs

The systolic and diastolic blood pressure (SBP; DBP) of the
subjects were obtained by the auscultatory method at a
sitting position in resting condition.?®?° The heart rate of the
subjects was obtained by using the simple Watch method
in resting condition.3%3! The respiratory rate was measured
at rest manually.3? The peak expiratory flow rate (PEFR) was
measured at the upright position using Mini Wright's peak
flow meter as per the standard protocol.3>34

Collection of Blood

The study individuals gave their consent and about 1-mL
of venous blood was collected by phlebotomy technique
after taking 20 to 30 minutes rest at a sitting posture (Ethical
Clearance Ref.No. PHY/IHEC/RH/Certificate/01/22). The blood
was collected in a heparinized vial from the volunteers

to perform the hemoglobin estimation by Drabkin’s
method.?*3¢

Statistical Analysis

The statistical analysis was achieved considering a 95%
confidence level. Descriptive statistics, Students’ t-test,
ANOVA, and Pearson’s correlation were employed with a
significant level at p < 0.05. The data were evaluated with
Microsoft Excel Office 2019.

RESULTS

We observed that out of a total 90 subjects, 75.55% were
anemic, and the percentages of the mild, moderate, severe
and life-threatening anemic subjects were respectively 9, 37,
22, and 8% (Figure 2).

Another observation is that, among all the individuals, 24
(26.66%) residing in urban areas and 66 (73.33%) in rural areas
(Urban:Rural = 1:2.75). Notably, the prevalence of anemia was
disproportionately higher in rural areas, affecting 86.36%
of the population compared with the urban ones (45.83%)
(Figure 3).

The literacy rate of parents among rural individuals was low,
with 12% having education below the Madhyamik level
and 21% having completed Madhyamik. Parent education
is one of the reasons for the incidence of anemia, but in this
cohort, no such significant relation was found between the
occurrence of anemia and parent’s education (Figures 4a and
b). Figures 5a and b depict that, with the betterment of the
economic state, the frequency of anemia decreased. Notably,
42.4% of this rural population has a monthly family income of
310,000 or less. The incidence of anemia was increased with
the decrease in consumption of dietary iron in this cohort
(Figures 6a and b). The average daily iron intake from food is
about 10.67 + 3.81 mg in the rural population, compared to
13.05 £ 4.94 mg in the urban population. The intake of fruits
and animal-based foods, such as eggs, meat, and fish was
less among the subjects.

The average menstrual duration of this cohort was
approximately 4 to 5 days. There are no reported cases of
oligomenorrhea or amenorrhea, but very few menorrhagia,
hypomenorrhea, and dysmenorrhea are present in both
healthy and anemic individuals. Anemic individuals
commonly exhibit symptoms such as weakness and lethargy.

-

Figure 2: The distribution of all individuals according to the
hemoglobin concentration

O Healthy
(Above 11 gm/dl)

O Mild Anemic
(10-10.9 gm/dl)

O Moderate Anemic
(8-9.9 gm/dl)

@ Severe Anemic
(6.5-7.9 gm/dl)

B Life-threatening Anemic
(below 6.5 gm/dl)
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Figure 3: The type of locality among different groups. The results are
expressed in percentage values

Lifestyle factors, including skipping meals (breakfast, lunch,
tiffin, dinner) and regular physical activities (like yoga, dance,
swimming, free-hand exercise, lifting, karate, etc.), do not
influence the frequency of anemia.

There was no such correlation (Figure 7) found with all the
anthropometric parameters and physical parameters with
respect to Hb concentration. The mean, median, standard
deviation (SD), and upper and lower limits are presented in
a tabulated format (Table 1).

DISCUSSION

The prevalence of anemia is increasing globally day by
day specifically in women of reproductive age. In the case
of anemia prevalence, India endures at the forefront on a
global scale as it is a developing country. According to WHO
projections, 539 million non-pregnant reproductive-age
women (around half a billion) were affected by anemia®*’.
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In West Bengal, the prevalence of anemia is quite high;
according to NFHS-4 (2015-2016), 53.6% of women of
reproductive age had anemia, while NFHS-5 (2019-2021)
reported a prevalence rate of 71.7% 3%, This current study
exhibited the prevalence of anemiais 75.55% among college-
going women of Berhampore Girls’ College.

There are various contributing factors which was allied
with anemia among women of reproductive age, such as
socio-demographic issues, family education, economic
background, lifestyle, food habits, etc.'3%4% A large
proportion of this cohort exhibits anemia, with a significant
prevalence observed among individuals residing in rural
areas. A cross-sectional study introduced that 70.8% of
reproductive-age women were anemic, and belong to rural
areas in West Bengal.*! Another study reported that the
prevalence of anemia was 57.2% in rural areas compared
with the urban areas after experimenting upon 1027
pregnant women“2. Our study also supports the fact that
socio-demography is one of the contributing factors to the
severity of anemia, as 73.33% (n = 66) were residing in rural
areas (from the overall population) and among the rural
population, 86.36% (n = 57) were anemic. Therefore, it can
be said that socio-demographic background plays a vital role
in the severity of anemia (Figure 3). Our findings also support
the study of Sharma et al., (2024), who reported a similar
prevalence of anemia among reproductive-age women in
rural areas of Uttar Pradesh.*?

Parent’s proper education plays a key role in the reduction
of anemic individuals across the family members.***
Several studies constantly found that the rate of anemia
prevalenceisinversely proportional to the higher educational
qualification.*® In this study, a minute change has been
noticed in the case of parents’ education with the prevalence
of anemia, i.e., the development of anemia is very slightly
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= Higher Secondary
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Figure 4: (a) The stacked bar graph represents the educational qualification of parents among the groups. The results are expressed in
percentage values. (b) The scatter plot of educational qualification of parents against hemoglobin concentration
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Figure 5: (a) The stacked bar graph represents the monthly family income among the groups. The results are expressed in percentage values. (b)
The scatter plot of monthly family income against hemoglobin concentration

decreased with the upgradation of parent’s educational
qualification (Figure 4).

Gross family income contributes conclusively to the
occurrence of anemia. The poorest sectors are more likely to
suffer from anemia than those from the wealthiest sectors on
account of inadequate access to nutritious food, struggle to
afford a balanced diet, and sometimes have to reduce or skip
meals.>***’ Economically backward people have a limited
understanding of foods rich in vitamins and minerals and
their access to healthcare is inadequate.?*® As the economic
state improves, the prevalence of anemia decreases (Figures
5a and b). Notably, 42.4% of the anemic population in
rural areas earn 10,000 or less per month, highlighting a
significant economic disproportion contributing to health
issues. Moreover, women from lower economic backgrounds
may face a lack of basic hygiene resources, like clean water
and sanitation, enhancing the risk of infectious diseases that
can accelerate the risk of anemia.?*

The emphasized area for the prevalence of anemia is women'’s
diet and deficiency of micronutrients in their diet specifically
iron.* The absorption of iron involves heme iron and non-
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heme iron. Heme iron mostly comes from animal sources
and non-heme iron mostly comes from plant sources and
supplements.>® Heme iron present in beef, poultry, meats,
fish, prawn, and seafood is more readily absorbed in our body
and has a greater bioavailability than non-heme iron which is
primarily sourced from plant-based foods like cereals, pulses,
vegetables, beans, resins, nuts, dark chocolate, cherries,
legumes, spinach and fortified grains.>'>? In this study,
the daily consumption of iron-containing foods decreases
the development of anemia (Figure 6). In the rural anemic
population, the daily iron consumption is slightly lower (10.67
mg/day) than in the urban population (13.05 mg/day). Most of
the nutrients are possibly lost during the extensive cooking
in typical Indian cuisine.”'>3

In the case of anthropometric parameters’ relation with
the occurrence of anemia, some researchers showed no
association between anemia and the anthropometric
indicators by surveying 168 school-going children (6-12
years).>* A group of researchers established that there
is no relation between anthropometric parameters and
hematological parameters, specifically hemoglobin by
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Figure 6: (a) The bar diagram represents the consumption of iron from foods (plant and animal sources) per day among the groups. The results
are expressed in mean + SEM values. (b) The scatter plot of the consumption of iron from foods against the hemoglobin concentration
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Figure 7: Heatmap of Pearson correlation coefficient matrix with different physical and anthropometric parameters among different groups with
their r values (95% Cl)

Table 1: Values of recorded parameters with their descriptive statistics

Variables Mean + SD Median (Range)
Hemoglobin (gm/dl) 9.24 £2.06 8.92 (6.01-13.74)
Body height (m) 1.56 £ 0.05 1.55(1.46-1.74)
Body weight (kg) 51.38+926  52(83-34)

Body mass index (kg/m?) 20.94+£3.79 20.69 (14.58-34.32)
Heart rate (beats/min) 88.26 £ 11.04 88 (62-122)
systolic blood pressure 11293555 112 (102-130)
(mmHg)

Diastolic blood pressure 75.26 + 4.45 76 (60-88)
(mmHg)

Respiratory rate (breaths/ 28.11 +7.30 28 (16-48)

min)

Peak expiratory flow rate
(I/min)

Mid-upper arm

346.77 £61.50 350 (160-470)

circumference (cm) 25.68 +3.35 25.4(20.0-39.4)
Waist circumference (cm) 78.84 £ 10.06 80.4 (53.4-104.0)
Hip circumference (cm) 94.26 +9.29 94.7 (71.0-121.2)
Waist-hip ratio 0.83 +£0.05 0.83 (0.69-1.0)
Conicity index 1.25+0.07 1.26 (1.03-1.42)
Abdominal volume index 12.82+3.14 13.04 (6.02-21.83)

conducting a study on 81 subjects (including both men
and women), 18 to 22 years.>® A study was conducted with
126 pregnant women and they did not find any significant
correlation of PEFR with the incidence of anemia.>® Being
overweight and obese does not interlink with the prevalence
of anemia, but underweight women are more likely to be
anemic, as stated by a group of researchers in Bangladesh,
surveyed 5680 reproductive-age women.>” Our study
also supports this factor that there is no such significant
correlation observed between anthropometric and physical

Indian Journal of Physiology and Allied Sciences, Volume 77 Issue 1 (2025)

parameters with the severity of anemia. Moreover, these
anthropometric and physical variables, such as height,
weight, BMI, conicity index, abdominal volume index, WC, HC,
WHR, MUAC, heart rate, systolic & diastolic blood pressure,
respiratory rate, and PEFR do not affect in the development
of anemia in this cohort.

This study concludes that the prevalence of anemia is
higher in college-going reproductive-age women residing
in rural areas due to their poor socio-economic status,
food intake pattern, and poor lifestyle. Economic instability
restricts the ability to purchase nutritious foods, and low
parental education levels contribute to a lack of awareness
about balanced diets. Dietary habits influenced by
economic constraints and cultural practices result in limited
consumption of iron-rich and micronutrient-containing
foods, leading to iron deficiency and anemia. Additionally, the
rural setting limits the availability of diverse and quality food
substances, contributing to the rising prevalence of anemia
in this study area. In the future, this comprehensive study on
the prevalence of anemia will act as a model and pave the
way for further advanced research on this population.

The prevalence of anemia may be managed by lifestyle,
parent education with proper diet. If the contributing factors
of anemia are addressed in the early stage, then by improving
the lifestyle pattern and living a healthy life, the prevalence
can be reduced. The association of these confounding factors
with anemia and other comorbidities will be explored in
the near future. This study was conducted on a limited
population and comprised only college-going non-pregnant
reproductive-age women. The level of micronutrients (iron,
folate, vitamin B,,) was not assessed at the hematological
level to find out the original cause of anemia. To draw the
significant relation between the contributing factors and the
development of anemia, we need to proceed with the study
in a large population.

M



Prevalence of anemia among college going women

ACKNOWLEDGMENT

We are thankful to the Berhampore Girls’ College "Research
Grant" (BGCRG/02/21-22) for the financial assistance.
The authors sincerely acknowledge the contribution of
the participants, faculty members, laboratory staff, and
management for their support of this study.

REFERENCES

1.

10.

1.

12.

13.

14.

42

Prevalence of anemiain reproductive age women, WHO, 2022.
Available at: https://www.who.int/data/gho/data/indicators/
indicator-details/GHO/prevalence-of-anaemia-in-women-of-
reproductive-age. (Accessed on 16.11.2024).

Let S, Tiwari S, Singh A, Chakrabarty M. Prevalence and
determinants of anaemia among women of reproductive age
in Aspirational Districts of India: an analysis of NFHS 4 and
NFHS 5 data. BMC Public Health. 2024;24(1):437. DOI: 10.1186/
$12889-024-17789-3.

Hackl L, Itzkowitz L, Koso-Thomas M, et al. Approaches to
address the anemia Challenge. J Nutr. 2023;153;542-S59. DOI:
10.1016/j.tjnut.2023.07.017.

Mathur B, Bhaskar S. Swasth Report of West Bengal: Anaemia
in women and children needs attention. Banega Swasth India.
2020. Available at: https://swachhindia.ndtv.com/swasth-
reportof-west-bengal-anaemia-in-women-and-children-
needs-attention-4087. (Accessed on 16.11.2024).

Loechl CU, Datta-Mitra A, Fenlason L, et al. Approaches to
address the anemia challenge. J Nutr. 2023;153:542-59. DOI:
10.1016/j.tjnut.2023.07.017.

Arlappa N, Balakrishna N, Laxmaiah A, Brahmam GN.
Prevalence of anaemia among rural pre-school children of
West Bengal, India. Ann Hum Biol. 2010; 37(2):231-42. DOI:
10.3109/03014460902991979.

Pande R. 2014. Why anaemia is more prevalent in women. The
New Times. Available at: https://www.newtimes.co.rw/section/
read/182873. (Accessed on 16.11.2024).

Varma A, Vagha J, Agrawal A, Meshram R, Damke S, Thakur S.
Sociodemographic determinants in prevalence of anemia in
adolescents of rural area of Maharashtra. Journal of Datta Meghe
Institute of Medical Sciences University. 2020;15(2):209-14. DOI:
10.4103/jdmimsu.jdmimsu_179_20.

Goswmai S, Das KK. Socio-economic and demographic
determinants of childhood anemia. Jornal de Pediatria (Versdo
em Portugués). 2015;91(5):471-7.DOI: 10.1016/j.jpedp.2015.07.008.
Singh G, Singh K. Prevalence of anaemia in urban college going
girl students. Biomed Res (India). 2017:28(3):1040-2. Available
at: https://www.alliedacademies.org/articles/prevalence-of-
anaemia-in-urban-college-going-girl-students.html. (Accessed
on 16.11.2024).

CensusIndia, 2011. Available at: https://www.census2011.co.in/
data/town/801662-berhampore-west-bengal.html. (Accessed
on 16.11.2024).

Mukhopadhyay D, Saha K, Sengupta M, Mitra S, Datta C, Mitra
PK. Spectrum of hemoglobinopathies in West Bengal, India:
a CE-HPLC study on 10407 subjects. Indian J Hematol Blood
Transfusion. 2015;31:98-103. DOI: 10.1007/512288-014-0373-5.
Santra A, Bandyopadhyay A, Sengupta A, Mondal S. Pulmonary
inflammatory pseudotumor with jaundice and anemia: A
case report. Lung India. 2017;34(2):210-2. DOI: 10.4103/0970-
2113.201294.

Sarojamma C, Subiksha RA. Clinicopathological study of anemia

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Indian Journal of Physiology and Allied Sciences, Volume 77 Issue 1 (2025)

during pregnancy. IntJRepro Contracep Obs Gyn. 2020;9(4):1545-
9. Available at https://www.ijrcog.org/index.php/ijrcog/article/
view/8162.

Bohlius J, Weingart O, Trelle S, Engert A. Cancer-related
anemia and recombinant human erythropoietin—an updated
overview. Nat Clin Prac Oncol. 2006;3(3):152-64. DOI: 10.1038/
ncponc0451.

Ghosh J, Pal B. Health and nutritional status of women in
different regions of West Bengal, India: A comparative study
between NFHS-4 and NFHS-5. Sch J App Med Sci. 2022;12:2189-
200. DOI: 10.36347/sjams.2022.v10i12.024.

Singh N, Nguyen PH, Jangid M, etal.2022. District Nutrition Profile:
Murshidabad, West Bengal. New Delhi, India: International Food
Policy Research Institute. Available at: https://www.niti.gov.in/
sites/default/files/2022-07/Murshidabad-West%20Bengal.pdf.
(Accessed on 16.11.2024).

Lohman TG, Roche AF, Martorell R. Anthropometric
standardization reference manual, Human Kinetics Books,
Champaign, IL. 1988. ISBN: 0873221214; 9780873221214.

Li F, Wilkens LR, Novotny R, et al. Anthropometric measurement
standardization in the US-affiliated pacific: Report from
the Children’s Healthy Living Program. Am J Hum Biol.
2016;28(3):364-71. DOI: 10.1002/ajhb.22796.

Park K. Nutrition and Health. Park’s Textbook of Preventive
and Social Medicine. 24th ed. Jabalpur, India: Banarasi Das and
Bhanot Publishers. 2017: 646-704. ISBN: 978-93-82219-12-5.
Madeshiya AK, Singh S, Dwivedi S, Krishna A, Verma DK. Body
mass index, waist circumference and hip circumference are
independent predictors of obesity. Indian J Physiol Pharmacol.
2017;61(2):88-92. Available at: https://www.ijpp.com/IJPP%20
archives/2017_61_2/88-92.pdf. (Accessed on 16.11.2024).
UNICEF. Mid-upper arm circumference (MUAC) measuring
tapes. UNICEF Technical bulletin. 2009;13(2). Available at:
https://www.unicef.org/supply/media/1421/file/mid-upper-
arm-circumference-measuring-tapes-technical-bulletin.pdf.
(Accessed on 16.11.2024).

Tang AM, Chung M, Dong KR, et al. Determining a global
mid-upper arm circumference cut-off to assess underweight
in adults (men and non-pregnant women). Public Health Nutr.
2020;23(17):3104-13. DOI: 10.1017/51368980020000397.

Flora MS, Mascie-Taylor CG, Rahman M. Conicity index of
adult Bangladeshi population and their socio-demographic
characteristics. Ibrahim Medical College Journal. 2009;3(1):1-8.
DOI: 10.3329/imcj.v3i1.2910.

Shenoy U. Influence of central obesity assessed by conicity index
on lung age in young adults. J Clinic Diag Res. 2017;11(4):CC09-
CC12.DOI: 10.7860/JCDR/2017/23428.9718.

Guerrero-Romero F, Rodriguez-Moran M. Abdominal volume
index. An anthropometry-based index for estimation of obesity
is strongly related to impaired glucose tolerance and type 2
diabetes mellitus. Arch Med Res. 2003;34(5):428-43. DOI: 10.1016/
S0188-4409(03)00073-0.

Perona JS, Schmidt Rio-Valle J, Ramirez-Vélez R, Correa-
Rodriguez M, Fernandez-Aparicio A, Gonzalez-Jiménez E. Waist
circumference and abdominal volume index are the strongest
anthropometric discriminators of metabolic syndrome in
Spanish adolescents. Eur J Clin Investig. 2019;49(3):e13060. DOI:
10.1111/eci.13060.

Rehman S, Hashmi MF, Nelson VL. Blood pressure measurement.
StatPearls Publishing. 2018. PMID: 29489154.

Muntner P, Shimbo D, Carey RM, Charleston JB, Gaillard T, Misra



Prevalence of anemia among college going women

30.

31.

32.

33.

34,

35.

36.

37.

38.

30.

40.

41.

42.

43.

S, et al. Measurement of blood pressure in humans: a scientific
statement from the American Heart Association. Hypertension.
2019;73(5):e35-66. DOI: 10.1161/HYP.000000000000008.
Pickering D. How to measure the pulse. Community Eye Health.
2013;26(82):37. PMID: 24023407

Mathis A. Accurate pulse assessment by radial artery palpation:
A pilot study. 2023. Available at: https://digitalcommons.iwu.
edu/nursing_honproj/56.

Sapra A, Malik A, Bhandari P. Vital sign assessment. StatPearls
Publishing, 2020. PMID: 31985994.

Chinnaiyan S, Ramayyan V. Comparison of Peak Expiratory Flow
Rates (PEFR) between obese and non-obese Females. J Pre-Clin
Clin Res. 2021;15(3). DOI: 10.26444/jpccr/139199.

Saraswathi |, Christy A, Saravanan A, Prema S. Correlation of
obesity indices with peak expiratory flow rate in males and
females. IOSR Journal of Pharmacy. 2014;4(2):21-7. Available at
http://www.iosrphr.org/papers/v4i02/Version-2/D0422021027.
pdf

Drabkin DL, Austin JH. Spectrophotometric studies: Il.
Preparations from washed blood cells; nitric oxide hemoglobin
and sulfhemoglobin.JBiol Chem. 1935;112(1):51-65. DOI: 10.1016/
50021-9258(18)74965-X.

Balasubramaniam P, Malathi A, Viswanathan C. A simple
technique for hemoglobin estimation to screen for anaemia.
Indian J Physiol Pharmacol. 1992;36(3);213-214. Available at:
https://ijpp.com/1JPP%20archives/1992_36_3/213-214.pdf.
World Health Organization. Anaemia. 2023. Available at: https://
www.who.int/news-room/fact-sheets/detail/anaemia.
ANAEMIA MUKT BHARAT/ 4t February, 2022. Available at:
https://pib.gov.in/PressReleasePage.aspx?PRID=1795421.
(Accessed on 16.11.2024).

Varma A, Vagha J, Agrawal A, Meshram R, Damke S, Thakur S.
Sociodemographic determinants in prevalence of anemia in
adolescents of rural area of Maharashtra. Journal of Datta Meghe
Institute of Medical Sciences University. 2020;15(2):209-214. DOI:
10.4103/jdmimsu.jdmimsu_179_20.

Rincon-Pabén D, Urazén-Hernédndez Y, Gonzalez-Santamaria J.
Prevalence and sociodemographic factors associated with iron
deficiency anemia in pregnant women of Colombia (secondary
analysis of the ENSIN 2010). Nutricion Hospitalaria. 2019; 36(1):87-
95. DOI: 10.20960/nh.1895.

Ghosh P, Dasgupta A, Paul B, Roy S, Biswas A, Yadav A. A cross-
sectional study on prevalence and determinants of anemia
among women of reproductive age in a rural community of
West Bengal.J Family Med Primary Care. 2020;9(11):5547-53. DOI:
10.4103/jfmpc.jfmpc_1209_20.

Garanet F, Sampabe G, Tinta AA. Persistence of a high
prevalence of anemia in rural areas among pregnant women
in Burkina Faso. A cross-sectional study. J Public Health Africa.
2024;14(12):2734. DOI: 10.4081/jphia.2024.2734.

Sharma J, Devanathan S, Sengupta A, Rajeshwari PN. Assessing
the prevalence of iron deficiency anemia and risk factors among
children and women: A case study of rural Uttar Pradesh.

PEER-REVIEWED CERTIFICATION

During the review of this manuscript, a double-blind peer-review policy has been followed. The author(s) of this manuscript
received review comments from a minimum of two peer-reviewers. Author(s) submitted revised manuscript as per the
comments of the assigned reviewers. On the basis of revision(s) done by the author(s) and compliance to the Reviewers'
comments on the manuscript, Editor(s) has approved the revised manuscript for final publication.

Indian Journal of Physiology and Allied Sciences, Volume 77 Issue 1 (2025)

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Clin Epidemiol Global Health. 2024;26:101545. DOI: 10.1016/j.
cegh.2024.101545.

Onyeneho NG, Ozumba BC, Subramanian SV. Determinants of
childhood anemiain India. Sci Rep. 2019;9(1):16540. DOI: 10.1038/
s41598-019-52793-3.

Kumar P, Chauhan S, Patel R, Srivastava S. Anaemia among
mother-father-child pairs in India: examining co-existence
of triple burden of anaemia in a family. BMC Public Health.
2021;21:1-8. DOI: 10.1186/512889-021-11408-1.

Dean WR, Sharkey JR. Rural and urban differences in the
associations between characteristics of the community food
environment and fruit and vegetable intake. J Nutr Educ Behav.
2011;43(6):426-33. DOI: 10.1016/j.jneb.2010.07.001.

Hossain M, Islam Z, Sultana S, Rahman AS, Hotz C, Haque A, et al.
Effectiveness of workplace nutrition programs on anemia status
among female readymade. Nutrients. 2019;11(6):1259:1-23. DOI:
10.3390/nu11061259.

Chakrabarty M, Singh A, Singh S, Chowdhury S. Is the burden
of anaemia among Indian adolescent women increasing?
Evidence from Indian demographic and health surveys (2015-
21). PLOS Glob Public Heal. 2023;3(9):e0002117. DOI: 10.1371/
journal.pgph.0002117.

Kumar SB, Arnipalli SR, Mehta P, Carrau S, Ziouzenkova
O. Iron deficiency anemia: efficacy and limitations of
nutritional and comprehensive mitigation strategies. Nutrients.
2022;14(14):2976. DOI: 10.3390/nu14142976.

Firdose K, Firdose N. Dietary iron. In Iron Metabolism-A
Double-Edged Sword. IntechOpen; 2022. DOI: 10.5772/
intechopen.101265.

Moustarah F, Daley SF. Dietary iron. StatPearls Publishing. 2022.
PMID: 31082013.

Taneja DK, Rai SK, Yadav K. Evaluation of promotion of iron-rich
foods for the prevention of nutritional anemia in India. Indian J
Public Health. 2020;64(3):236-241. DOI: 10.4103/ijph.lJPH_65_20.
Thankachan P, Muthayya S, Walczyk T, Kurpad AV, Hurrell RF. An
analysis of the etiology of anemia and iron deficiency in young
women of low socioeconomic status in Bangalore, India. Food
NutrBull.2007;28(3):328-336.DO0I: 10.1177/156482650702800309.
Sichieri R, Mathias T, Moura AS. Stunting, high weight-for-
height, anemia and dietary intake among Brazilian students
from a rural community. Nutr Res. 1996;16(2):201-9. DOI:
10.1016/0271-5317(96)00004-8.

Arifuddin MS, Hazari MA. Does anthropometric measurements
correlate with hematological parameters after the adolescent
growth period?. Physiol Pharmacol. 2016;20(3):137-46. Available
at: https://ppj.phypha.ir/article-1-1166-en.html.

Biswas D, Kulsange S. Effect of normal pregnancy on pulmonary
function tests in a rural setting. Int J Physiol. 2013;1(2):27. DOI:
10.5958/j.2320-608X.1.2.006.

Kamruzzaman M. Is BMI associated with anemia and
hemoglobin level of women and children in Bangladesh:
A study with multiple statistical approaches. PloS one.
2021;16(10):€0259116. DOI: 10.1371/journal.pone.0259116.

43



