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Abstract
Anemia is a nutritional problem worldwide and its prevalence is higher in developing countries when it compared to the 

developed countries. The prevalence of anemia in the developing countries tends to be three or four times higher than in the 
developed countries. Nutritional anemia affects all age and sex group in India. Adolescents or early childhood is one of the most 
vulnerable periods to anemia in human life when nutritional requirements are high due to growth spurt. With this back ground, 
the objective of the present study was to assess the correlation of low BMI with the hemoglobin level among the adolescent 
Sunni Muslims of Lucknow city, Uttar Pradesh, India. This cross-sectional study was conducted among the 159 school going 
Sunni Muslims adolescents aged between 12 to 18 years. There was no significant sex differences on BMI. Whereas, in case 
of hemoglobin levels the differences based on sex was statistically significant (t=2.786; p < 0.05). There was a strong positive 
correlation between BMI and Hb in overall studied population (r=0.236; p<0.005). Considering the various categories of BMI, 
there were statistically significant correlation between severely thinness and thin individuals with hemoglobin levels but not in 
case of overweight and normal adolescent participants. 
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Introduction
Nutritional anemia refers to the condition in which the he-

moglobin content of the blood is lower than the normal level as a 
result of a deficiency of one or more essential nutrients, regardless 
of the cause of such deficiency [1]. In present day, anemia is one 
of the nutritional problems universally and in developing coun-
tries its prevalence is higher when it compared to the developed 
countries [2, 3]. Young children and pregnant women are mostly 
affected with an estimated global prevalence of 43% and 51% re-
spectively [4].

The prevalence of anemia in the developing countries tends 
to be three or four times higher than in the developed countries 
[5]. Definition of adolescents by WHO is as the period of life span 

between the ages of 10-19 years [6]. It is the growing period of life 
when most of the physical, psychological and behavioral changes 
occur. It is the most vulnerable period in the life cycles of hu-
man being for developing nutritional anemia [7]. It not only affects 
one’s growth and development and resistance to infections and is 
associated with mortality among children younger than two years 
old. And it also affects the mental and motor development of one, 
leading to decrease one’s working capacity, impaired cognitive 
performance and lower IQ level which in turn affect the develop-
ment of a country. 

Anemia not only affects the cognitive and scholastic perfor-
mance of adolescents but it also affects to high maternal morbidity 
and mortality [8]. The most affected population groups are infants 
aged between four to twenty four months old, school going chil-
dren, female adolescents, pregnant women and nursing mothers 
[9].
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Nutritional anemia affects all age and sex group in India. 
According to a survey conducted by NFHS, the prevalence of 
anemia in young girls between 15-22 years is 56% with higher 
rates in rural than in urban area [10]. Report published by UNICEF 
very recently that an estimated 56% of adolescents’ girls in India 
are anemic and this amount on an average of 64 million girls at 
any point of time [11]. Nutritional anemia is prevalent all over the 
world with an estimated two billion people being iron deficient 
and is one of the most common nutritional disorders in develop-
ing countries. With an average prevalence of 40% among general 
population which is affect nearly about two third of the pregnant 
and one third of non-pregnant women which is three to four times 
higher in developing countries, where the prevalence of anemia is 
4% to 12% women of childbearing age [4]. Habitual diets contain 
adequate amounts of iron only a small amount is absorbed(less 
than 5%). This poor bioavailability is considered to be a major rea-
son for the widespread iron deficiency. Women lose a considerable 
amount of iron during their menstruation. Anemia in adolescents’ 
girls will highly attribute to the incidence of babies with low birth 
weight with increased prenatal mortality and fetal wastage. Most 
commonly, people with anemia report feelings of weakness or fa-
tigue or sometimes poor concentration [12].

Various socio-demographic characteristics like age, sex, so-
cial class, dietary habits, and infections are the etiological factors 
for nutritional anemia. Adolescents or early childhood is one of 
the most vulnerable periods to anemia in human life when nutri-
tional requirements are high due to growth spurt. In India recent 
data from district nutrition project in 16 districts and 11 states on 
prevalence of anemia in non-pregnant adolescents showed rate at 
as high as 90.1% with severe anemia in 7.1 % [13]. 

Lucknow is being called sister city of Delhi NCR. It is the 
second largest city after Kanpur in Uttar Pradesh. Lucknow is 
ranked 6th among all the cities in India for faster job creation be-
cause of large number of industries and an emerging hub for goods 
and services. Many people from different parts of the country come 
to seek employment and for business purpose also. These have led 
to formation of slums in many out layer parts of the city.

Objectives

Correlation between hemoglobin and BMI has not been 
ascertained by no scholars previously, among Sunni Muslims of 
Lucknow city. With this back ground, the objective of the present 
study was to assess the correlation of low BMI with the hemoglo-
bin level among the adolescent Sunni Muslims of Lucknow city, 
Uttar Pradesh, India.  

Materials and Methods

Study area: This cross-sectional study was conducted in the 
two sub urbans areas of Lucknow city named Aurangabad Jagir 
and Chillawava. The samples were taken from the two schools 

named SuryabalaVidyalaya and M.C.D Public School, located 10 
km. away from the Lucknow City.
Sample Size: This cross-sectional study was conducted among the 
159 school going Sunni Muslims adolescents aged between 12 to 
18 years residing at Aurangabad Jagir and chillawava(sub urban 
areas), adjacent to the Lucknow City. 
Selection Criteria

	 Inclusion criteria	

The samples were drawn with the help of school register •	
copy. 
Muslims adolescents subjects were chosen aged between 12 •	
to 18 years.
Exclusion criteria	

To maintain the ethnicity, no Hindu subjects were taken as •	
samples (Table 1).

Age Male (%) Female (%) Total (%)
12 20 (12.6) 18 (11.3) 38 (23.9)
13 14 (8.8) 10 (6.3) 24 (15.1)
14 14 (8.8) 5 (3.1) 19 (11.9)
15 12 (7.5) 4 (2.5) 16 (10.1)
16 10 (6.3) 5 (3.1) 15 (9.4)
17 9 (5.7) 7 (4.4) 16 (10.1)
18 24 (15.1) 7 (4.4) 31 (19.5)

 To-
tal 103 (64.8) 56 (35.2) 159 (100.0)

Table 1: Age and Sex wise Distribution of participants.

Variables: Anthropometric variables like Height, weight were 
measured following standard method [14] and hemoglobin level 
was measured from the students by using Sahil’s hemoglobin me-
ter. 

Ethical consideration: Before taking the measurements consent 
was taken from the school authorities and also from the parents of 
the students. 

Age groups Haemoglobin Concentration(g/dL)
12-14years <12.0

>15 years males <13.0
>15 years females <12.0

Adopted from FAO, WHO, World Declaration and Plan 
of Action for Nutrition, International Conference on Nutrition, 
Rome, Food and Agriculture Organization of the United Nations, 
December1992 and WHO, UNICEF, UNU, Iron deficiency ane-
mia: assessment, prevention and control, a guide for programme 
managers, Geneva, World Health Organization, 2001 [15,4].

Statistical Analysis: The data analysis was carried out us-
ing Statistical Package for Social Science. Data was expressed as 
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mean, standard deviation, standard error and percentage also. Dif-
ferences between groups were evaluated using independent sample 
t-test; the relationship between Hemoglobin (Hb) concentration 
and BMI was examined by calculating the Pearson’s correlation 
coefficient (r) at the 95% CI. To test the Statistical significance of 
the difference in mean values between two sex groups, here we 
applied independent t – test.

Table 2 shows that 59.1% of the total data set, were suffering 
from anemia while 40.9% participants were non-anemic. Within 
59.1% anemic people, 37.1% boys and 22.01% girls were anemic. 
34.6% were individuals were anemic and at the same time they 
were severely thin. 31.4% individuals of the total data set were 
thin, within that 15.1% were anemic and 16.4% were non anemic. 
11.9% individuals were normal, 3.8% were anemic and 8.2% were 
non anemic. 6.9% individuals were overweight and among them 
5.0% were anemic. And we found, very less number of individu-
als, who were obese. 

BMI Grades Anemia 
present (%)

Anemia absent 
(%) Total (%)

SEVERE THIN-
NESS 55 (34.6) 21(13.2) 47.8

THINNESS 24 (15.1) 26(16.4) 31.4

NORMAL 6 (3.8) 13(8.2) 11.9

OVER WEIGHT 8 (5.0) 3(1.9) 6.9

OBESE 1 (0.6) 2(1.2) 1.9

Total (%) 94 (59.1) 65 (40.9) 100

Table 2: Distribution of Anemic and Non-anemic Individuals in 
Different BMI Grades.

Table 3 shows the mean and standard deviation of hemo-
globin level in different BMI grades. This study showed mean he-
moglobin concentration was increasing as BMI indices increases 
except overweight.

BMI Indices Hemoglobin
  Mean (SD)

Severely Thin 11.59 (1.28)
Thinness 12.05 (1.60)
Normal 12.07 (1.49)

Overweight 11.47 (1.58)
Obese 13.50 (1.57)

Table 3: Mean and standard deviation of Hemoglobin level in Dif-
ferent BMI Grades.

Table 4 shows the mean and standard deviation of age, height, 
weight, BMI and hemoglobin among boys and girls. Mean age for 
boys and girls were 14.9 (2.2) yrs and 14.3 (2.2) yrs respectively. 
Mean height in boys was 157.8 (12.1) cm and in girls was 148.3 
(7.2) cm. Mean weight in boys were high, 43.9 (11.3) kg than girls 
was 38.3 (7.7) kg. Mean BMI in boys was 17.4 (3.1) and in case of 
girls it was 17.7 (3.2). In boys the mean Hb level was 12.2 (1.6) g/
dl and in girls it was 11.4(1.1) g/dl.

    Age (yrs) Height   (cm) Weight  (kg) BMI Hb  (g/dL)

Boys
Mean 14.9 157.8 43.9 17.4 12.2

N 103 103 103 103 103
Std. Deviation 2.24 12.06 11.28 3.1 1.6

Girls
Mean 14.3 148.3 38.3 17.7 11.4

N 56 56 56 56 56
Std. Deviation 2.23 7.2 7.72 3.2 1.1

Overall 
Mean 14.7 154.5 42.2 17.5 11.8

N 159 159 159 159 159
Std. Deviation 2.25 11.52 10.42 3.13 1.46

 Table 4: Mean and Standard Deviation of Different Variables among Boys and Girls.

Table 5 shows the sexual dimorphism for BMI and Hb levels. The Mean (SD) of BMI among boys was 17.4 (3.1) and among girls 
it was 17.7 (3.2). There was no significant sex difference on BMI. On the other hand, the Mean (SD) of hemoglobin levels among boys 
was 12.1 (1.6) and among girls it was 11.4 (1.1). Here, the differences based on sex was statistically significant (t=2.786; p < 0.05).  
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Variables Gender N Mean        t(SD)

BMI
Boys 103 17.4  

-3.1 0.494

Girls 56 17.7  
-3.2  

Hemoglobin
Boys 103 12.2  

-1.6    2.786*

Girls 56 11.4  
-1.1  

                           * P < 0.05  

Table 5: Sexual dimorphism for BMI and Hemoglobin levels.

From the Table 6, it is evident that, there was a strong posi-
tive correlation between BMI and Hb in overall samples (r=0.236, 
p<0.005) at 99% CI. We also found statistically significant correla-
tion between hemoglobin and BMI amongst boys but not in girls.

Gender BMI Mean (SD) Hb Mean (SD) r

Boys 17.4 12.2 0.277**
-3.1 -1.6

Girls 17.7 11.4 0.199
-3.2 -1.1

Overall 
samples

17.52 11.8 0.236**
-3.13 -1.5

** p < 0.005)

Table 6: Correlation coefficient between BMI Mean and Hb Mean 
levels.

From Table 7: Considering the BMI categories, there were posi-
tive significant correlation between the severely thin (r=0.258; p 
< 0.05) and thin (r=0.457; p < 0.01) individuals with hemoglobin 
levels. But the overweight was inversely correlated with hemoglo-
bin. We didn’t found any significant correlation between BMI and 
hemoglobin, in case of normal individuals also (Figure 1).

BMI Categories r

Severe thinness 0.258*

Thinness 0.457**

Normal 0.101

Overweight -0.095

*= p < 0.05; ** = p < 0.01

Table 7: Correlation coefficient (r) between BMI categories and 
Hemoglobin levels.

Figure 1: Showing correlation between BMI and Hemoglobin.

Discussion
Nutritional anemia through worldwide, is more concerned 

in the developing countries due to its high rate of prevalence. In 
the present study, we found that 59.1% adolescents were anemic 
within the total data set. Out of 59.1% total anemic people, 37.1% 
boys and 22.0% girls were anemic. The increased prevalence of 
anemia amongst boys and/or males could be the decreased level 
of testosterone which is associated with decrease synthesis of he-
moglobin.

Anemia indicates both poor health and nutrition. There are 
varieties of causes responsible for anemia. One of the most com-
mon causes is iron deficiency. There are various risk factors related 
to iron deficiency anemia include inadequate intake of iron, poor 
absorption etc. Mehta found prevalence of anemia among students 
was 70.83% more prevalent among females (74.47%) than males 
(35.71%) [9]. In another study, the observation of premalatha; 
Pattanaik; Rati and Jawadagi, where they found the prevalence 
at 78.75%, 78.8% and 80% respectively [16-18]. Study by ICMR 
in sixteen districts of eleven states reported a prevalence rate of 
90.1% among the adolescent girls of 11-18 years age groups [13]. 
A very high prevalence of anemia (90.1%) was noted by Kulkarni 
in adolescent girls of an urban slum in Nagpur [19]. 

A study done by Tazeen Khan, and others found that males 
had also higher mean hemoglobin concentration as compared to 
females, the same result have found in our study that the mean 
hemoglobin concentration is higher in boys 12.2 (1.6) compared 
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to the girls 11.4 (1.1) [20]. The study done by Khan et al. also 
shows statistically highly significant positive correlation of BMI 
with hemoglobin [21].

In a study we found that the higher prevalence of anemia 
among the severely thin people 34.59% followed by thin people 
15.09% in overweight 5.03% in normal 3.77% while least among 
obese 0.62%. While Metha found anemia more among prevalent 
among underweight students (63.33%) and overweight (0.83%) 
students had less prevalence of anemia while in normal weight 
student’s prevalence of anemia was 6.67 % [9]. Pandey found 
prevalence of anemia among underweight (60%), normal weight 
(27.5%), and overweight (12.5%) [22]. Gupta found higher preva-
lence of anemia among underweight (91.4%), in normal weight 
(83.6%), and in overweight (73.3%) [23].

Our study showed in table 5, mean hemoglobin concentra-
tion was gradually increasing as the BMI increases, except over-
weight. The same result shown in the previous study. This may be 
attributed to the fact that underweight predisposes to iron deple-
tion and increases the risk of anemia [21,24]. Another study from 
Ethiopia, reported that underweight was a significant predictor of 
anemia in adolescents [25].

Our study also showed BMI is positively correlated with he-
moglobin (r=0.236) at the significance level of 0.05, and which is 
similar to the findings of the previous studies [16,26,27]. These 
previous studies also showed very similar result with present study 
that only male students depicted a significant positive correlation 
but no significant correlation was observed among females [26-
28]. Another study done by Bagni and others [29] contradicts with 
the result of our study where it was shown that, BMI is negatively 
correlated with Hb. 

In our study we found that the BMI of severely thin and thin 
individuals were positively correlated and statistically significant 
at 0.05 and 0.01 levels respectively, with hemoglobin. But the BMI 
of overweight individuals were negatively correlated with hemo-
globin and statistically not significant. Our study is very close to 
the study previously done by Hemamalini, who did work amongst 
the women of Andhra Pradesh and found that there was a inverse 
association between obesity and anemia. The women with over-
weight and obesity are less likely to be anemic compared with the 
normal weight women [30]. In another study conducted by Qin, 
resembles the similar results with the present study, the hemoglo-
bin concentration was highest amongst the obese group compared 
to all other BMI group [31]. 

Conclusion
From the present study it can be concluded that the more 

adolescent boys were affected than girls and Hb levels were in-
creases as the BMI increases. There were not significant correla-
tion between BMI and hemoglobin levels among girls but among 

boys it was were statistically significant at higher level.  

Furthermore, Hb levels and BMI were significantly associ-
ated and within the all BMI indices only severely thin and thin 
individuals were significantly correlated with Hb and individuals 
with overweight were negatively associated with the levels of he-
moglobin but not statistically significant. 

Acknowledgements
All subjects who participated in the study are gratefully ac-

knowledged. Thanks are due to the School authorities and the par-
ents of the participants for their cooperation. 

Conflict of interest

There is no conflict of interest what so ever.

References
National consultation of control of nutritional anemia in India. Depart-1.	
ment of Family Welfare (Maternal Health Division). Ministry of health 
and family welfare. New Delhi: Nirman Bhawan; 1998.

Djokic D, Drakulovic MB, Radojicic Z, Radovic LC, Rakic L, et al. 2.	
(2010) Risk factors associated with anemia among Serbian schoolage 
children 714 years old: Results of the first national health survey. Hip-
pokratia 14: 25260.

Hioui ME, Farsi M, Aboussaleh Y, Ahami AOT,  Achicha A (2010) Prev-3.	
alence of malnutrition and anemia among preschool children in Keni-
tra, Morocco. Nutr Ther Metab 28: 73-76.

WHO, UNICEF, UNU, Iron deficiency anemia: assessment, prevention 4.	
and control, a guide for programme managers, Geneva, World Health 
Organization 2001.

Gillespie S (1998) Major issues in the control of iron deficiency. Micro-5.	
nutrient Initiative/UNICEF, USA.

World Health Organization (1999) Programming for Adolescent Health 6.	
and Development. WHO Technical Report Series No. 886. Geneva: 
World Health Organization 1.

Namita, Ranjan DP (2019) A cross-sectional study of association be-7.	
tween hemoglobin level and body mass index among adolescent age 
group. Natl J Physiol Pharm Pharmacol 9: 746-750.

Arya AK, Lal P, Kumar N, Barman S (2017) Prevalence of Anemia 8.	
among Adolescent Girls in an Urban Slum of Kanpur, Uttar Pradesh. 
Int J Med Sci Public Health 6: 1378-1381.

Mehta K (2015) Prevalence of Nutritional Anemia among College Stu-9.	
dents and its Correlation with Body Mass Index. IJSR 3:1882-1886.

National Family Health Survey (NFHS III) India (2005- 2006)10.	 . 

Guidelines for Control of Iron Deficiency Anaemia 1-311.	 8. 

Gabrilove J (2005) Anemia and the elderly: clinical considerations. 12.	
Best Pract Res Clin Haematol 18:  417-422.

Teoteja GS, Singh P (2002) Micronutrient profile in Indian population 13.	
(Part-I). New Delhi: Indian Council Medical Research 131-140.

https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18286232&AN=51861854&h=7ksteEY7E82oSXlx7RSsIYr8RtiGiIjYO%2fHSFc7Bh1n%2b2uFmFEzqb4Pd0vfluw2pTNvxdSQENJq8gKNZhGapOQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d18286232%26AN%3d51861854
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18286232&AN=51861854&h=7ksteEY7E82oSXlx7RSsIYr8RtiGiIjYO%2fHSFc7Bh1n%2b2uFmFEzqb4Pd0vfluw2pTNvxdSQENJq8gKNZhGapOQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d18286232%26AN%3d51861854
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18286232&AN=51861854&h=7ksteEY7E82oSXlx7RSsIYr8RtiGiIjYO%2fHSFc7Bh1n%2b2uFmFEzqb4Pd0vfluw2pTNvxdSQENJq8gKNZhGapOQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d18286232%26AN%3d51861854
https://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency/WHO_NHD_01.3/en/
https://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency/WHO_NHD_01.3/en/
https://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency/WHO_NHD_01.3/en/
https://idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/12999/108409.pdf?sequence=1
https://idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/12999/108409.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42149/WHO_TRS_886_(p1-p144).pdf;jsessionid=694FD1E72667F2039FDA2DD2564A46B2?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42149/WHO_TRS_886_(p1-p144).pdf;jsessionid=694FD1E72667F2039FDA2DD2564A46B2?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42149/WHO_TRS_886_(p1-p144).pdf;jsessionid=694FD1E72667F2039FDA2DD2564A46B2?sequence=1
https://search.proquest.com/openview/1f18e113406bd229c349f4cb558c40e5/1?pq-origsite=gscholar&cbl=706378
https://search.proquest.com/openview/1f18e113406bd229c349f4cb558c40e5/1?pq-origsite=gscholar&cbl=706378
https://search.proquest.com/openview/1f18e113406bd229c349f4cb558c40e5/1?pq-origsite=gscholar&cbl=706378
https://go.gale.com/ps/anonymous?id=GALE%7CA511109350&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=23204664&p=AONE&sw=w
https://go.gale.com/ps/anonymous?id=GALE%7CA511109350&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=23204664&p=AONE&sw=w
https://go.gale.com/ps/anonymous?id=GALE%7CA511109350&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=23204664&p=AONE&sw=w
https://pdfs.semanticscholar.org/5fdd/cbbf4e8eacf84214ad0ac3843f9a504f5ab8.pdf
https://pdfs.semanticscholar.org/5fdd/cbbf4e8eacf84214ad0ac3843f9a504f5ab8.pdf
https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf
https://www.nhm.gov.in/images/pdf/programmes/child-health/guidelines/Control-of-Iron-Deficiency-Anaemia.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15792915
https://www.ncbi.nlm.nih.gov/pubmed/15792915


Citation: Chakraborty A and Mandal GC (2019) A Cross Sectional Study of Association between Hemoglobin Levels and the BMI Indices among the 
Adolescents Sunni Muslim Population in Lucknow City, India. Asian J Life Sci 1:104. DOI: 10.29011/2577-0241.100004

6 Volume 2; Issue 01

Asian J Life Sci, an open access journal
ISSN: 2577-0241

Lohman TG, Roche AF, Martorell R (1998) Anthropometric Standard-14.	
ization Reference Manual. Chicago: Human Kinetics Books.

FAO, WHO, World Declaration and Plan of Action for Nutrition, Interna-15.	
tional Conference on Nutrition, Rome, Food and Agriculture Organiza-
tion of the United Nations, December1992.

Premalatha T, Valarmathi S, Srijayanth P, Sundar JS,  Kalpana S (2012) 16.	
Prevalence of anemia and its associated factors among adolescent 
school girls in Chennai, Tamil Nadu, India. Epidemiolog 2: 118.

Pattnaik S, Patnaik L, Kumar A,  Sahu T (2013) Prevalence of anemia 17.	
among adolescent girls in a rural area of Odisha and its epidemiologi-
cal correlates. Indian J Mater Child Health 15: 1-11.

Rati S, Jawadagi S (2014) Prevalence of anemia among adolescent 18.	
girls studying in selected schools. Int J Sci Res 3: 1237-1242.

Kulkarni MV, Durge PM, Kasturwar NB (2012) Prevalence of anemia 19.	
among adolescent girls in an urban slum. Natl J Community Med 3: 
108-111.

Khan T, Khan ZA, Kochhar S, Singh B, Goyal GL, et al. (2018) Un-20.	
feasible body mass index and its association with low haemoglobin 
concentration: a correlation study among undergraduate medical stu-
dents. International Journal of Research in Medical Sciences 6: 4002-
4007.

Khan ZA, Khan T, Bhardwaj A, Aziz SJ,  Sharma S (2018) Underweight 21.	
as a risk factor for nutritional anaemia-a cross-sectional study among 
undergraduate students of a medical college of Haryana. Indian J 
Comm Health 30: 63-69.

Pandey S, Singh A (2013) A Cross Sectional Study of Nutritional Anae-22.	
mia among medical Students in a Medical College at Bilaspur Chhat-
tisgarh. National J Medical Res 3: 143-146.

Gupta VK, Maria AK, Kumar R, Bahia JS,  Arora S (2011) To Study the 23.	
Prevalence of Anaemia in Young Males and Females with respect to 
Age, Body Mass Index (BMI), Activity Profile and the Socioeconomic 
Status in Rural Punjab. J Clin Diagnos Res 5: 1020-1026.

Sumarmi S, Puspitasari N, Handajani R, Wirjatmadi B (2016) Under-24.	
weight as a risk factor for iron depletion and iron-deficient erythropoi-
esis among young women in rural areas of East Java, Indonesia. Mal 
J Nutr 22: 219-232.

Tesfaye M, Yemane T, Adisu W, Asres Y, Gedefaw L (2015) Anemia 25.	
and iron deficiency among school adolescents: burden, severity, and 
determinant factors in southwest Ethiopia. Adolesc Health Med Ther 
6: 189-196.

Jamali NH, Jamali AH, Khand AA, Mahesar H, Arain MI (2017) Factors 26.	
affecting the body mass index, haemoglobin and serum ferritin level in 
students. Am J Blood Res 7: 18-28.

Ghadiri-Anari A, Nazemian N, Vahedian-Ardakani HA (2014) Associa-27.	
tion of body mass index with hemoglobin concentration and iron pa-
rameters in Iranian population. ISRN Hematology 525312.

Sharmila P, Kumar RSR (2017) Correlation between Prevalence of 28.	
Anemia and Body Mass Index among Adolescent Girls. IJSR 6: 320-
323.

Bagni UV, Luiz RR, Veiga GV (2013) Overweight is associated with 29.	
low hemoglobin levels in adolescent girls. Obes Res Clin Pract 7(e): 
218-229.

Hemamalini J (2013) Anemia in Relation to Body Mass Index and 30.	
Waist Circumference among Andhra Pradesh Women. J Obes Weight 
Loss Ther 3: 173.

Qin Y, Melse-Boonstra A, Pan X, Yuan B, Dai Y, et al. (2013) Anemia in 31.	
relation to body mass index and waist circumference among Chinese 
women. Nutrition journal 12: 10.

https://www.worldcat.org/title/anthropometric-standardization-reference-manual/oclc/15592588
https://www.worldcat.org/title/anthropometric-standardization-reference-manual/oclc/15592588
http://www.fao.org/3/u9260e/u9260e00.pdf
http://www.fao.org/3/u9260e/u9260e00.pdf
http://www.fao.org/3/u9260e/u9260e00.pdf
https://pdfs.semanticscholar.org/7630/5b73de4e542aad0fbd0e299f99bc5e342411.pdf
https://pdfs.semanticscholar.org/7630/5b73de4e542aad0fbd0e299f99bc5e342411.pdf
https://pdfs.semanticscholar.org/7630/5b73de4e542aad0fbd0e299f99bc5e342411.pdf
https://pdfs.semanticscholar.org/09d3/2d5e238d62412a550f4801d03f2a00d46c6d.pdf
https://pdfs.semanticscholar.org/09d3/2d5e238d62412a550f4801d03f2a00d46c6d.pdf
http://njcmindia.org/uploads/3-1_108-111.pdf
http://njcmindia.org/uploads/3-1_108-111.pdf
http://njcmindia.org/uploads/3-1_108-111.pdf
https://www.msjonline.org/index.php/ijrms/article/view/5588
https://www.msjonline.org/index.php/ijrms/article/view/5588
https://www.msjonline.org/index.php/ijrms/article/view/5588
https://www.msjonline.org/index.php/ijrms/article/view/5588
https://www.msjonline.org/index.php/ijrms/article/view/5588
https://www.iapsmupuk.org/journal/index.php/IJCH/article/view/800
https://www.iapsmupuk.org/journal/index.php/IJCH/article/view/800
https://www.iapsmupuk.org/journal/index.php/IJCH/article/view/800
https://www.iapsmupuk.org/journal/index.php/IJCH/article/view/800
https://www.bibliomed.org/?mno=40527
https://www.bibliomed.org/?mno=40527
https://www.bibliomed.org/?mno=40527
https://www.jcdr.net/articles/pdf/1513/29- 2932.pdf
https://www.jcdr.net/articles/pdf/1513/29- 2932.pdf
https://www.jcdr.net/articles/pdf/1513/29- 2932.pdf
https://www.jcdr.net/articles/pdf/1513/29- 2932.pdf
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1394035X&AN=119172001&h=ryhGVezIwIi6eSAFSWX9EOwC%2b0Tr50NW%2f8wLewdv4mmqAlaTNgvw%2f%2fcfHsbwjSS%2bZt%2bHC4ryRFFlDb%2fu9N9HTQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d1394035X%26AN%3d119172001
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1394035X&AN=119172001&h=ryhGVezIwIi6eSAFSWX9EOwC%2b0Tr50NW%2f8wLewdv4mmqAlaTNgvw%2f%2fcfHsbwjSS%2bZt%2bHC4ryRFFlDb%2fu9N9HTQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d1394035X%26AN%3d119172001
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1394035X&AN=119172001&h=ryhGVezIwIi6eSAFSWX9EOwC%2b0Tr50NW%2f8wLewdv4mmqAlaTNgvw%2f%2fcfHsbwjSS%2bZt%2bHC4ryRFFlDb%2fu9N9HTQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d1394035X%26AN%3d119172001
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1394035X&AN=119172001&h=ryhGVezIwIi6eSAFSWX9EOwC%2b0Tr50NW%2f8wLewdv4mmqAlaTNgvw%2f%2fcfHsbwjSS%2bZt%2bHC4ryRFFlDb%2fu9N9HTQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d1394035X%26AN%3d119172001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4687608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4687608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4687608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4687608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5498820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5498820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5498820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3934448/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3934448/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3934448/
https://www.ncbi.nlm.nih.gov/pubmed/23311667
https://www.ncbi.nlm.nih.gov/pubmed/23311667
https://www.ncbi.nlm.nih.gov/pubmed/23311667

