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CHAPTER~I,: 

INTRODUCTION 



INTRODUCTION 

1.1. INTRODUCTORY NOTES 

Food contains various substances that are required for norm'al grow1h and 

development. These substances ("nutrients") compnse of proteins, carbohydrates, fats, 

vitamins and minerals. The amount of each nutrient required by an individual depends upon 

his/her age and physiological status. Adult ii1dividuals need nutrients for maintaining 

constant bod:,/ weight and ensuring proper body functions. Infants and growing children 

require more nutrients not only for the maintenance of body function but also for their 

grovvth and development A balanced diet and proper nutrition are two very important issues 

in the promotion and maintenance of good health throughout iife. Their role as deterrents 

malnutrition and Nnn-Communicahle Diseases (NCDs) is well established this 

a prominent position in nutritional assessment Nutritional status is now recognized to be a 

prime indicator the u\eral! health of a population or an individuaL The World Health 

Organization ( \Vl-!0) goes on to state that the ultimate objectiw of nutritional assessment is 

the overall imprcnernent of the quality of human health (Beghin e/ u(, 1988). The pre\alence 

of under-nutritiotl is !H)\' a major public health concern in many of the developing countries. 

The assessment of nutritional status thus has a potential role to play in formulating 

developmental nutritional intervention strategies of the concerned populations. Nutritional 

status is reflected in a \ ariety of metabolic processes that provide the basis for the number of 

methods for its assessment 

Hunger and malnutrition remain two of the most important issues facing the majority 

of worlds· poor and under-privileged populations. Nearly 30J)0% of the populations are 

currently suffering ti"om malnutrition. Over 2000 million people world-\" ide are currently 

suffering from iron deficiency. Nem!y 250 million children under 5 years of age sutTer from 

1ron ckficienc\. \\hich remains the single-most cause of childhood under-nutrition. 



Approximately 60% of the 10.9 million deaths each year among children aged less than 5 

years of age in the developing world are associated with malnutrition. Malnourished children 

suffer from longer and more severe illnesses (Black el al., 1984; Sepulveda et al., 1988) and 

have a higher risk of mortality and morbidity (Pelletier, 1994, 1998; Schroeder and Brown, 

1994) as compared to well nourished ones. Malnutrition can also lead to delayed motor 

development (Pollitt et al .. 1994) and lov.,;er cognitive function and school perfor:mance 

(Pollitt, 1990) among children. /\dult individuals who were malnourished as children exhibit 

impaired physical vvork capacity (Haas et aL 1995) and lower reproductive performance 

(WHO. 1995; Martorel et a! .. !996). Malnutrition can also have negative effects on the 

children of the atlected individuals (Ramakrishnan eta!., 1999). 

Nutrition is the single rnost important component of preventive health care in a 

country and indi\ idualnutritional levels are closely related tu health and disease. The nature 

of the diet is associated \\ith diseases such as cancer. heart disease. diabetes. hypertension. 

arteriosclerosis. and liver cirrhosis. An optimum and sufficient nutrition level is the level of 

intake that promotes the highest level of health. 1-!0\'ve\ cr. an excess caloric intake leads to 

obesity. \Vhereas a deficit results in depletion of essential nutrients. These alterations can lead 

to biochemical changes and e\ entually to clinical signs and symptoms. Nutrition 

requirements arc influenced by many factors such as gender. age. physical activity .. 

physiological status. drugs and alcohol intake. The ability of the human individual to respond 

to stresses like high altitude. heat, trauma, surgery. and infection are also strongly associated 

with nutritional status. However. as individuals grapple \Vitb ever-increasing sedentary life 

styles and less physically demanding jobs. the caloric requirements are reduced. This has 

made nutritionally sound food choices rnure difficult. 

It is a \\ell kncmn fact that contemporary India is composed of a sizeable number of 

ethnic and indigcnuus clements hm ing enonnous amounts or ethnic and genetic di\'ersity 



(Beiteille, 1998; Majumder, 1998; Indian Genome Variation Consortium 2008). The country 

has one of the highest burdens of under-nutrition in the world and is beginning to experience 

the emerging problem of overweight and obesity (Visscher and Seidell. 2001; Mendez et al., 

2005; Vas eta!., 2005). Although, a rapid overall development has occurred in India during 

the last two decades in the field of public health (Griffiths and Bentley. 2001), the counti·y 

shovvs disappointing results in the context of nutritional assessment as more than half of the 

world's undernourished population lives here (Krishnaswami. 2000). During the last tvventy 

five years. a large database has been accumulated on the diet and nutritional status of rural 

populations belonging to different states of India. The National Nutrition Monitoring Bureau 

(NNMB) and the National Institute of Nutrition (NlN) have carried out extensive diet and 

nutrition survey.:-; in tvvelve states where the diets vvere found to be inadequate and/or 

deficient in most of the nutrients (Vijayaraghavan and Rao. 1 998). The reasons behind this 

inadequacy and 1or deficiency \\ere attributed to extreme pen erty. low socio-economic statu:; 

(low SES). poor li\ing conditions and inadequate didary intake (Ramachandran. 2007: 

Antom and Laxmaiah. 2008: Mahal and Karan. 2008). Lack of diwrsitv in diets is another 
.; ' •' ~ 

particularly severe problem encountered among the poor populations. \Vhere diets are based 

predominantly cereal based and often included little or no animal products and only seasonal 

fruits and vegetables (Cropalan c/ u/. 20Cn ). It has also been ohserved hy Rao (2001) that the 

nutritional scenario in India is passing through a transitional phase \Vhere the vast majority of· 

the adult populations are suffering hom Chronic Energy Deficiency (CEO) and NCDs such 

as diabetes. hypertension and coronary heart disease. Lower maternal nutritional status. high 

prevalence of !mY birth weight (LB V/). high morbidity and mortality in children are some of 

the other 111ajm nutritional manifestations associated \Yith lower SES among Indian 

populations (Ramachandran. 2007). 
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1.2. DEFINJ.110NS OF 11/E TERJJ1S "NUTR/110N", "UNDER-NUTRITION" AND 

"MALNUTRITION" 

The terms ·nutrition'. 'under-nutrition' and 'malnutrition· have been conceptualized 

and defined in many ways. The Webster's dictionary defines ·nutrition' as "the series of· 

processes by which an organism takes in and assimilates food for promoting growth and 

replacing worn and injuries tissue" (Webster's Ne\l\· Universal Unabridged Dictionary. 1983): 

The term ·undernourished' bas been defined as ""to provide with less than the least amount 

food needed for health and grow1h''. This dictionary also includes the term ·under-nuirition' 

which has been defined as ··detlcient bodily nutrition due to inadequate food intake or faulty 

assimilation''. The 6th World Food Survey Report published by the Food and Agriculture 

Organization (FAO) defines ·under-nutrition· as a state of dietary energy deficiency whereby· 

an indi\'idual is unable to maintain good health (in the sense of being free from avoidable 

rnorbidity. risk for premature mortality and so on) or the desire le\·el of physical activity" 

(FAO. !996). Although this definition considers energy as the primary nutrients of interest. it 

is suggested that the optimal state of'·good health" be considered as a point of reference. The 

\Vebster·s dictionary has also defined ·malnutrition· as ··faulty or inadequate nutrition. 

undernourishment resulting from insutlicient food. improper diet etc'" (Webster's New 

Unive!'sal Unabridged Dictioi1ary. 1983). 

In the literature. the terms ·under-nutrition· and 'nw/nulrilion · hme otkn been used 

interchangeablv. traditionallv in reference to the situation \vhen an individual has an 
~ J ~ 

inadequate intake (or utilization) of protein and energy (or total calories). Presently. these 

terms are still widely used in a generic sense to reter Protein-Energy Malnutrition (PEI\,1) or 

Protein-Caloric Malnutrition (PCM). However. \Vith the gradual recognition of the critical 

role of micronutrients in maintaining good health and sun i\·al. the concepts of under-

nutrition and malnutrition needed to be expanded. 



The term 'micronutrient malnutrition' is now commonly used to describe under

nutrition. It refers to the situation where individuals have an inadequate intake, absorptio~1 or 

utilization of one or more of the micronutrients. In recent years, research projects and 

intervention programmes especially in developing countries have focused on micronutrients 

such as vitamin-A iron. iodine and zinc. Each micronutrient has multiple functions in the 

human body and an inadequate intake, absorption, or utilization of any oJ1e of them mav 

result in a \ ariety of adverse health consequences. Deficiencies in vitamin-A, 1ron 

deficiency. iodine and zinc. along with PEM represent different forms of under-nutrition 

again contribute to the global burden of mortality and morbidity. 

1.3. Till:' NUTR/1101\fA.L TRANSI110N IN INDIA 

In the glohal context. a number of countries are witnessing demographic and 

nutritional transitions. The term 'lwlritionultmnsil ion· is used to depict the shift in disease 

patterns tO\\ards nutrition related NCDs. This shift is associated v\'ith changes in behaviour. 

lifestyle. diet. physical activity. smoking and alcohol consumption (Amuna and Zotor. 2008). 

The rapidity of such nutritional transitions is clearly visible in the emerging developing 

nations of Asia (Kosulwat. 2002; Lipoeto e/ a! .. 2004). There is als9 an evidence of.such a 

rapid nutritional transition amplifying the burden of chronic diseases and obesity in India 

(Shetty. 2002 ). Time trends in childhood obesity has already predicted an escalating burden 

of obesit) related issues in the near future in this country. A number of other countries have 

also reported significant levels of malnutrition and child mortality together vvith rising 

prevalence of obesity and NCDs. This double burden is a result of an interaction between 

various factors where social inequality merits more attention than others. Social inequa!Hy 

has abo emerged as a major factor in diflerential mortality in both the developed and 

developing countries. 
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The background to Indian's nutritional transition can be traced back to tht; rapid 

economic and demographic transformations that had taken place. During the last 30 years, 

there has been a sustained rise in average living standards. The gross domestic product per 

capita rose by 23%. Poverty continued to decline at an annual rate of 0.88% durit:g the 

period from 1983 to 1994 and at a slightly lower rate of 0.77% from 1993 to 1905. Life. 

expectancy has also steadily risen from 54 years to 69 years while the Crude Birth Rate 

(CBR) has fallen fi-om 34 to 22 from 1980 to 2008. Rapid economic growth has been also 

been accompanied by rising urbanization. During the last two decades of the 20111 Century. 

the share of the urban population rose from 23.00% to 28.00%. By the year 2030, it is 

estimated to rise to 41.00%. This momentum in growth has been strongly influenced and 

acce !crated ranging domestic and external liberalization of the Indian economy set 

in the 1990s. A kn feature of this economic transformation has been the change ret1ected in 

the nature of the diet. There .has been a perceptual shift from inferior to nutritionally sound. 

superior foods and a substitution of the traditional staples by primary food products that are 

more prt'\ alent in the western diets. These shifts were subsequently ret1ected in higher 

consumptions of proteins. sugars, fats and vegetables. 

Howe\ ec India still remains one of the poorest countries 111 the vv'orld 'with a 

population of over one billion and a fertilit) rate well above the replacement level (World 

Bank, 2000). \\ ith more than half of the world's undernourished individuals living in this 

country (Krishnaswami. :2000). the improvements in nutritional status of these individuals 

have not been quite impressive (Griffiths and Bentley, 200 1). Measham and Chatte1jee · 

( 1999) suggested that one of the key causes of malnutrition among the individuals in this 

countn \Vas the luck of access to sufficient food and resources. Nutrition research in India 

has mainlv t<xused on the problem of under-nutrition. particularly among women and 

children. i\ study conducted b~ the National Family Health Survey 1998-1999 (Nf;HS-2) 



showed that a significant proportion of Indian women were affected with under-nutrition and 

anaemia. Moreover, the health status of women in this country reflected gender 

discrimination from birth (Sharma. 1995; Mutthy. 1996; Measham and Chatte1jee. 1999), 

along ~vith inadequate distribution of health resources ( Ganatra and Hirve, 1994; Sharma, 

1995: Choi and Lee. 2006: Singh. 2012) and early and frequent reproductive cycling and 

infections (Coyaji. 1991; Sarin. 1992: Ghosh. 1995: Koblinsky. 1995: Rajaram et al .. 1995; 

Brabin et ul .. l CJ98). 

It is no\v an established fact that India is in the midst of rapid socio-econornic. 

demographic. nutritional and health transitions. While the country is yet to overcome 

poverty. under-nutrition and the incidence of communicable diseases. it is 

facing problems related to affluence as a result of industrialization. urbanization 

economtc betterment. Over the last two decades. over-nutrition and obesity have emerged as 

major public health 1ssues. There has also been a progrcssiv~ increase in the prevaler1ce of 

diabetes and cardiO\ ascular diseases especially m the urban areas. Their magnitude varied 

betvveen states. bctv.een urban and rural areas and bet\veen different socio-economic groups. 

The NNfvlB and the India Nutrition Profile (lNP) surveys (NNMB. !979-2002· lNP. !995-

96) observed that the prn alcnce of under-nutrition \vas lov-.er among urban adults than rural 

adults. Prevalence of 0\ er-nutrition was higher i.n the urban areas. \\bile over the last three 

decades there has been a progressive decline in under-nutrition and some increase in over

nutrition in both the urban and rural areas. Data from the NFHS ( 1998-99) showed the 

pre\ alence of under-nutrition in urban areas to be 50% of that in rural areas of India. The 

data also suggested that the prevalence of under-nutrition continued to be higher among 

poorer \\Unlt:n \vhilc O\cr-nutrition and obesity \\ere emerging as major problems among 

\Vealthier women. As a result. it has been opined that the country should gear up for the 



detection and management of this dual burden (Subramanian and Smith, 2006; Subramanian 

et al., 2007). 

The NNMB surveys were the only surveys that provided dat<1 on time trends in intra

family distribution of food and dietary intake and nutritional status of all age groups over the 

last tht:ee decades among different populations. The amount of food consumed was compared 

with the Recommended Dietary Allowance (RDA) as drawn up by the Indian Council of 

Medical Research ([CMR) in 1989 (Gopalan et al., 1993). It was observed that over the last · 

three decades. there has been some decline in cereal consumption in both the urban and rural 

areas. Over the same period there has been a steady decline in the consumption of pulses, 

vvhich remains a major source of protein in Indian diets. The consumption of vegetables and 

fruits continued to be very low. In the rural area~ there were no significant increases in per

capita consUJ11ption of fats. oils. sugar and jaggery. It has been further suggested that the 

dietary intake has not undergone any major shift tO\\ards increases in the consumption of 

processed food and energy intake. 

The country is now facing a dual burden of high communicable and rising NCDs 

(World Bank, 1993). A progressive decline in plwt:rty ratio and a steep increase in per capita 

income have been suggested to be the main reasons. Economic improvement inevitably 

results in improved purchasing pmver and that can lead to increases in energy intake from 

fats, sugar. refined carbohydrates. and reduction in energy intake from complex 

carbohydrates and reduction in dietary fiber. Simultaneously there has been a reduction 111 

physical activitv and perhaps an increase m \Vork-related stress because of changes m 

occupation. The increase in the proportion of body fat as measured b) the body mass index 

(BMI) and the prevalence of abdominal obesity is higher among Indians (Ramachandran, 

2004: Ramachandran et a!.. 2004 ). The prevalence of over-nutrition and abdominal obesity 

are closely associated with increased risk:s of hypertension and diabetes among Indians adults 



(Yagnik, 1998; Gupta el al .. 2003; Gupta 2004; Bhargava et al., 2004; Deshmukh et al. 

2006a; Gupta et al. 2007; Gupta et a!., 2008). A review of the studies suggested a steady 

increase in the number of NCDs in the country and that this increase is most marked in the 

urban areas. 

Nearly one-third of all Indian infants weigh less than 2.5 kg at birth. Incidence of 

LB W appears to be the highest among low-income groups (Prema, 1989). With an increase 

in sun ivability of LBW neonates. there are grcnving concerns about the relationship between 

LB W and poor grovv1h during childhood and adolescence as well as the increased risk of 

chronic degenerative diseases in later life. A sizable number of studies are available from 

India on the prevalence of LBW and its associated factors (Rajanikumari et aL 1986: 

Bhargant e! of.. 1991: Kinare e! 2000: Rao et ol .. 2001; Dwarkanath et of .. 2007). 

The prevalence of anaemia and iron deficiency is vvidespread among Indian 

populations. especially among women and children. Anaemia remains to be major cause of 

maternal mortality accounting for over 20.00% of all maternal deaths. The nationally 

representative data from the NFHS ( 1998-1.999) on anaemia among women described the 

magnitude oftbis problem. More than a third ofalllndian \VOmen had a BMI <18.50 kg/n{ 

thereby rel1ecting CED and micronutrient deficiency. The prevalence of anaemia amm:g 

them was 52% •. \Vhereas 15% of them were classified as moderately anaemic and 2% as 

se\·erely anaemic. A recent study has also suggested that nearly 50% of all young _Indian 

women were anaemic (Thankachan et a! .. 2007 ). The preponderance of malnutrition in terms 

of micronutrient deficiency appears to be the primary factor responsible for the high 

prevalence of anaemia and iron deficiency. It has been reported by Singh (2004) that over 

tv,o-thirds of all Indian children exhibited clinical evidences of iron deficiency and also that 

deficiencies of trace minerals such as iodine and zinc were quite common. As a result. India 
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became the first developing country to take up a National Nutritional Anaemia Prophylaxis 

Programme (NNAP) to prevent anaemia among pregnant women and children. 

1.4. ME11-JODS OF NUTR1110N STATUS ASSESSMENT IN HUMANS 

The nutritional status of an individual is the result of many interrelated factors ~uch as 

his/her physical health (WHO, 1978). The objectives of nutritional assessments are twofold: 

a) To obtained precise information on the prevalence and the geographic 

distribution of under- and over-nutrition status of a given population. 

b) To identify the at -risk group within the population who are in need of 

nutritional assistance. 

The objectives have been aptly revievved by Hetzel ( 1985) who also observed that the 

main thrust of nutritional assessment studies v\as to develop health care facilities that met the 

needs defined by the assessment including evaluation and effectiveness of subs.equent 

programmes. The assessment of nutritional status of an individual or a population involves 

various techniques. Pruper e\aluation demands a multi-dimensional approach. covering all 

the different strategies. Jelliffe (I 966) in his excellent monograph .. The /lssessment of the 

Nurritiunul Srutus of the Community" has proposed six methods f()f the assessment of. 

nutritional status. In generaL the \VHO has classified the available methods of assessing 

nutritional status into two categories: 

a) Direct methods (e.g .. anthropometry and biochemical techniques) 

b) Indirect methods (e.g .. \ita! statistics) 

1.4.1. ANTHROPOJJETRl 

Anthropometry is a n.on-im asi ve and an inexpensive technique that has been widely 

used to assess the size and proportion of the human body. It is a useful technique to assess 

nutritional status and body composition of an individual or a population (Jellifte. 1966: · 

WHO. 1966: llamieda and Billot. 2002). 
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The measurements of height, weight, skinfold thicknesses and arm circumference are , 

valuable indicators of nutritional status. The additional measurements include head 

circumference and chest circumference. The measurements of Mid-Upper Ar'm 

Circumference (MUAC) (James et al., 1994; de Onis eta!., 1997) and Waist Circumference 

(\VC) (WHO, 2000) are also useful in the assessment of under- and over-nHtrition 

respectively. Skinfold measurement such as Biceps Skin Fold (BSF). Triceps Skin Fold 

(TSF), Sub-scapular Skin Fold (SSF) and Supra-iliac Skin Fold (SlSF) are also frequently 

used to estimate subcutaneous adiposity and thus nutritional status ('JI/einer and Lourie. 

1981: Gibson. 1990: Lee and Neiman. 2005). Percent of Body Fat (PBF). upper arm 

composition in terms of Upper Axm l'v1uscle Area (UMA). Upper Arm Fat Area (UF A) and 

TSF-for-age can are also used for the assessment of nutritional status. 

A number of indices are calculated from the anthropometric measurements. The 

common!) used ones are stunting (lmv height-tor-age). underweight (lov. \Vcight-fol'- age). 

wasting (low \\eight-for-height). thinness (low BMi-for-age). MUAC-for-age and iv1UAC-

for-height. These indices are expressed in terms of Z-scores or percentiles. The WHO 

recommends a comparison of these indices with an international reference j10pulation to 

determine under-nutrition (Dibley el a! .. 1987). The justification for use of a reference· 

population is the empirical finding that well-nourished children of all populations follow 

very similar growth patterns (Habicht e/ a/ .. 197c1-). 

The BI\1! is a surrogate anthropometric indicator of overall adiposity (both 

ovenveight and obesitv) and is an established indicator for adult nutritional assessment 
....._ ~ ' ' 

(Weiner and Lourie. 1981: Gibson. 1990: Lee and Nieman. 2005: WHO. 1995). Such 

assessments using BMI is very suitable in the field situations (James eta! .. 1988; Ferro- Luzzi 

et ul .. 1992: Ferro-Luzzi and James. 1996). The use of BML together \vith WC. Waist-Hip 
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Ratio (WHR). Waist-Height Ratio (WHtR). and Conicity Index (CI) have been found to be 

quite useful for the differentiation of overweight and obesity among adult individuals. 

1.4.2. BIOCHEMICAL ASSESSMENT 

The underlying principle of this method is that any changes in the quantity and 

composition of the diet and nutrients are ref1ected by variations in the concentrations of 

nutrients or their associated compounds in different body tissues and fluids along w'ith the 

appearance or disappearance of metabolites. Such estimations of the concentration 

ref1ect the nutritional status of the individuals. The most important laboratory tests include 

haemoglobin estimation and stool and urine tests. With the increasing knowledge of the 

metabolic functions of vitamins and minerals. assessment of nutritional status by 

signs has given wa) to more precise biochemical tests \\hich may be applied to measure 

individual nutrient concentration in i1uids and biomarkers (e.g .. whole blood. serum and head 

hair). The tests can also include the determination of metabolites in urine (e.g" unnary 

iodine) or estimation of enzymes to document malnutrition in the pre-clinical stages. The 

biochemical tests also include estimation of vitamins and essential trace element 

concentrations. 

1.4.3. CHViCAL E~\AJllll'iA l'/0;\ 

The 1963 WHO Expert Committee on Medical Assessment of Nutritional Status 

provided a classification ofthe physical signs that can be utilized for nutritional assessments. 

This classification was subsequently updated in the WHO Monograph Series No. 53 entitled 

"The Assessment of the Sutritionol Status of the ( 'omnnmit)· ·· (Jelliffe. 1966). The WHO 

classification is very helpful vvhen a rapid nutritional screening of a population is required 

within a stipulated time frame and also for specific research studies that needs to evaluate 

certain signs and symptoms. 
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].4.4. DIETARY INTAKE 

Methods of dietary intake at the individual or the population level utilize vanous 

procedures to estimate food, energy and nutrient intakes. Direct assessment of food 

consumption involves a dietary survey which may be conducted either at the household or 

the individual level. Such a survey provides information about the dietary intake patterns of 

specific foods consumed and estimated nutrient intakes. The dietary assessment methods are 

useful to evaluate the nutrient intake for research or large scale surveillances and in clinical 

assessment. This method has also assumed prime importance as nutritionists now recognize 

the major role that nutrition plays in the prevalence of obesity. heart diseases and diabetes 

(together termed as '·etiology (fcommon chronic diseuses'"). Accurate and reliable methods 

tor assessing dietary intake of a free living population are desirable to answer important 

questions regarding associations between the processes involved in the etiologic of disease 

(Beaton el ui"' 1983 ). Dietary investigations are carried out using a number of methods. 

These rncthods are the 24-hour recall (24-HR) method, \veighted intake method. food 

frequency questionnaire (FFQ), food diary, dietary history and oral questionnaire method 

(Gibson, ! 990: Lee and Nieman, 2005). 

The most vvidely used method for field of dietary intake is the 24-HR method (Beaton 

e! o!., 1983: Baranovvski eta!., 1991: Eggeret a!., l99L Nicklas et ul"' 1995: Olinto er 

!995 ). In the developed countries, the FFQ have been also utilized for identifying dietary risk 

factors associated with chronic diseases like coronary artery disease and \ arious forms of 

cancers (Graham eta! .. !967: Bjelke. 1975: Date eta! .. 1996: Shu et of., 2004 ). 

Bingham eta!. ( 1994) compared the FFQ and the 24-l-IR methods and observ~d that 

these methods were closelv associated with diet and there \vas no siunificant different .; . ....._, -

between the in a\erage food and nutrient intake. A \alidation study conducted b; Beer-Borst 

and Arnada (1995) on self-administered 24-HR questionnaires among 3.653 indi\iduals 
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concluded that the self-administered 24-HR questionnaire was a valid method for estimating 

the median and mean dietary intakes of such large groups of individuals. The feasibility and 

relative validity of the 24-HR method was also tested on 60 pregnant women in rural . 

southern Malawi by Ferguson et al. (1995). Relative validity was assessed by comparing the 

intakes from two 24-HRs with those assessed by using two weighed records (reference 

method) conducted on the same two days. The average intakes obtained by the two methods 

were in good agreement with each other, thus confirming that the 24-HR method could be 

used to determine average intakes. Schatzkin et a/. (2003) in their comparison of the FFQ 

and 24-l:-IR methods also observed the utility of these methods for detecting protein and 

energy intake statuses. 

SES plays a major role in the dietary intake the dietary intake of individuals and. 

population groups. A number of studies was undertaken to understand the effects of SES on 

the dietary intake of populations (Egger et ul .. 1991: lvanovic, 1992: Bialostosky et aL 

2002: Barquera ef u/., 2003: Capdevila el u! .. 2003: Borges- Ym1ez et u/ .. 2004: Vitolo et u/ .. 

2006: Manios et a! .. 200 Montenegro-Bethancouti el a!.. 2009). Using the 24-HR method. 

Egger et o!. (1991) showed that children belonging to a lower SES had a 10\>ver fat intake. a 

lovver contribution or t~lt to the energy intake and a higher contribution of carbohydrates to 

the energy intake as compared to children belonging to a higher SES. Barquera er al. (2003) 

reported that socioeconomic status ref1ected an increasing availability of inexpensive calorie-· 

dense foods in marginal groups. and total energy, cholesteroL saturated and total fat were 

consumed in greater quantities by women from higher SES of the urban areas. Similar results 

\Vere also reported on the consumption pattern and SES among Spanish adult individuals 

(Capdevila e! u! .. 2003 ). Studies have also reported that certain de; no graphical and· socio

economic factors influenced the dietary habits of individuals ( Manios eta! .. 2009: Velasco et 

a! .. 2009). 
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1.4.5 VITAL STATISTICS 

An analysis of the n;1ortality and morbidity data, along with infant mort-ality rate, 

second year child mortality rate, rate of low birth weight and the life expectancy can also 

identify the at-risk groups with regards to nutritional status. The data on morbidity in the · 

clinical settings or community health and morbidity surveys particularly those in relation to 

the protein energy malnutrition (PEM) and vitamin deficiencies are valuable in providing 

additional information with regards to the nutritional status of populations. 

1.4.6. /:'COLOGICH. STUDIES 

l'vlalnutrition is the end result of many interacting ecological factors. ln many 

nutritional surveys it becomes necessary to collect the ecological inf(mnation of the given 

community in order to make a complete nutritional assessment. A study of the ecological 

factors comprised fiJod balance sheets. a number of socio-economic t~1ctors. health and · 

educational services and finally conditioning influences. 

1.5. REVIEH/ OF 11/E PUBL/Slfh'D LITERATURE 

As the scope of the present study is limited to nutritional assessment usmg the 

methods of anthropometry and dietary intake. a re\ !C\V of the studies done in these two 

aspects are being detailed belovv. 

1.5.1. i\'0\-l\DI/LY Sn'DIES DOSE 0.\ i\l'TRIT/0\AL ASSESSME.YT USIVG ANTHROPOMETRY 

An hue\\ comnoc;ition 
/ ' 

ur an nr !dtion \Je!li!Te. 1966: Rao et ui.. 197(): Gor..;tt:in et of .. 1994 ). This· 

technique has been successfully utilized by various researchers to document nutritional status 

of different human populations. The studies of Rolland Cachera. ( 1989). Rolland Cachera et 

of (1991). Pelletier e/ ul. (]991. 1994. 1998), Dittvvyler (1992). Ferro-Luzzi eta/. (1992) 

Strickland and Ulijaszek ( 1993 ). Giay and Khoi ( 1994). Aiken ( 1995). Alemu and Lindbjorn 

( l9CJ)). Rutimi et ul ( \9lJ.~ ). Ferrp-Luzzi and James ( ]l)C)(JL Marton.'\ cl u! ( 1 996). l1igg.ins 
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and Alderman ( 1997), Zerihun et al. ( 1997), Smolej-Narancic ( 1999). Teller and .Yimar 

(2000). Kuczmarski eta!. (2000), Bloorn et al. (200 1 ), Chilima and Ismail (200 1 ), Bakr eta!. 

(2002), Schutz et al. (2002), Nube and van den Boom (2003). Kyle eta!. (2003), Zohoori et 

al. (2003). Zverev and Chisi (2004), Pichard et a!. (2004). Nikolic el a/. (2005). Tur el al. 

(2005). Barker et a!. (2006), Sanchez-Garcia et a!. (2007), Shafique er a!. (2007), Huxley el · 

al. (2008) and Nube (2009) may be cited here. 

The Btvll is a useful indicator in assessing the health condition of a community. !t is 

also now an established anthropometric indicator used for the assessment of adult nutritional 

status (Weiner and Lourie. 1981: James eta!, 1988, 1.994; Gibson. 1990: Ferra-Luzzi eta!.. 

1990 .. 1992; Naidu and Rao. !994; Shetty and James. 1994: Bailey and Ferro-Luzzi. 1 

WHO. 1995: Ferro·· Luzzi and James. !996; Lee and Nieman. 2005 ). The FAO and the 

fnternational Dietar: Energy Consultative Croup (lDECG) hm-e suggested that BMI :should 

also be used to define adult CEO (Weisel!. 2002). Studies have recognized that BM[ was a 

good indicator for the understanding of under-nutrition in terms CED among different 

populations {Ferro-Luzzi et ol .. 1990. 1992: Gibson. 1990: \VHO 1995: Ferro-Luzzi and 

James. !996: Lee and Nieman. 2005 ). Several studies han: also im estigated the relationship 

between SES. Brv1l and CED among different ethnic populations (Deurenberg et o!., 1991: 

Pryer. 1993: Shetty and James. 1994: Delpeuch el of" 1994; A.hmed c1 ol .. 1998: Nube eta/., 

1998: Khongsdier. 200 l. 2002. 2005: Pryer et ul .. 2003: Clausen et uf .. 2006; Monteiro et al., 

2007: Shannon e! ul .. 200S ). Studies haw also focused on the association of percent body t~H 

with BMI (Deurenberg- Yap et ul.. 2000; Shah eta! .. 2005: Ko!t et ol, 2007). Studies have 

also evaluated the relationship betv,een BMI and mortality (Costa. 1993; Allison eta/., 1997; 

Calle e/ a/ .. 1999: Khongsdier. 2002. 2005 ). A study conducted in the developing countries 

has obsened that \\Omen \\ith a f:Hv1lless than 18.50 kg!m' shO\\ed a progressi\e increase in 
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mortality rate and an increased risk of illness (Rotimi el a!., 1999) and associated health 

problems during pregnancy and lactation (Allen eta!., 1994; Prentice eta! .. 1994). 

An understanding of distribution and redistribution of fat is necessary in order to 

assess obesity and under-nutrition within a population. The BMI, together with different 

adiposity indicators such as WHR, Cl and WHtR has been observed to be very useful for the 

differentiation of over-nutrition (overweight and obesity) among adults. The WHR provides 

an indication ofthe predominance offat storage in the abdominal region (regional adiposit)'). 

Furthermore. WC can also be useful to assess nutritional status (e); .. overvveight and obesity) 

of adults and children (WHO, 2000). The skinfold measurements have been th~ most 

frequently used for the estimation of subcutaneous adiposity. The measurement of BSF. TSF. 

SSF and SJSF gives the adiposity measures and reflects the nutritional status (Siri. 1956: 

Durnin and Womersely. l974: Frisancho. 1974. 1981. 1989: Gibson. !990: Vanltallie et ol.. 

1990: Eckhardt e! ul.. 2003 ). 

The IV1UAC is another simple anthropometric measurement that has been extensively 

used to determine the nutritional status of adult individuals. particularly t!·om different ethnic 

population in the dn·eloping countries (Bern and Nathanail, 1995; Collins. 1996: Ferro-

Luzzi and James. 1996; Gartner e/ a! .. 2001: Khaclivzadeh. 2002; Zverev and Chisi, 2004: 

Bose et ur. 2007a: Bisai and Bose. 2009; Lemma and Shetty. 2009: Chakraborty e/ ol.. 2009: 

Chakraborty et u/.. 2011 ). James el u/. ( 1994) after an extcnsi vc study in eight countries 

(J\1ali. India. Senegal, Zimbabwe. Somalia. Ethiopia. Papua New Guine::1 and China) 

suggested that MLJAC could he used for a simple screening of adult nutritional status. It has . 

also been opined that BMI in combination vvith MUAC can provide a much better 

assessment of CED (Ferro- Luzzi c/ a! .. 1992: James et u!.. 1994: Bern and NathanaiL 1995: 

Ferro-Luzzi and James. 1996: Ahmed et u! .. 1998: Dorlencourt ct u!. 2000: Gartner et ol., 

2001: Suzana er ul.. 
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measure than BMI and reqmre a mtmmum of equipment. it can predict morbidity and 

mortality as accurately as deficits in weight (Breind et a!., 1989). It could be used both in 

emergency situation where semi-skilled monitors are available. It can thus, be used as a 

substitute for BMI when rapid screening of an adult population is required as a prelude to 

targeting intervention for the undernourished (James eta!., 1994 ). 

1.5.2. liVDIAiV ,)'TUDIES DONE IN THE ASSESSMENT OF NUTRITIONAL STATUS USING. 

ANTHROP01HEIRY 

The basic causes of under-nutrition in the developing countries such as India are 

related to poverty. poor hygienic conditions and little access to preventive health care (WHO. 

1990). In these developing countries. anthropometry remains the most practical technique for 

the assessment of nutritional status individuals or populations (KhongsdieL 2001. 2002, 

2005). Sneral studies h<l\'C been undertaken to assess the nutritional status of individuals 

belonging to different ethnic Indian populations using anthropometry. Most of the studies 

have assessed nutritional status using the conventional anthropometric indices of stunting · 

(height- ft)r-age ). undenveight ( \Jveight- for-age) and wasting (weight-for-height) and 

companng them with the reference data of National Centre of Health Statistics 

(\Vl:-IOiNCHS. 1983: WHO, 1995 ). 

1.5.2.1. SnD!E5' DONE ON PRE-5'C!100L CHILDREN USING ANTIIROPOi'f1ETRr 

India shows the highest occurrei1Ce of childhood under-nutrition in the world (Bamji, 

2003 ). It has been estimated that more than half of the country's children are undernourished 

(Measham and Chatterjee, 1999). The prevalence of under-nutrition amot1g Indian children 

is far higher than the countries with similar levels of economic development (Gragnolati et · 

a/ .. 2005 ). A number of studies have been undertaken to assess and document the prevalence 

of under-nutrition among Indian pre-school children utilizing the conventional 

anthropometric indice::;. The studies or Upadhyay e/ ul ( 1992 ). Rajasree and So man ( 1994), 
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Pal (1999), Yadav et a/, ( 1999), George et a!. (2000), Rao et a/. (2000, 2004 ), Awasthi et al: 

(2003 ), Rajaram ct a!. (2003 ), Shaikh et al. (2003 ), Bishno et a!. (2004 ), Kumari (2005), 

Kaur et al. (2005). Pooni et al. (2006), Rao et a!. (2006b), Sharma el al. (2006), Singh et al. 

(2006), Som et al. (2006, 2007), Bose eta!. (2007a. 2008a), Bharati et al. (2008, 2009), Das 

and Bose (2009a), Dutta et al. (2009) and Bisai and Mallick (20 11) may be cited here. Due to 

the high prevalence of under-nutrition among pre-school children. the Government of India 

started the Integrated Child Development Scheme (I CDS) aimed for early detection and · 

prompt and effective treatment of under-nutrition among them. However. studies have 

reported a high level of under-nutrition among these children. Here the studies of Bose el a{ 

(2007a), Manda! era/. (2008) and Biswas eta/. (2009) are mentionable. 

recently. studies have reported the. prevalence of under-nutrition among pre

school children in India utilizing the Composite Index of Anthropometric Failure (C!AF). In 

this connection. the studies c)f Nandy cl of (2005). Seetharaman cr of. (2007). Biswas ct of. 

(2009). Das and Bose (2009b}. Deshmukh e/ u! (2009). Manda! and Bose (2009). 

Mukhopadhyay era!. (2009) and Mukhopadhyay and Biswas (20 ll) are mentionable. 

/.5.2.2. ,)'Tl·DIE5; DONE 0.•\ CHILDRES AGED .HORE THAN 5 YEARS' USING ANTHROPO!v!ETR}' 

Ln India. extensive studies have been undertaken to assess the prevalence of under

nutrition status among Indian children in the ages of 5-12 years. Using the conventional 

indices. a large number of studies have repoHed high prn alence of under-nutrition among 

them. Here the studies of Chhabra ct o/. ( 1996); Kumar et a/. ( 1996 ), Vazir el of. ( 1998). 

Yadm and Singh (1999). Brahmbhatt e/ a!. (2001). Chaudhary (2001). Mitra eta!. (2002; 

2007). Elizabeth and Muraleedharan (2003). Vashisht ct of. (2005). Bhanderi and Choudhary 

(2006 ). l'v'Iittal and Srivasta\ a (2006 ). J'vledhi el a!. (2006), Bisai et ol. (2008). Bose et al. 

(2008a). Chowdhury er a/. (2008 ). Chakrabartv and Bharati (20 I Oa). Monda! and Sen. 

(20 lOa). Banik and Chatterjee (20 I 0) unci Gupta cl ul. (20 11) may be cited. Very recently. 
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studies have used the CIAF to report the prevalence of under-nutrition among children aged 

more than 5 years (Sen eta/.. 20lla; Sen and MondaL 2012). 

Kishor ( 1993) and Gopaldas and Gujral ( 1995) have reported that in almost all Indian 

populations, boys have a better access to food and basic amenities than girls and that there 

was a pronounced preference for the male child. NumeroL!s studies have further reported 

discriminations in diet and basic amenities against the girl child and that the girls were 

engaged in many different strenuous household chores thereby affecting their nutritional 

status (Ghosh. 1990: Devendra. l 995: Borooah. 2004). Several studies have also documented 

the fact that girls \Vere more affected by under-nutrition than boys (Singh et ol .. 1996: Yadav 

and Singh. 1999: Vashisht er ol .. 2005: Bose eta!.. 2007a; Mond;:d and Sen. 20 lOa. b; Sen er 

a!. 20 ll a. b: Sen and!VlondaL 20 12}. 

The body build of a child can be very accurately assessed using Bf\iii ( Rhalla, ). 

rv1itra er of. (2002) carried out a cross sectional growih study on the KamaL a primiti' e tribe 

of Chhattisgarh using this inde". They compared the data with that of other Indian tribes and 

the ICMR all India data. and concluded that poor SES of this primitive tribe may be one of 

the reasons for the poor growth pattern of the children. 

Very recently. the use of lmv-BiVll-tor-age or thinness has been introduced by Cole et 

ol. (2007) to assess child nutritional status. Studies have subsequently been conducted to 

document the prn alence of under-nutrition using thinness among Indian children. Here the 

studies of Bose and Bisai (2008a). Mandai et ul. (2008 ). Chakrabort) and Bose (2009), 

Ghosh and Bandyopadhyay (2009). f\;fondal and Sen (20 l Oc) and Sil el ol (20 11) may be 

cited. 

1.5.2.3. SHDIES DO.\E Q,\ .WOLESCE'\TS CSJNG AIVTHROPOMETRY 

The adolescent period is a ,·ery important phase in the life span of an individual. It is 

defined as the period or transition bet\veen childhood and adulthood and is ~haracterized by I 



an exceptionally rapid rate of grovvth (Tanner, 1978). In India, the adolescents comprise a 

nutritionally vulnerable segment of the Indian population. Most of the adolescents belongiog 

to the lower socio-economic groups are reported to be affected by under-nutrition. Several 

studies have been undertaken to document the prevalence of under~nutrition using s~unting 

(low-height-for-age) and thinness (low-BMI-for-age). A significant number of studies have 

reported the prevalence of under-nutrition among Indian adolescents. They include those of 

Anand et o!. ( 1999), Bose and Mukhopadhyay (:2004 ). Das and Biswas (2005 ). Khongsdier et 

al. (2005). Bose and Bisai (2008b). Banetjee ef of. (2009). Prashant and Shaw (2009). Banik 

and Chatterjee (20 1 0). Bisai el a! (2011) and Shivaramakrishna eta!. (20 11 ). 

The studies of Deshmukh et ol. (2006b). Das el al. (2007) and Medhi et al. (2007) 

have reported that a significant proportion of the adolescent population exhibited a high 

ptTYalence of under-nutrition. Utilizing data from the NN!VlB. Venkaiah ut a! . . (2002) 

reported that 39% of the rural adolescents \Vere stunted. Malhotra and Passi (2007) reported 

the pre\alence of stunting to be 29.7~/o among rural adolescent girls frum North India. Anand 

et u!. ( 1999) reported the pre\ alence of stunting to be 3 7 .2%) among adolescent girls and 41% 

among adolescent bO)S. \Vith an overall prevalence of 38.5(10. Recently. Monda! and Sen. 

(20 I Oc) has reported that a high pre\·a\ence of stunting ( 46.6%) among rural adolescent boys 

and girls from North Bengal. Ver) recently. iVluiti eta! (20 11) have reported the prevalence 

of stunting to be 34.2{~1u among adolescents from Paschim Medinipur district of West Bengal. 

A number of stuclie~; ha\e reported a high prevalence of thinness utilizing BMI-for

age (Anand el al .. 1999: de Onis et ul .. 2001: Venkaiah eta/ .. 2002: Deshmukh et a! .. 2006b: 

Malhotra and Passi. 2007: Medhi el of .. 2007: Monda\ and Sen. 20\0c). It is now a generally 

accepted fact that there existed a high pre\'alence of thinness among Indian communities and 

that more than 50.00%) of the adolescents \\ere affected (de Onis et of .. 2001: Deshmukh et 

ul .. 2006b). Vcnkaiah d u!. (200::'\ rcpurtcd that the prnalence of thinness to be higher 

21 



among boys (53.10%) than girls (39.50%). Rao eta!. (2006a) utilizing the NNMB data from. 

9 indian states. reported the prevalence of thinness among tribal adolescent to be 63% among 

boys and 42% among girls. They also obtained a significant association between under· 

nutrition and different socio-economic parameters (family type, size of land holding and 

occupation). Low prevalence thinness among adolescent girls (30.6%) has also been reported 

from North India (Malhotra and Passi. 2007). In a very recent study. Maiti et a!. (20 11) 

reported the O\ erall extent of thinness to be as high as 3 7. 7°/o among adolescents of Paschim 

Medinipur district of West BengaL . 
1.5.2.4. ,S'TUDIES DONE ON ADULT INDIVIDUALS USING ANTHROPO/'rfETR r 

1'!1ere have been a sizeable nun1ber of contributions in the issue of adult nutritional 

among different populations of India. Here the studies ofVisweswara Rao e/ a/. (1990. 1992. 

199)). Durandhar and Kulkarni. (1992). Ferro-Luzzi r.:t u/. (1992). Gopinath e/ a!. (1994). 

Reddy (1998). Yada\· e/ a!. (1999). Mehta and Shringarpure (2000). Zargar ef a!. (2000). 

Dudeja el ul. C:WO I). Khongsdier (200 I. 2002. 2005). Gogoi and Sengupta (2002). Shukla et 

of. 2002. Sahani (2003). Sncha!atha el of. (2003). Bose and Chakraborty (:"::005). Arlappa et 

of. (2005 ). Khongsdier et of. (2005 ). Venkatramana er ul (2005 ). Adak e/ of (2006 ). Ghosh 

and Bharati (2006 ), Bhardwaj et ul. (2006). Bose et a!. (2006a. b. c), Gautam et a!. (2006), 

Subramanian and Smith (2006), Bose eta/. (2007 a, b. 2008 a, b, 2009). Banik (2007). Banik 

el ul. (20CJ7. 2009). Bharati r.:r ul. (2007. 2009). Subramanian and Smith (2006), Subramanian 

et of. (2007). Chakrabarty et of. (2008. 2009). Bisai and Bose (2009), Sarkar el a!. (2009) 

Chakrabarty and Bharati (20 1 Ob) and l'vlasoodi et of. (20 1 0) are mentionable. 

lt has been suggested that most of the adult individuals from India vvere afTected by 

different grades of undernout:ishment or CEO (James et of. !999). It was reported that a high 

proportion of them (49%) suffer from different grades ofCED (Naidu and Rao, 1994). In a 

si12-nificant study among the War Khasi of rural Megha!a)<L Khongsdier (2002) reported that 
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35% of them were suffering from CED. In another important study involving 8L712 rural 

women from 26 states and 6 zones, Bharati et a/., (2007) reported that 31.2% of them were · 

suffering from CED. 

A number of studies have been done using BMI as an indicator of nutritional status 

and socio-economic conditions (Shetty and James. 1994: Khongsdier, 2002; Subramanian 

and Smith. 2006; Subramanian et a/., 2007). Recently. a review of the studies done in the 

field of nutritional assessment using BMI in India has been published (Mondal and Sen. 

2009). A reYiew of the studies done using MUAC in India has also been recently published 

(Sen et ul.. 201 Oa). The BMI along with WC HC and WHR have also been used to assess 

body composition and regional adiposity in many studies (Misra er ul .. 200 l: Bose el 

2005: Das and Bose. 2006: Misra el ul.. 2003). Association betv.een body fat densities, 

disease risk f~tctors \\ith Bl'vl! among different populations of [ndia have also been reported 

(Zaadstra et of.. !993: Singh e/ of.. 2000: Misra c/ u! .. 2001. 2003. 2004: Bose ct a!.. 2003: 

Ghosh and Das Chaudhuri. 2005: Ghosh et of.. 2004. 2006: C!hosh. 2006: Ghosh and 

Bandyopadhyay. 2007). 

There have been a number of studies in the assessment of nutritional status among 

individuals belo11ging to diflerent Indian tribal populations. Using BML the recent studies of 

Bose era!. (2006a) among the Santa!. Mittal and Srivastava (2006) among the Oraon. Bose et 

a!. (2006b) among the Savar and Chakrabarty and Bharati (20 1 Ob) also among the Savar 

ha\ e documented a high pre\ alence of under-nutrition. Arlappa ef ul., (2005) conducted a 

study among the tribal elderly population from 9 provincial states of India and reported that 

females vvere more affected than males (65.4% versus 61.8%). Bose eta!. (2006a) reported a 

high prevalence of under-nutrition an1ong <!dult Santa! individuals (males: 26.2%~ females: 

33.7%). 
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A large scale study was conducted adult males belonging to 38 different populations 

and comprising of 5 major social groups that included scheduled tribe, scheduled caste, other 

backward caste, general caste and Muslim populations from central India by Adak et al. · 

(2006 ). It was observed that the prevalence of under-nutrition was the lowest among the 

general castes ( 4 3.1%) as compared to the scheduled castes ( 60.3% ). the scheduled tribes 

(51.5~/o). other backward castes (51.7°1tl) and the !Vlus!ims (47S%).The higher level of 

nutritional status among the general caste was corroborated by their higher social and 

economic status. 

Gautam cf a!. \2006) utilized anthropometric data collected by the Anthropological 

Survey of India to assess the nutritional status using BM! of 3 i popuiations residing in 3R 

districts of central India They reported a higher level of nutritional status among the 

populations of the non-backv,,ard districts. Hom~ver. they opined the need for further 

intensi\ c im estigations in these populations, as because BMI being a measure of CEO. the 

SC\ erity of CED and morbidity, mortal it) and health status need to be studied. 

A recent study was conducted by Chakrabarty e1 u!. (2008) on body composition and 

nutritional status among adult individuals belonging to the major social groups of the states 

of Odisha and Bihar. The results indicate 'i.hat in Odisha, individuals belonging to the 

scheduled tribes have lower mean \'alues of Btvll and cormic index: as compared to those of 

the other groups. whereas in Bihar. schedule caste individuals had !cmest mean values of 

Br'v1I. The scheduled castes and tribes of Bihar shO\\ed the highest prevalence of CEO 

(64. 71% and 57.45% respectively). The results further suggested that Muslims were more 

affected with CED (52.6:2';~) ). but the O\ crall prnalence of CED \vas lower in Odisha 

( 49.!1 %) than in Bihar (54.62%). 



1. 6.1. NON-INDIAN STU DIES DONE ON NUTRITIONAL. STA rtJS UT/l.IZIN(i Dl ETA R r :VIETHODS . 

Extensive studies have been undertaken using dietary methods to depict under-

nutrition in different populations (Fogarty and Nolan, 1992: Heitmann and Lissner, 1996; 

Gharbi et al., 1998; Mennen et al., 2000; Banjong eta!., 2003; Correa Leite eta!., 2003: Wu 

eta!.. 2005: Esmaillzadeh ef a!.. 2008). Studies have also highlighted the dietary intake and 

food-related behaviour among different populations (Hatloy et al., 1998: Onyango et a/., 

1998: Trudeau e/ of .. 199~'): Tarini et a/ .. 1999: Gray-Donald et al .. 2000; JV1ennen e/ ul., 

2000: Mennen eta! .. 2001; Starkey eta!. 2001: Capps e! a/.. 2002: Neuhouser eta! .. 2004: 

Roos eta! .. 2004: Alves and Boog. 2007). 

A number of studies have been conducted in this aspect among pre-school children 

aged less than 5 years (Baranowski el uf.. 1991: Davies. 1997: Omar, 2000; \Veker et al., 

2000: Chen et a!. 2002: Na\·ia et u!.. 2003; Cooke ct ol.. 2004; Faber. 2005· tv1anu and 

Khetarpaul. 2006: ~1lanios et ul. 2009: frackiewicz e! u! .. 20 ll: Jennings el al. 20 !1 ). 

Studies have also been clone anwng children more than 5 years of age and adolescent (Egger 

er of .. 1991: Royo-Bordonada e! u!.. 2003: Adams et ul.. 2005: Heath and Panaretto,, 2005: 

Blum et ol.. 2005: AI Sabbah et a! .. 2007: l'v1artin ef u/.. 2008; Abudayya et of.. 2009: 

Kollat~~j et u/., 2011: Shiu et ul .. 2012). Studies have also lxcn conducted among adult b: 

Taylor eta!. ( J 992). Adachi and Hino (2005). Wang e/ u!. (::'l_008) and elderly individuals by 

Fogarty and Nolan ( 1992). Posner el a!. ( 1994 ). !Vlaruapula and Cbapman-Novakofski 

(2006 ). Johnson e! a!. (2008) and Risonar el ul. (2009). 

Studies have also pointed out the specific dietary and nutrient intake patterns with 

respect to urban and rural individuals by Fogarty and Nolan ( 1992). Taylor el a!. ( 1992), 

Posner el ul ( 1994). Barqu<.::ra er u!. (2003 ). Tooze el u!. (2007). Wang er ul. (2008) and 

Manios el u!. (2009). i\lost ofthesc studies hme shown the mean consumption of different 

t(Jod and nutrient:-; tn be higher among urban individuals as compared to rural indi\·icluals. 



Deficiencies in vitamin-D, vitamin-A, vitamin-E and thiamine are a serious problem 

in the developing countries (Christian eta!., 1998. 2000; Krishna eta!.. 1999; Andiran elal., 

2002; Pehlivan et al.. 2003; Maghbooli el al.. 2007; Khatib and Elmadfa. 2009; Lips, 201 0; 

Dror and Allen. 2011 ). Studies have also indicated that a majority of the elderly individuals. 

were suffering from vitamin deficiencies (Charlton et al.. 1997; Huang eta/ .. 200L Martins 

et al.. 2002; Watanabe et a! .. 2004: Chen et a/ .. 2005; Hinds et a!.. 2011 ). It has been 

reported by Asobayire et ol. (200 l) that the prevalence of iron deficiency was 41%-63% 

among women and children and 13% among males from Africa. Zinc deficiency has also 

been observed to be widespread in the developing countries particularly among children and 

pregnant females (Ferguson et a/ .. 1993: Huddle et a! .. 1998 ). 

1.6.2. l\DIAA STUDIES DONE OiV VCTRIT!Oi\AL ST:4 TU.\' l.l1UZING DIETARY METHODS 

The inadeyuacy 111 diet is one of the key causes of under-nutrition among Indian 

populations. The \ulnerable groups are children. adolescents. pregnant mothers and the 

elderly (Singh. 2002: Arlappa e! a! .. 2005. :2011: Rao e! a/ .. 2006a. :20 l 0: Malhotra and 

Passi, 2007: f\litra ct ul.. 2007: Harinarayan e/ of.. 2008: Lax.maiah er u!.. 2012). These 

inadequacies are believed to be due to poor living conditions and inadequate intake ofliietary 

micronutrients (Thankachan er ol .. 2007). A number of studies have been conducted in the 

field of nutritional status assessment and dietary intake among individuals belonging to 

different Indian populations. Here the studies of Venkatachalam er of. ( 1962), Jyothi e/ al. 

(1963). Gill eta/. (1968). Rao and Gopalan (1969). Bamji (1970), Swaminathan eta!. 

( 1973 ). Narayanan et a/. ( 1974 ). Purohit and Sharma ( 1975). Vijayalakshmi and Devaki 

(1976). Raialakshmi and Ramakrishnan (1978). Vijayadurgamba and Geervani (1979)~ 

Pushpamma el u/. (1982l. Vijayaraghavan and Rao ~1998). Mittal and Srivastava (2006). 

Yajnik eta!. (2006). Harinarayan el a/. (2007) and Puri el a/. (2008) may be mentioned. 
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1;6.2.1. INDIAN STUDIES DONE ON NUTRITIONAL STATUS UTILIZiNG DIETA.RY METHODS 

AMONG CHILDREN AND ADOLESCENTS 

A number of studies. have been conducted to assess the food, nutrition and dietary 

habits of the children (Sidhu eta!.. !993; Begum. 1994; Rao eta! .. 1994; Khader. 1996; Jood 

et a! .. 2000; Singh et ol., 2006; Kulsum et ul., 2009) and adolescents (Chaudhary et al., · 

2003: Rao et oL 2006a: Malhotra and Passi. 2007; Gupta et of .. 2010: Sanwalka eta/., 20 I 0) 

belonging to diflerent Indian populations. Joshi et u!. ( 1989) have reported the nutritional 

status among pre-school children from Hyderabad using dietary methods. The association of 

SES with dietary intake showed that dietary inadequacy was significantly higher among 

children belonging to a lower SES than a higher SES (Qamra et of .. 1990). Khader ( 1996) 

has reported dietary intake and nutrient adequacy status of rural pre-school children from 

Anclhra Pradesh. The f(Jod intake and nutrient distribution patterns among Rajput children of 

Rajasthan \\ere studied by Saxena and Ulijaszek ( !998). A study vvas also been conducted on· 

childre!l belonging to different tribal populations of Maharashtra by Singh (2002). 

Utilizing the NNMB ( !998-1999) data recorded from tribal adolescent girls of 9 

states in India. Rao e/ ol. (2006a) reported that tood and nutrient intake \vas grossly 

inadequate. The mean intake of the foodstuffs, especially the income elastic foods such as 

pulses. milk ami milk products, oils and fats and sugar and jaggery were lower than the RDf\ 

of the ICMR (2000). Choudhary et a!. (2003) reported the energy expenditure and energy 

balance amuug rural adolescents girls in Varanasi utilizing the 2cf-HR oral questionnaire 

method. They obserYed that the average energy intake of 1609.42 r 528.87 kcal/day was less 

than their mean em:rgy expenditure of 1896.19 kcal/day. The energy expenditure was also 

significant!) inil uenced by age. caste and f~1mily type. 

A recent study by Malhotra and Passi (2007) assessed the diet quality and nutritional 

status of beneficiaries of the Adolescent Girl Scheme. a national programme targeted 



towards the nutritional/health needs of adolescents. They reported that the girls followed a 

two-meal pattern and their diets were monotonous a.nd cereal-based. Nearly half of them 

(49.3%) were observed to have an energy intake less than 75% of the RDA. A substantial 

proportion of them had inadequate nutrient intake with respect to most of the food groups 

and nutrients. especially iron (84.7%). folic acid (79.4). vitamin-A (73.2%). milk and milk 

products (47%). pulses (36%), green leafy vegetables (GLVs) (26%), other vegetables (34%) · 

and fruits (3%) as compared to the suggested levels of the RDA. 

1.6.2.1. [i\'DIAV STCDIES DONE O.V NlTRIT/0/\'AL STA FUS UTILIZING DIETARl' METHODS 

AMONG ADUL L'>' 

A large amount of scientific literature is present on the assessment of dietary intake 

using the 24-HR method from adult individuals belonging to di1Terent populations of India 

(Chaturvedi et ul.. 1994: Mehta and Slningarpure: 2000: Chaudhary era/.. 2003: Goyal and 

GrewaL 2004: Harinara} an er ul.. 2004: .1'\rlappa cr of. 2005: Mittal and Srivastava, 2006: 

Gupta ct of.. 2010: Bowen er u!.. 2011: Radhika et of., 2011: Venkaiah et of.. 2011). 

1\htrl; and Reddy ( 1994) obsen ed that 30%) of women from a slum exhibited dietary 

inadequacies. /\ study on pregnant \\Omen reported a high incidence of dietary zinc 

deficienc} (Pathak el a! .. 2003 ). Lo\\ dietar;. intake m terms of energy. protein, iron, and 

vitamin-C \\as also reported fi·mn Khasi \\Omen (/\grahar-Murugkar and Pal, 2004). 

Insufficient amount of dietary intake and prendence of under-nutrition has also been 

reported from cluerly tribal individuals (Arlappa c/ a!. 2005). The inadequate nutrient intakes 

with respect to most of the micronutrients. especially iron (84.7%), folic acid (79.4%) and 

vitamin-A (73.2%!) have beell reported from north India (Malhotra and Passi. 2007). Gautam 

er of. (2008) in their study alllong rural pregnant \\Omen have reported the dietary allowance 

to be less than the RDA. 



The consumption patterns of food and nutrients are diverse in nature in india. These 

vary from region to region and population to population. Several researchers have studied 

these diverse food habits. Mital and Gopa!das· ( 1985) reported the food habits of adult 

females from Gujarat. Kaur ( 1987) reported the dietary patterns of adult female individuals 

belonging to low and medium socio-economic groups from Punjab. Hira ( 1993) has observed 

nutrient adequacy among rural adult males also from Punjab. The dietary habits and food 

consumption related to nutritional status haYe been reported from adults in Madhya Pradesh 

(Dubey and Ko!ey, 1995). Studies have also been undertaken to document the food habits 

and dietary patterns among expectant mothers of different states (Gupta. 1998: Sahoo and 

Panda. 2005). Recently. a study has been conducted to understand the food consumption 

patterns and nutritional status among rural females from Odisha (Rout. 2009). 

A nurnber of studies ha\e been conducted to assess tht' food habits. dietary and 

nutrients intakes of adult indi\ iduals belonging to different ethnic populations of India 

(Banerjee and Sinha. 2001. Sharma and Dwiwdi. 2005: rvlohanty et a! .. 2007: Koshal et aL 

2008: Chakma e/ a! .. 2009). Rajy·alakshmi and Geervani ( 1992) reported the food habits 

along \vith nutritional status and related morbidity uf --1- tribal populations of south India. A 

dietary evaluation study has been done among the Dimasa of North Cachar hills by 

Khongsdier and Basu ( 1998 ). Reddy and Reddy (2000) has reported the bio-ecoJogical 

aspects of food and nutrition and its change among 5 tribal ethnic populations of Tamil 

Nadu. Bera (2004) has reported a higher consumption of t(Jo<..i. nutrients and nutritional status 

among the Tibetan women in India. Periodical data from the NNMB and NFHS have 

indicated that there are clear differences in diet between urban and rural areas within a. 

specified region. The existence of a divc:rsc dietary prol~le in India is closely linked to the 

religion. ethnicity and geographical regions. fhese make assessments about national dietai)· 

pruCik di t'licult. !he problem is further compounded b) the methodological issues related to 



dietary assessments. An extensively review on the methodological issues has been published 

by Vas et al. (2005). 

I. 7. STUD IE.~' DONE IN BIOLOGICAL AN111ROPOLOGY AMONG · THE 

DIFFERENT POPULATION~S' OFNOR11/ BENGAL 

Popularly called North BengaL the northern part of West Bengal and comprises the 6 

districts of Maida, Uttar Dina_jpur, Dakshin Dinajpur, Dmjeeling. Cooch Behar and 

Jalpaiguri. A number of indigenous populations such as the Rajbanshi. the Lepcha. the Rabha 

and the Toto are found in this area. A thorough search of the existing scientific literature on 

various aspects of biological anthropology among different populations of North Bengal \vas 

done usmg ·Pubmed". Th1s is an on-line database dewloped by the National Center 

Biotechnology information ( 'Bl) at the National Library of l\1edicine (NLM). 'United 

States of America. lt consists of indexed citations and abstracts. pertaining to medical. 

nursing. dentaL vderimtr). health care. nutrition and pre-clinical science _journals. As of 15th 

January 2012. PubMed has O\er 21.47 million records going back to 19()6. se!ectiwly to the 

year 1865. and very selectively to 1809. About 500.000 new records are added each year to 

this database. 

One of the earliest studies in the field of biological anthropology among the 

populations of North Bengal \Vas that of Sarkar ( !969) \Vho observed variations in certain 

dermatoglyphic variables among some caste and tribal populations of Jalpaiguri district. 

Later on. dei·matoglyphic studies were done among the Oraon and the l\,1unda \Vho had 

migrated to North Bengal (Sarkar. 1971) and the Meche (Sarkar and Biswas. !972) of 

J alpaiguri district. Notable studies have also been conducted on the dermatoglyphics patterns 

among the Rajbanshi by Sen and Monda! (2008) and Sene/ al. (20 11 c). 

Studies have also been undertaken in the areas of blood genetic markers (Saha et al .. 

1988). mitochondrial-DNA tChakrabarti el ul .. 2002) and liLA 1 l)ebnath and Chauclhuri. 
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2006). In their study on blood genetic markers, Bajpai and Bajpai ( 1990) concluded that 

although the overall intergroup heterogeneity was not significant for the Rabha and the 

Meche. the Toto showed a difference from the local population and differed slightly from the 

Meche and the Rabha. There exists just a single study on the age at menarche among the 

Rajbanshi (Chakravarty, 1994). There is, however. a very significant contribution on the 

Rajbanshi in the form of a book. [t is authored by Sanyal ( 1965) and entitled · Rajbanshi of 

JVorlh Bengar. Sen and Ghosh (2008) and Sen et a/. (201 ld) reported the estimation of 

stature and sex utilizing the foot dimensions of the Rajbanshi individuals of North Bengal 

respectively. Limited number of studies has reported the health status and practices among 

different indigenous population of North Bengal. Here the study of Bagchi (2003) 

Meche can be cited. 

1. 7.1. Sn'DJES DONE!:\ lHE ARE4 OF Nl/lRITJOVAL ASSESSiHE.\TA..l!O.VC THE DIFFERENT 

POPLLA rtON5i OF NORTH BESCAL 

Studies on the assessment of nutritional status among the different populations of 

Nonh Bengal are relatiYely scarce in the existing literature. l'vlittal and Srivastava (2006) in 

their study among the Oraon. observed the incidence of under-nutrition to be 54.00% and 

40.00c% respectively. Banik et o/. (2007) reported a high incidence of under-nutrition 

(36.40%) among the Dhimal. Recently. Banik et ul. (2009) conducted a cross-sectional study 

among the l )himaL the Meche and the Rajbanshi and reported high incidences of under-

nutrition and CED (Dhimal: 37.45%: Meche: 13.20°/o: Rajbanshi: 23.56%). I\1ondal and Sen 

(20 1 Oa) reported very high prevalence of under-nutrition from children belonging to the. the 

Rajbanshi. tribal and the Bengalee Muslim populations. They observed the overall incidences 

of stunting, uncJenveight and wasting to b~ higher among children belonging to the tribal 

(41.67%. 50.85% and 23.46%) h>llovved bv those of the Ben~alee I\1uslim (.13.7%. 43.8% 
' ·' '-- ' 

and 26.61 °1(J) tdlowed by those of the Rajbanshi (35.85<Yo. 3 7.4~0 and 13 .6(l,l(l) populations. 
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The prevalence of thinness (low BMI-for-age) was also observed to be higher among 

children of this region (Monda! and Sen, 201 Ob ). A high prevalence of under-nutrition has 

been also reported utilizing the conventional anthropometric indices and CIAF among 

Muslim children of North Bengal (Sen eta!., 201lc). In another study. Monda! and Sen, 

(20 1 Oc) observed that the adolescents exhibited a high prevalence of stunting (low height

for-age: 46.6%) and thinness (low BMI-for-age: 42.4~'0). The incidence of LBW \vas also 

found to be high among the populations of North Bengal and this has been observed to be 

closely associated with maternal nutritional status (Sen ef a/., 201 Ob). 

Using the recently developed CIAF along with the conventional indices, 

Mukhopadhyay cr a!. (2009) and Sen eta!. (20 llc) reported a very high prevalence of under-

nutri among children of' North Bengal. In a very significant study. Sen and Monda! 

(~0 l2) han:- documented the socio-economic and demographic factors affecting the CIAF, 

using children from North Hen gal as the subjects of study. 

There han: been some \ery recent studies dealing v\ith the development ne\\ 

methodologies invoh ed in assessing nutritional status of individuals and populations. Dutta 

Banik (2011) has tried to assess the nutritional status among Dhimal individuals using arm 

span as a proxy measure of under-nutrition. Sen et o!. (20 11 b) have tried to assess under

nutrition among children using upper arm composition. 

1.8. S1:4TEMJ:~VT OF THE PROBLEilJ 

The knowledge of tbe nutritional status of a population is necessary to hm e a 

comprehensive idea about the de\elopment process. This is primarily because under

nutrition is one of the majur health problems in the developing countries. Hence. the 

assessment of the nutritional status of a population becomes a prime objective. 

it j-:; appmen! !hell the nulritiumd staius or lndicl!1 

1 ~) 11:-, 1 \ i 'r\ !t. .. 'ilC'~-~ 1..)f 
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nutrition m all segments of the populations. Given the above facts, a comprehensive 

approach on the assessment of nutritional status using anthropometry and dietary assessment 

is proposed to be taken up in the present study. There has been hardly any such 

comprehensive study done earlier to document the nutritional status of an ethnic population 

ofNorth Bengal using these two parameters. So the present study also bears importanc.e from 

the methodological point of view. The present study also focuses on the socio-economic and 

demographic\ ariabks that can affect nutritional status. 

1.9. OB.JECTIVE.\' OF 11lE PRE\'ENTSTUDY 

The main objectives of a nutritional assessment study is to obtain precise information 

on the prevaience of under-nutrition in a given community and identification of the 

individuals \Vhu comprise the ··at risk group". i.e., those who need of the nutritional 

assistance::;. Therd;_m::. the present study\\ as done keeping the follO\\ ing objectives in mind: 

l. To assess the nutritional status of adult individuals aged 20 years to 49 vears and 

belonging to an ethnic population of North Bengal usmg anthropometric 

measurements. standmd anthropometric indices and internationally accepted cut-otT 

points. 

2. To compare the overall pre\alence or under-nutrition among these mdividuals with 

tlw available international and national data. 

3. To tind out the as:->uciatiun bct\\ccn different indicators of nutritional status \\ith the 

different socio-economic. ckmugraphic and lifestyle variables. 

4. To evaluate dietary intake of different t~K1dstutfs. essential nutrients. vitamins and 

minerals using quantitatin~ 24-1-IrZ method. 

). To compare the dietary consumptions of the different foodstuffs and nutrients of the 

individuals under study \\ith the RDA as suggested for the Indian population. 

,.., 
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6. To compare the dietary intakes of the individuals with the available dietary data of 

different populations of Indian. 

7. To document the factors affecting energy, protein inadequacy and PEM status with 

difTerent socio-economic, demographic and lifestyle variables. 



0 

CHAPTER~II: 

MATERIAL AND METHOD 



MATERIAL AND METHOD 

2.1 11/E PO PULA 110N UNDER STUDY 

The northern part of the state of West BengaL India is separated from the southern 

part by the Farakka Barrage. The area covers the gigantic Himalayan and sub-Himalayan 

regions as vvell as the plains. It extends over an area of 21332 km2 which is about 24.00% of 

the state and has a population of 14.72 million (14, TU 4940) individuals, whi~h is ·a little 

less than l/5 111 of the state's populatio!1 (Census. 2001: IAMR. 2002). North Bengal is 

home to a large number of heterogeneous tribal populations. caste groups and religious 

communities. The region has a number of Mongoloid tribal populations such as 

the Bhutia. l'vleche. the Rabba .. and the Hajong. It also has a number of Proto-Australoid 

tribal populations (e g. the Oraon. the Munda and the Santa!). Initially it v-.as the British who 

were instrurnental in bringing these indi\iduals belonging to the Proto-Australoid tribal 

communities from the Chotanagpur plateau of Bihar to North Bengal in the rnicl-l91
h century 

to be employed as \\ orkers in the tea gardens. They are now collectively referred to as ~Tea

labourer· in North Bengal (Bhadra and Chakraborty. 1997). Besides these tribal populations, 

there arc several scheduled caste populations living various part of North Bengal. The most 

Important scheduled caste populations are the Rajbanshi. the Bhuimak the Nan1asudra, the 

Bhuiya, the Kaibarta and the Turia. 

Among the scheduled caste populations. the largest and most widely distributed is the 

Rajbanshi. The Raj bans hi also constitutes the second largest percentage of the scheduled 

caste population in \Vest Bengal (3,386,(117 individuals: 18.40%) and is mainly concentrated 

in the districts of Cooch Behar, Jalpaiguri and Dmjeeling. fhe Rajbanshi population has been 

selected for the present stud\ hecause of its numerically larger strength, and wider 
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distribution in North Bengal. They also appear to satisfy the condition of moderate numerical 

size as compared to the surrolmding populations. 

2.1.1 THE RAJBANSHI 

The northeastern part of India is inhabited by many tribal and caste populations that 

have their own distinct sociaL linguistic and biological affinities (Kumar et a! .. 2004). 

Ethnically speaking, most of the tribal groups belong to the Mongoloid group, whereas the 

caste groups are either Caucasoids or sho"v a mosaic of features of both these ethnic groups. 

The ethnic groups belonging to the Mongoloids/Indo-Mongoloids have entered India from 

different directions at different times and perhaps earlier than the Caucasoids (Das et a!., 

1987) \Vhiie the Mongoloids have migrated from the eastern, southeastern, and central 

Asian regions, the Caucasoids mm have t:ntered the countrv from the vvestern and northern 
~ . " 

boundaries (Rapson. 1955: Dani. l960).The majority of the Mongoloid tribes are affiliated to 

the Tibeto-Chinese linguistic fztm· . excepting the Khasi. !v1ost of the ds are caste 

groups \vho speak the Indo-European languages. Both the Mongoloid and the 

groups show a certain degree of differentiation \\ithin themselves in cultural and biological 

traits such as anthropometry. genetic markers. arid dermatoglyphics (Das. l 971. !973, 19 

Das and Das. l n l: 1\oychoudhury. 1992: Bhasin and \Valter. 200 l ). Moreover, the 

Caucasoid and rvlongoloid populations have cohabited for a long period of time and 

presumably there \Vas gene thm between them. as is e\ iclent frurn the conclusions dravvn 

from different studies ( Das. 1977: Das er of. 1980a. J 980b ). The Indo-European group 

comprises of the Brahmin, the Kalita, the Kaibarta. the l\!uslim and the Rajbanshi of north-

eastern India. the Brahmin and the Chetri of Sikkim and the Brahmin of Manipur. The 

migrations of Indo-Europc<m-speaking people to this region 3tarted from the proto~istoric 

period (lVlajumdar. !980J. The Ka!itas. who claim to be Rujputs or Kshatriyas. \Vere probably 

one uf the ear!ie::-:t to arri \t~ i11 the northeastern part ot' Incli<t. 



Ethnically, the Rajbanshi has been identified by Risley (1915) as Kshatriya (an 

upper-caste Hindu population). According to Dalton ( 1872), they belong to a Dravidian stock 

that came in contact with the Mongoloids of Assam. Das ( 1981) considers them to be a 

conglomerate of various tribes that were converted into Hindus and in the process became 

admixed with certain caste groups. Later on, Das et a/. ( 1987) hypothesized the Rajbanshi to 

be a mixture of difTerent tribal groups (such as the Rabha. the Tivva. the Kachati the Garo 

and the Karbi) V\ho were converted to Hinduism and in the process became admixed with 

certain Caucasoid caste populations. Some researchers consider the Rajbanshi as one of the . . 

groups of the great Bodo/Boro/Bara family that entered lndia in the 1 Ot 11 century B.C. from 

the east and settled in the banks the Btahmaputra bt'fure spreading over Assam. nbrth 

eastern Bengal and eash:rn (SanyaL 1965: Gautam. 1994 ). It is been also conjectured 

that the Rajbanshi was a Dra\ idian caste of North Bengal and originallv ca!kd the Koch. but - ~ ~ ~ 

present!) claim to be an outlying branch of the Kshatriya. The Koch possessed a pO\verful 

kingdom at the foot hills especially at Koch Behar. They gradually became Hindmzed by 

contact \vith their lleighbuurs in the plains and discarded the name Koch. 

Based on their physiognomy and racial traits. the Rajbanshi has been classified as 

Mongoloid a population (Sanyal. I %5: Gautam. 1994 ). In fact. V/addel ( 1975) considered 

them to be a heterogeneous !\ilongo\oid population. A recent stud; on the ethic affinities of 

22 populations or north-eastern India based on 11 genetic markers was carried out by Kumar 

et of. (2004). It \\as obsen ed that the Rajbanshi, along v\ith the C'hutia and the Ahom, 

constituted a separate compact cluster positioned in the centre of the multidimensional 

scaling used for depicting relationship among populations based on frequency of distance 

data analysis. The result also highlighted a strong indication uf a biological etTect on the 

process of tribe-caste continuum that has been in the assimilation of some of the tribes in the 

caste hicrarcby. lhis has b~_\.'11 rctkck'd in c'thc broad constellation of populations in the 
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multidimensional plot. At one end it was the constellation of populations subscribing to the 

caste system, while the other end of the plot had the constellation of tribal groups. In between 

lay the Rajbanshi. the Chutiya and the Ahom. which were supposed to have undergone the 

process of tribe-caste continuum. 

Bose ( 1941) studied the Hindu method of tribal absorption which opined that tribes . 

over a period of time assumed the characteristics and status of castes and this process of 

transformation of a tribe into a caste resulkd in a Tribe Caste continuum This social concept 

of a Tribe Caste continuum postulates that one end of the continuum is formed by caste 

populations. vvhile the tribal populations constituted the other end. In between are the 

populations \\ho \Vere once tribe:; but gradually adopted the attributes of the caste population 

and ultimately became absorbed as an integral part of a caste system, although at the lowest 

step of caste hierarchy. !IuwcvcL they do maintain a separate group identity and over a 

period of time become distinct castes. Risley ( 198!) discerned four processes by which a 

tribe is converted into a caste and gradually becomes a distinct caste group. He describes in 

detail the case of Rajbanshi. who claims to be Kshatriya. although a majority of them are 

Koch. Similar processes have also reported from the Koch of Cooch Behar (Kumar ef ul .. 

2004). It may be pertinent to note that Das ( !981) suggests that Rajbanshi is a lit exan1ple of 

a Tribe-Caste continuum both in their socio-cultural aspects and biological makeup. 

The area of the present study covers the Rajbanshi dominated \ il!ages under Block: 

Phansidevva (Latitude 26° 34' 59" N. Longitude 88° 22' 00" E). Sub-di\ ision: Siliguri. Police 

Station: Phansidewa. District: Dat:jeeling. West BengaL India. The geographical location of 

the district of !Jarjeeling is shovvtl in Figllre 2.1. The study area is essentially a rural area. 

situated adjacent to the Indo-Bangladesh international border and at an approximate distance 

of30 km to 40 km !"rom the sub-di\isiunal to\\n ofSiliguri. The data \\as collected from over 



665 Rajbanshi tamilies residing in 8 RL\jbanshi dominated villages of the block. The block 

covers an area of 308.65 km2
, having a total population of 1,71,508 individuals (males: 

87,945; females: 83.563). The total literacy rate is 4 t.59% (males: 51.85%; females: 

30.80%). The villages covered in course of the present study are located under 2 Gram 

Panchayets (village level local governing authorities) named Phansidewa Basgaon Kismat 

Gram Panchayet and Chathat Kismat Gram Panchayet. These Gram Panchayets covered an · 

area of 33.34 km2 and 49.91 km2 respectively. The names of the villages are Mahipal Jote. 

Kanti\ ita. Heragachl1. Balaigach. Bangagach. C'hakchaki. Sudamgachh and Chathat. The first 

S villages arc located under the Phansidewa Bas Gaon Kismat Gram Panchayet, while the 

last 3 villages are located under the Chathat Gram Panchayet. Each village had a Rajbanshi 

population of over 90.00%. The geographical position of study areas under Phansidewa 

block is shown in Figure 2.2. 

2.3 .. lfETIIOD OF S.1MPLING ~ND S/LHPLE SIZI:' 

The data tc1r the present study \\as systematically dravvn based upon three stages of 

sampling procedures to meet the study objectives. The data was recorded during the period 

fi-c.1m January 2009 to April 20 ll. 

In the tirst stage, 12 kaj banshi dominated villages \Sere identified and listed from the 

of1icial records ofthe respective Block and Gram Panchayets. These \illages were physically 

visited to ascertain the actual existence of Rajbanshi individuals. The villages were surveyed 

to explore the number of Rajbanshi families' vis-a-vis total number of families in each 

village. 
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Figure 2.1: Figure showing the geographical location ofDarjeeling district, West 

Bengal, India 
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Figure 2.2: Figure showing the geographic location of Phansidewa Block under Siliguri 

sub-division of Darjeeling district, West Bengal 
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Special attention was g1ven to those villages which were convenient for data 

collection. subjects' availability and easy communicability and accessibility, so that the 

actual sample size of the present study could be met. Finally the 8 villages mentioned above 

were selected for the study. The villages v,rere situated at a distance of about 15 km to ·20 km 

from the Phanside\va Block office. Phansiclewa. 

In the second stage. the selected \ i Uages \\ere surveyed to collect the data on 

anthropometric. demographic. socio-economic and lifestyle related factors. The selections of 
"-

the Rajbanshi individuals were done based on the surnames. physical characters and cultural 

practices. fhe ethnicity \Vas subsequently \ erified from the official records of the block and 

Gram Panchayets. Opinion of the · !age headmen \Vere a!so taken into 

non-Rajbanshi individuals \\ere simply c.\:c:luded fro!ll tht~ study. 

fhe anthropometric data \\ilS collected from adult male and female 

individuals aged between :20 years to ~9 ) ears usin~ simple random sampling methods. The 

data on demographic. socto-economic and lifestvle related htetors -vvas also collected from 

the same individuals and families. 

/\Jtcr v crification uf the initial information related to ethnicity and age. 1116 · 

Rajbanshi incli\idua!s (males: 674: femcdes: 442) vvere approached for taking part in the 

study. None of the females \\ere pregnant or lactating. The objectives of the present study 

\VCrC then explained them prior tO data collection. ()j" these ]J] () individuals. 8() of them 

(7.17%) refused to take any further part in the study. Hence, the tina! sample comprised of 

1036 adult Rajbanshi indiYidua!s (males: 620: females: 416) females) aged 20 years to 49 

years. Age of the individuals \vas collected from available official records. birth certificates 

and voter identity c~u·ds. ln!(mncd consent \\~lS taken from each Rajbanshi individual prior to 

collection of the data. 
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In the third stage, data related to the dietary aspects (food habit dietary intake and . 

nutrient consumption) were collected from some selective Rajbanshi households. For the 

collection of dietary intake data. the family was taken as a primary unit of the survey. The 

consumptions were calculated in terms of an individual's level for the assessment of dietary 

intake and nutrient consumption in order to evaluate nutritional status. The families were 

selected using a purposive random sampling method. The selected families were approached 

tor the data collection related to their food habits. dietary intake and nutrient consurnption. 

The purpose and objectives of the dietary survey and approximate time needed to complete 

the procedures and role oftheir participation vvere explained to the family members primarily 

selected tor the dietary survey. A Iota! uf 120 Rajbanshi families vvere selected for 

collection ur f()od habtts and assessment or dietary intakes. However. l8 of them (I 5%) 

disagreed to participate in the dietar) sur\ ey. So the sample f()r tht: dietary and nutrient 

intake e\ a!uation \\as l 02 t~1milies. The dietary survey was dont: using the 24-l-IR metnod. 

2.4. PJUJCHDl/RE\' OF JJA 7>t COLLlc'CTIO/V 

In order to achieve the objec uf the present study. standard procedures of data 

collection were taken into consideration to obtain data from the field situation. The data 

collection procedures are brid1y described beknv. 

2.4.1. DE.HOGRAI'H!C, .._)'OC/0-ECO!VO.'HJCAi\D LiFE SlYLE FACTOI?S 

To obtain the demographic. socic-econonlic and lifestyle factors of the Rajbanshi 

indi \ iduals. a pre-structured and pre-tested questionnaire are used. Validation of the 

questionnaire was done earlier to assess its reliability (lVlundal and Sen. 2010a. 2010b). The 

data on demographic. socio-economic and life-style related n1ctors were collected using pre

structured and pre-tested schedules at the titne of the dietary survey. 



2.4.1.1 Demographic variables 

The explanatory variables that summarize the demographic behavior of a population · 

are considered as demographic variables. In the present study both qualitative and 

quantitative variables were considered to assess their effects on nutritional status. The 

demographics variables examined were age, marital status, family size, dependent children 

and family type. The households were also classified according to per-capita monthly 

expenditure. Po\ erty was e\'aluated on the basis or family expenditure observed to be less 

than 80%) of the total !amity income. Based 011 the classilication provided by Chakraborty 

and Bharati (201 0), those in the < R0°/() of the family income \vas considered as 

expenditure" group and~. 80°;'0 of the hunily incmne as ·high expenditure' group. 

2.4.1.2. Socio-economic variables 

Th.: \ ariables \\hich rcllecl the social and economic status of any population or group 

are known as socio-economic variables. T h.:se variable:-; are important to the assessment of 

the nutri tiona! status and clletan intake. socio-economic variables utilized in the present 

study \verc education, occupation, family income, per-capita income and land holding 

pattern. The SFS or the population under stud; \\as subsequent); utilized using the modified 

scale of Kuppus\varni proposed by l\1ishra and Singh (200J) and Kumar er u!., (2007). The 

socio-economic scale has been described in Table 2.1. 

2.4. 1.3. L(f"e . .,zrle related variables 

The lifestyk \ariables han:: added i1li1uences on the nutritional status of an individual 

or population. The \ ariables recorded in the rrescnt study were sources of drinking water. 

toilet facility and house type. 
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Table 2.1: /(uppuswami socio-economic scale proposed by Mislira and Singh (2003) and 

Kumar et al., (2007) 

(A) Education 

1. Professional or Honours 

I Graduate or post graduate 

- - - -

3. Intermediate or post high school diploma 5 

4. High school certificate 4 

5. tv1idd!e school certificate 

- -

Primary school certiricate 2 

--

7. Illiterate 

(B) Occupation 

1. Professional 10 

1 Semi-professional 6 

3. ClericaL mvner and l~trmcr 

4. Skiiled \vorker 4 

5 Semi-skilled 

6. Unskilled worker 2 

7. Unemployment 

(C) lucome per month (in Rs.) (as mod{fied by Kumar et 

a!. 2007) 

1. 19. 575 > 12 

2. 9.788-19.574 10 

') 7.32J-9.787 6 _). 

4. ~U-;94-73 4 



Contd.: ((} Income per nwnth (in Rs.) (as modified by Score 

Kumar eta!. 2007) 

5. 2,936-4.893 J 

-" 

6. 980-2.935 2 

7. <979 

Socio-economic status Total score 

Upper(!) 26-29 

~·-- -·~ 

Upper-middle (II) 16-25 

Lower-middle (Ill) (Middle) 11-15 

Upper lmver (Lower) 10-5 

L li\'J;VG /iNTl/ROPOMh'lRIC 

Before obtaining the measurements full expl 

objective the present study were to the each and eYery individual. Subsequently 

a \ crbal consent \\as taken from them prior to taking the measmements. All the individuals 

not suffering any diseases at the time of recording the measurements. 

They were free from any physical ddtlrmily and abnormality. 

2.5.1 /JlVT/lROPOMI:TR!C !14I:>L\'UREMJ<.-'N1~\' RECORDED 

The anthropometric rneasuremenls were recorded following the standard techniques 

of 'vVeiner and Lourie (l98l )_Singh and Bhasin (1989) and Lee and Neiman (2005). Each 

measurement Vias taken tvvice and the mean recorded. The procedures of recording the 

measut·eme11 ts ar'-~ briefly en umcraled bclo\v: 
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2.5.1.1. Height 

Height of the individuals was measured with the help of anthropmeter rod (GPM 

type, Galaxy Informatics. New Delhi) to the nearest 0.1 ern. They were made to stand on a 

horizontal platform (plastic board) with th~ both heels together. The head was kept stretched 

upward to the fullest extent in the Frankfurt horizontal plane. The horizontal arm of the 

anthropometer was brought down lightly to touch the vertex. 

l.S. Weight 

Body weight of the · \Vas recorded a portable 

(LihratR\ Edr\·1-India. Tiswadi. Goa). The individuals vverc barefooted and wearing 
' "' . ' L.-

c at measureme11t. to nearest 

we a weight after weighing 15 

individuals. 

Arm Circumference (MUAC) 

on tvidual arm 

l t was CCll or acrom10n the olecranon process. 

The measurement points vvere marked and the measurements taken with the help 

of a Gulick measuring tape (CJala\.y lnfurmatics. Ne1v Delhi. india) to the nearest 1 mm. The 

measurement was recorded in such a way that the tape was touching the skin but not 

compressing the tissut'. 

2.5.1.4. Waist Circumference (W(] 

WC was measured between the lmvcrmost costal margin ofthe ribs ahd the iliac crest 

with the individual standing erect. The measurement was taken with the help of a Gulick 

measuring tape to the nearest ! mm. 



2.5.1.5. Hip Circun~ference (JIC) 

HC was measured as the maximum circumference or elevation of the buttocks with 

the individual standing erect with his feet placed togelher with the help of a Gulick 

measuring tape. The measurement was recorded to the nearest 1 mm. 

2.5.1.6. Skinfold measurement 

The skinfold measurements of biceps skinfold (BSF). triceps skinfold (TSF). sub

scapular skinfold (SSF) and supra-iliac ( S!SF) were measured using a skin fold caliper (GPM 

type Cat fl SFGPMT. Calaxy l Delhi. India) on the lett side of each 

individual to the nearest to 0.2 mm. A pressure of 10 mm2 was exerted during recording 

these measurements. 

ng measurement are described below: 

2.5.1.6.1. Biceps ,\'k.it~/(J/d (HSF) 

BSF \Vas in t m lc of upper arm betv,een the acrom10n and 

n1 \VaS at angles to 

m oC the was ly lifted otT 

the rnuscle about l em abel\ e the JillC. measurement v1as then recorded. 

2.5.1.6.2. Triceps ,\'k.infold (1SF) 

F vvas taken on the triceps at tt point marked l em above the midpoint between the 

the acromion and olecranon cibO\\ \Vets placed at ri angles to the 

middle of the upper ann and marked. !he· skin fold \\as pinched vertically and lifted ofT the 

muscle about 1 em abc)\ e the rnarked line. The measurement was then recorded. 

2.5.1.6.3. Sub-/.,'capular ,\'liinfold (SSI') 

SSF was measured under the ant,de uf the left scapula. The skinfold was kept vertical 

or pointing slight!) del\\ 11\\ards and oul\.vards. The skinfo!cl vvas pinched vertically ~nd the 

measurements \\as tdken zll>uut l Clll abu\ l' the marked point. 

,lx 



2. 5.1. 6.4. Supra iliac ,\'kinfold (SISI'J 

SISF was recorded on the superiority portion of the iliac crest directly on th'e mid-

auxiliary line slanting and directly on top of the iliac crest. The skinfold was pinched 

vertically and the measurement taken about l em above the marked point. 

2.5.2. TECHNICAL ERRORS OF MEASURE/'v!EVT 

The Technical Errors of f\!kasurement (TEMc ~(l:D2/2N), De difference between the 

measurements. N number of individuals measured J IS usually determined to check 

validity and reliability the anthropometric measurements !ijaszek and Kerr, 1 

and Mascie-Tay!or, 2007). For the calculation of intra-observer TE!'vt height 

F 

ividuals ). 111easurernents were taken thrice on 

the investigator. 0 (not 

(complete !y dderminec.L results of intra-observer and 

R value are U1 R ues ( ) \Vcre for the 

intra-observer analysis. All ues R were appreciably gher than the accepted 

cut-otl value of 0.05 as suggested Ulijaszek and Knr ( 1099). Hence, the recorded 

anthropornetric measurements were reliable and reproducible and the \Nere not 

incorporated for the further analysis. 

2.5.3. ASSES.\',HE\T OF :VlFIR!fJO,V'-lL Sl·l n FRO,H TilE A li!ROI'O.HElRIC HEASl 

The nutritional status of the 1 0]6 adult Rajbanshi indi\ iduals (males: 620: femles: 

416). in the age of 20 years to 49 years was assessed using standard anthropometric 

indicators and body composition indicators. These are described as follov,s: 

49 



2.5.3.1. Body Mass Index (BMJ) 

BMI is considered to be a suitable indicator to estimate the intensity of under-· 

nutrition or CED and over-nutrition (ovenveight and obesity) of an individual or a 

population. BMI has been calculated using the following standard equation of WHO ( 1995): 

R~ll (kg!n/) = lt'eigltt (kg)/ /Jeigltt2 (m2
) 

Nutntional status has been assessed using the internationally accepted BMI cut-off 

points as suggested by \VHO (WHO_ 1995) (Table 2.3). the screening 

different CED grades R l were used. Studies have indicated the BMI value < 

kg/m2 as the cut-off point to determine under-nutrition among different Indian and non-

Indian populations (.lames et 

1994: 

Nieman. 

ot 
'"' 

e1 .. :2006 a. c: Chakraborty 

el 

KhongsdieL 

WHO ( rnittee (\\ suggested the following classification of 

on Bi\1l amo adult (Table 2.4). 

2.5.3.2. Rohrer Index (Rl) 

Ruhrer index (Rl) vvas calculated lo assess bodv composition and nutritional 

status using the following equation: 

Rohrer index (Rl) (kg!nr') = fVeight (kg)/ lleight' (m 3
) 

2. 53.3. Waist-llip Ratio (H'/J R) 

The 'vVHR has been calculated usmg the measurements of \VC and HC using the 

following equation: 

WIIR == !Vaist circumference (em) I llip circumference (em). 

high \VI!!{ vvas ddined as >0.9 in males and >0.8 in females by Web et u!. (2002) 

and Huxley rr crl. (200~). T'hese cutoffs ctrc used to assess the amount or' higher regional 

among the individuals studied. 



Table 2.2: Table showing the results of Technical Errors of ~Jeasurement of the 

anthropometric measurements recorded in the present study 

----

Name of the il1easurenrent Intra--observer 

TEA-1 Coefficient of Reliability 

--

Weight 0.100 0.998 I 

I! eight 0.066 - -0 ~994 - -- -- --I 

0.066 0.997 1 

I 
1-VC 

!!C : ::: - - -- --I 
0.159 

BSF 

1~'-;'F 

- -~ 
---

0.999 

0.985 

0.138 

0.! 37 

---1 
I 0.999. 0.0 l2 

- ( 

-I 
J 

0.987 

Table · Cut-ofl points for as.•;essing nutritional status of adult individuals as 

spec[{ied by WIJO (1995) 

Categm:r - ' B/H/ value (kg/nO 

CED Grade Ill < 16.00 

CL'D Grade lJ 16.00-16.99 

CED Grade 1 < 17.00-18.49 

Normal 18.50- 24.99 

- -

Ovenveio/rt 
.~ ?: 25.00 -- 29.99 

Obese ?: 30.00 



Table 2.4: Classification ofCJ;,'J) based on BMlfor adult individuals as specified by WHO 

(1995) 

----~------·-··----- ---~-----·-·· - ---

Prevalence of CED 

Low prevalence 

-·-- -- .. -- ·- -- - ·-·- -- -----,---- ---- - -------~ 

Warni~g s1g11: S-9% o;:,:~::::;;:(::;~~Ml < i 8.50 ... -~~-~- I 
---··· 

Medium prevalence 

High prevalellce 

Poor situation: I 0-I 9% of p~pula lion will; JiM I <t8. 5o - - -- ! 
Serious situation: 20-39% ofpopulatiou witlz BMI < 18.50 I 

--·- -... ------ --~----- __ J 
Very lzigh prevalence Critical situation:?:_ 40% ofpopulation with BMI < 18.50 j 

-- -·-- __ . ___ j 

2.5.3.4. J·Vaist-Heigltt Ratio (WlltR) 

The WHtR was ca!cu!ated measurements of 

equation: 

JVais! (em) I height (em). 

A cut-otT ue o.:; was and (2 ) to assess higher level 

adi sexes. been [dated on the 

North c! ul .. ). present has used this c to assess 

adiposity the Raj · indi\id 

2. 5 Conici(r index (Cl) 

Cl \\as to assess bod~ composition lowing the 

equation Valdez ct ul. ( 1993 ): 

Cl := JVaist circwr~lerence (m) I 0.109 X -Y{Weigflt (kg) I lfeiglzt (m)}. 

2.5.3.6. 1Wid Upper ann circwnfereuce (MU/lC) 

Nutritional status \\as alsu bc,:n L'\aluated m the present study usmg the 

internationally accepted cut-orr puint~; ol f\ilUi\C. The individual values of MUAC found 

below 2~ em ami bclu\\ ::::: em were char-acterized as under-nutrition among the males and · 

es \ (Jamcsl'/u/ .. 199~i 



2.5.4. ASSESSMENT OF BOD>' COMPOS/710/\ 

2.5.4.1. Upper Arm Composition 

The upper arm composition of the individuals was evaluated in terms of total Upper 

Arm Area (TUA). Upper Arm Muscle Area (U MA), Upper Arm Fat Area (UFA) and Arm 

Fat Index (AFI). These indices were calculated using MUAC and TSF by the following 

equations of Frisancho ( 1974, 1981, 1989): 

TUA em::= (Nll!/1C) ::I (4 X lf) 

lfJHA~ cm2 = {MU!C- (1~\'FXlf)/:: I (4Xlf), 

UFA en/= TUA-UMA 

X 100 

10 ( l \Vere also 

Area (B <.HnOnf- the Raj male 

equations are as t\)llows: 

FE.l!llL 

2.5.4.2. /Jo{(J' Densi~p Assesstnent 

~ 10.0) 

(UMA --6. 

to assess 

indi The 

The body density of the Rajbanshi indi \ iduals was computed in order to assess PBF. 

The sum of fcnn skinfold thickness (e.g .. BSF. TSF. SSF. SiSF) were also utilized for 

. calculation of body density. Sex specific standard equations of Durnin and Womersely 

( 1974) \\ere utilized J(>r the purpose. lhcsc L'quations assurned a logarithmic relationship 

between obesit) or higher len:! of adiposity and sum of BSL TSF. SSF and SISF skinfolds 

among the individuals. These equations ha\c been validated in different Indian populations 

by Kuriyan e/ of ( !99R ). Dudeja er u!. ( 200 I). Das and Bose (2006) and Chakraborty and 

Bharati (:2010). The follcmi equatiuns ur Dumin and Womersely (1974) \\t:re utilized to 

assess the body density: 



Male bor(v densi(J' = 1.1765 - 0.0744 X fogl(J (BSF+1:"lF+SSF+SISF) 

Female body densi(y = 1.1567- 0.0717 X fog10 (BSF+TSF+SSF+SJSF) 

2.5.4.3. Assessment of PBF 

The following standard equation of Siri ( 1956) was used to assess PBF for both male 

and female Rajbansbi individuals in the present study. 

PBF = (4. 95 I Bor~)' Density- 4.50) x I 00 

The body density ues the Rajbanshi individuals \Vere used in the PBF equations 

after calculating them the Durnin and 'vVomersely equations (1974) given earlier. 

Several researchers have utilized Siri 's equation in order to estimate the bodv fat content in 

!Cll1 

Higher 

that were 

2006 ). 

to 

studies Dudeja eta!. (200 l ). Das and Bose · 

and i3harati lOb) may be cit,xL 

't\ were e\aluakd in terms of sex PBF cut off values 

and >3 m the females as 

!more. !990: t !ortobagyi (!{ . 1994) 

appropriate Indian \Dudcja e! o!., l: 

2.5.4.4. Assessment ofFal mass (FJH) and Fatfree mass (FF1~1) 

The body mass of both fal lllZtSS (F!\1) f'at free mass ( ) . 

equations of Van [la!Jie ct of. ( l 990) and Lckhardt c1 a!. (2003) have been utilized to assess 

the amount of FM and FFM among the Rajbanshi individuals. Se\ era! researchers have 

utilized these equations to assess the FM and FFM among different Indian populations (Das 

and Bose. 200(): Bhadra er ul. 2005a: Choudhury e/ ul.. 200(J ). The equations are as follows: 

Fat !'VIass (F~H) (kg)= (PBF/100) X Weight (kg) 

Fat Vree /J1ass (FFl1) (kg)= 1Veight (Kg)/ FJH (kg) 



2.5.4.5. Assessment of Fat mass index (FMI) and Fat free mass index (FJ·Ml) 

The indices of fat mass index (FMI) and fat free mass index (FFMI) were calculated 

from the equations of Van Ita! lie et al. (1990). The indices are given below: 

Fat Mass Index (ko/n/) = J·MI lleiaflf2 fm 2
) ' ~ b {~ 

Fat Free iHass Inde::..: (FFMI) (kg!nl) = FFMI Heighl (m2
) 

2.5.4.6. Assessment ofbor(l'fat-bo((r ma.'>s ratio (PBF!Bivll ratio) 

The percent of body fat-body mass ratio BF/BMl ratio) index vvas 

entluate the relationship bet\\een the mdices uf BM! and PBF in order to assess the 

composition the adult Rajbanshi i 

of Dudeja el (200 l) was used: 

!' r·or 

PBF/B,HI ratio= PBFI BMJ. 

ll) 11 alsu iu an l 

2.5.4. 7. ;b;sessment (~/status l~j'bm(rfatness 

Das and (2006). 

to 

\Verc classified according to the proportion in 

to assess status. For this purpose. age and sex classifications of Nieman 

( 1 ) and Lee and Nieman (:2005) were used Lu determine the fitness level (Table 2.5). 

2.5.4.8. Assessment of related ri\k.fitctor witll PBF 

The risk Ltctor associated \vith the PBF content arnong the individuals \Vas evaluated 

us1t1g the standard se:--; speci fie cut--on· \ alucs as proposed by Sodhi ( 1984 ). The cut-ofT 

values used ii._!r the assessment of related risk !actor \vith PBF is depicted in Table 2.6. 

2.5.4.9. Ca!culatiof! r~l d[fferent sliinf'old rafio5;, indices and measurements for assessing 

body composition 

Skinfold measurements can be utilized l'or the assessment of fat proportion and fat 

distribution in an indi\ idual ur pupulatiun so as to assess body composition. In the present 



study, several skinfold ratios, indices and measurements have been calculated to assess fat 

proportions and patterns, thereby assessing the body composition of the Rajbanshi 

individuals. The standard equations of Bose and Mascie-Taylor (2001) and Bose (2002) have 

been used to calculate the fat proportions. These equations are calculated the 4 subcutaneous 

skinfold measurements of BSF. TSF. SSF and SSIF. The follovving 14 ski.nfold ratios and 

indices have been calculated using the fo\lcming equations: 

1. ,\'um (?fj(mr skil~/(;/ds ('2__45;!\1'} = BSF+ 1~\'F+,\',\'F+,\'~\'/F 

2. ) ·4.SKF-BMJ ratio = (BSF+-J:\'V+}_,'SF+5)SIJ')i BliD 

3. Centnjwta/ Fat Ratio (CFU) '·' SSF/ (SSF+JSi') 

4. ,\'5,T-1:'l F ratio = ,\',\'F/ 1~\'F 

5. ..\'SF-R\'F ratio= 5i .. \'F/ B5;F 

6. 

7. ,\',\'1 F- T\'F ratio = 5;s·1 F 1 ISF 

8. JJSF-L-4 .. \'KF = B..\'Fi'[A .. \'KF 

9. 1~)'F-L,4 .. \'f(F =-· 1:\'F-'L4S'KF 

10. ,\'ST-'L45;J(F ... , 5,'SF-'i45)/(F 

I 1. 5;/,\'F-'iASl\F '·= S5U F-'i45)AF 

12. Log 111 'i4Sf( F = 

1() 



Table 2.5: Age and sex specific cut off value for the assessment of body fatness status after 

Nieman (1 995) 

Age Male 

(in years) Risky Excel/mt Good Risky 

19-24 10.8 14.9 

2S-29 12.8 16.5 20.3 

30-34 14.5 i :2 i .5 

--·--·-

35-39 16.1 21.0 

40-44 17.5 i 23.6 12.6 

45-49 18.6 

Table 2.6: ,Sex specific cuH~flvalw:s as'Jessmeni ofrelated 

Classification 

Lean 

Optimal k tul.::; 

l:; to 20 

Fat i 2! to 

Obese (Over fat) 

Female 

')- /' 
_).0 

27.3 

factor l'}'itll PBF after 

Female% 

< 13 

13 to 

24 to 27 

to 



2.6. ME11IODS OF DIETARY IN111KE liSSESSilrfENT 

Several methods have been used fu1· the estimation of dietary intake of individual or 

families. These include the direct weighing or foods consumed, food diary, general dietary 

history and 24-HR methods (Mojonnier and Hall 1968: Balogh et al. 1971; Gibson, 1990; 

Lee and Neiman, 2005). Food weighing is adequate only for small samples, food diaries may 

not shmv changes in dietary habits vvhlle s~neral dietary histories may be affected by recall 

bias. the best method that may be adopted is the ~4-HR method. 

Therefore. in order to assess the dictzH·y · the Raj m 

present study. the 24-HR method has been usecL i\ttempts have also been made to 

amounts of so as to nutrients 

vitamins ues Indian 

Gopalan ef u!. uswg 

not the usual or a\ et~tge 1 of" an individuaL it is more reliable for 

estimating over-

produces a · rh estimate (Carter el , 198!: Karvetti et 

a!.. 1985). Studies investigating the validity uf 24·HR recall tnethod have pointed to its 

acceptable levels of validity in most populcttioils (Kanetti e/ ul.. !985: Boeing el a!.: 1997; 

Buzzard. ! 998). I'v1oreover. this method ~tccep!abk levels of concurrent \alidity with 

weighed i(Jod records, dietary methud and ng el 1997). 

2.6.1. 24-IIR MEtHOD 

The '24-HR · rnethod using oral inlcrvic\\ vvas utilized to assess the dietary patterns. 

of the Rajbanshi individuals. The :24-HR 111ethod using oral interview has been considered 

reliable and feasible for recording food ami nutrient intakes of adult individuals by a number 

of researchers (Taskar et u!.. !967: Swami11:tth:m. 197! :. Carter er ul.. 1981: Sorenson. 1985: 

Karvetti and Kriets. 1985: Thimmayanmi~i illd 1\ctu. 2003 l. 



The food consumed by the indi\ iduals in the present study was assessed usmg 

standardized bowls, glasses, cups and plates as suggested by the NlN, Hyderabad SB as to 

estimate the appropriate amounts. As pointed out by Gibson ( 1990) and Ferguson et al. 

(1995 ), standard sets of bowls, glasses. cups and plates are provided to the individuals to help 

them visualize the amount or food consumed and weighing portions of salted replicas of 

vegetables and tubers. Hence. the actual amount of foods consumed by them could be 

ascertained. In some cases. the daily rm1 l()nd slutfs \Vere weighed to 

consumption quantity of \ariuus food items bv the indivtduals. 

The 24-HR dietary recall intervie\\ was conducted in 4 stages by using the standard 

11 
\' 11ll)d ). I 11 first a 

on the preceding day \Vere obtained by 

were recorded together \vith the time 

!n of cooking vessels in the family 

pots) \\as ot· the amounts of f(Jod items and 

\\ere obtained usu1g standard bowls, cups. glass and spoons. 

on the ingredients uf mixed di.shc-; consumed by the individuals was collected 

during the third stage. In the fourth and final stage of the dietary recall survey, the 

1on \Vas revte\\ to CI1SU!\~ that aU details 

2.6.1.1. Precautious Tal-;en JYIIile Using ]4-IJR Metliod 

As suggested by Thimmayarnm~1 ~u1d Rao (2003 ). the following precautions were 

taken into consideratiotl during the dietary c\ aluation: 

a) A thorough knO\\kc\ge or the loccd measurements, quantities used to prepare the 

food and methods uf preparation \h.'rc meticulously noted during data collection. 



b) The ingredients used in the preparation of the food stut1s and local diets preparations 

were precisely noted. 

c) In case of beverages. the amount ui'dilution was taken into consideration. 

d) Uses of the dense calorific foods such as cooking oils, hydrogenated fats, 'ghee' 

were noted carefully. 

e) In case of handmade preparation such as unicavened breads made from dough, 

standard of the ingredients such as dough was shown to estimate the 

approximate amount used durinil preparation. In some cases. dough samples were 

l_u assess exctcl amount utilized. 

f) The individual consumptions of diikrcnt tcJod items like bread. biscuits and cakes, 

h) 

2.6.2. 

nun of l'r~lclilllh ;slices) \\CI'l" takc11 in1o 

states certain t'ruits (c.,r;. f or dri ) were taken into consideration. 

meat 

sizes ctt 

'
[L 

or 

\\ilS in terms pieces and appropriate 

l. 1 q uanli ![cation the !ksh were done 

compan the sizes til staml:ii·clizcd sizes. 

\Tl!Al!IF !lOS OF li!F Foon STl FLS' COi\Stil.JED 

The quantiiication of the raw l(lud items and vegetables were estimated by showing 

replicas uf to assess the actual consumption or utilization 

for meal preparations. The metric vaiLtL'S ,)f cooked quantities of such preparations were 

calculated by using a set of standardi;_~;.~d cups. plall's, bo\vb and spoons of' varying sizes as 

recommended by NIN. Hyderabad. 

The quantity uf ra\\ fond ''as calculated by usmg the following formula of 

Thimmayamma a11d I<au (:2003 1: 



Tot~ quantiryr of raw food 
h1ilividu~ intake in terms of 
quantiryr of raw food 
consumed for each item 

used for each items Volume of the cooked food 

Tot~ volume of 
food items 

k d 
X consumed by the inilividuals 

coo e 

2.6.3. ASS'ESS,l!Et\'TOFDIEJ:c~RY f(L 

fication ol' l i!Ulrl n consumed 

u us 

ished by the ' ' (!( ell.. I ). nutritive intake each 

\VetS 011 \'l The 

lll li...TilJ:; oi" status 

ng l:-; \\llh the I<. I) ur ! 1ans ons as ICMR 

(199:2: 2000). The recommended hJoc! ami tiutrient \alues f(lr the both rnale and female adult 

Indian individuals are summ~trtzcd in Tables 2. 7 and 2.8 respecti\ ely. 

2. .r1S5ESSMES1' UF PHO !Eli\ .!.\DE\ IRL i·A!Jl:Ql A( ·r SJA JUS 

The protein allC! energy adequac\ slulLh or the individuals \\ere evaluated based on 

the indices proposed h:n the I ndi;:m adults the !Ci\!R ( !992) ami Reddy and Rao (2000). 

The protein and energy requirctiic:n cun cs are assumed to !ollmv the Gaussian 

distribution \Vith a coc!'ficiclll ul variation ui· 1 The Gaussian distribution has the property 

that the mean l 2 SD \\uuld c~l\Ct appn>\illi~ttely l)5% of the individual \alues \Vithin the 

distribution. If auv indi\ idual \ aluc \Vas ullscrvecl to be belovv mean 2 SD, the values· 

carmol be treated as lw\ ill~: occuncd c·!w!lcc. llc11Ce. an individual is considered to be 



consuming adequate energy (e.,~., calories) or protein if the intakes are equal to or greater 

than mean- 2 SD of the RDA tor the corresponding age, gender and activity level. 

Table 2. 7: RDA of d{fferentfood groups (gm/daJ) for the Indian adult population as 

recommended by Indian Council of Medical Research (IC'il1R, 2000) 

Food groups 1i-'1a!e Female 

.. 

Cereals 440 

Pulses and legumes 50 

100 

Other vegetables 70 40 

Root and Tubers 50 

!llilk am! Milk product 

il1eat and Flesh 30 

Nut and seeds 

Fat and oils 

Condiments 

Sugar 20 



Table 2.8: RDA of the different nutrientsfor lite Indian adult population as recommended 

by Indian Council ofMedical Researclz (ICMR, 2000). 

--~ -· - ----- --- -----~-~---

Nutrients !Hale Female 

-- - ·- ----- -·- . -- -·-----------

J:..'nergy (kca/) 2X75 2225 

- -- ·-----

Protein (gm) ()() 50 

Fat (r;tn} :20 20 

Calcium (mg) ~HJ() 400 

Iron (mg) lS 30 

-----

Vitamin-A (pg) (JOU 600 

Tlziccmin (mg) l.~ 1.1 

Ribofla j{) 1.3 

Niacin (mg) !X l4 

(mg) cjl) 

2.6.4. ASSESS'.HE\T OF PIW!EI.\ .lVD /:'\U((, l ,lf>E.Ql.!CT ,\'1>1 !CS 

protein and energy adu.JlWC) :~tus uf the individuals were e\ aluated based on 

the indices proposed for the Indian adults the JCMR (1992) and Reddy and Rao (2000). 

1l curves are assumed to Gaussian 

distribution \Vith a coefficient or variation ui l The Gaussian distribution has the property 

that the rnean r 2 SD \\Ould co\er appn;\irnaiely 9'1(~/;> or the individual yaJues within the 

distribution. If any individual value Wds ubserved to be beiO\\ mean 2 SD, the .values 

cannot be treated as having occurred by ch<mce. lienee. an individual is considered to be 

consuming adequate energy (eg. calories) m protein i!" the intakes arc equal to or greater 

than mean 2 SD of the RDA Cor tiK L\ilTL'SpOlldi age. gender and activity level. An 

i ndi' · is considered to be ccmsuming i' uate calories or proteins \Vhen the intake is 



Jess than mean· 2 SD of the JU)A. Thus. lilc cut-oJTs values of 2425 Kcal of energy and 46 

gm of the protein were taken to daily requirement of an individual (Reddy and Rao, 2000; 

Kumar et a!., 2005). Hence. if in a Rajballshi t~tmily. the per individual intake of energy and 

protein was found to be equal or more lhi.ui the lower to the -2 SD of the i·equirement, the 

individuals were considered to consu1nc· an inadequate amount of these nutrients (e,g,. 

protein and energy). The ctassificatio!i t't\cn by Reddy and Rao (2000) has been used to 

evaluate the protein and caloric status uflilL' r~aj · individuals (Table 2.9). 

Table 2.9: C!ass[fication based on the !'rotein and caloric of Redf(V and Rao (2000) 

CategOIJ'ICiassfficatioH 

protein adequa(y-calurie adequacy 

protein ruiequ{l(:r-calorie iuadequa()' 

proteiu inadeqtwc:r-caforie adequacy 

protein 

obtai nt:d in 

Index 

P+ 

P+ 

P-C+ 

P-C--

\ \\as statistically analyzed usmg statistical 

constants and relevant statisticcd tests. IIi'-' statistical were performed utilizing the 

Statistical Package fur Social Sciences (S!l\S: \ersiun 15.0). A p-value of<O.OS and <0.0! 

\·vas considered to be slatistic,dl) sigiJi!ic,ull 

l Ull:ti)sis \\as utili/u! ld assess the sex differences in socio-economic, 

demographic and li!C style rcl<llcd !~tCilii, (population size, education. occupation, family 

income. per capita income. t~1mih SilL'. ckpcndent children. family type. marital status. 



drinking water facility. toilet lacility, !:;I!dholding pattern, house pattern type, . soc1o

econon1.ic status, likelihood ratio and expenditures group). 

The anthropometric variables n:c,)rdecl have been described usmg descriptive 

statistics (mean :1 standard deviation). Sc.\ differences and age specific differences within 

sexes m the anthropometric variables V\ er'-' analysed using one-vvay analysis of variance 

(ANOVA). The Pearson correlation e•x rcient analysis vvas done to understand the 

association between the anthropometric \ Linear regression analysis was done to 

assess the dependency of the se.\.. ag.c and i:; \ ll un the amhropornetric variables. 

x2 analysis \Vas also done to ass'-·sc, l · S<:x differences in the anthropometric indices 

which are important in the assessmem ul· u:1der-nutrition and over-nutrition. x' analysis was 

into ." individuals. 

adds to or the dl \\ il li1C il uf are 

also uti to assess the sex clttlerencc·; ;1 ihc nutri incllces 

tion auci rcg1 ,,u l \1' )Stly measurements 

features 

was taken 

lS term 

vvas 

atcd to fatness, body 

the male and the 

female indi\ iduals. Til.._· dillcrcnc'-·s i11 lsi\l! f! FZ.. W!!tR \\ ith ITspcct to the different socio-

\\ere also using l analysis. 

/\ rnultinomial logistic regrcssJull :IJodd \\<lS fitted to estimak the odds of being 

affected bv under-nutritiun and u\er-nutJitiun in the categories of BML WHR and WHtR 

among the Rajbanshi individuals. fhe tw I \\ ith the calculation of corresponding adjusted 

odds (ORs) and cotllldcnce intcn~ti (('Is) \\as used to examine possible difference 

bel\veen the imli\idua!s dtc iit!l in tlh: '-~;i'-. (lr under-nutrition or over-nutrition. The 

predictor variables \\ere socio-'-·cot1omil:. Hl~.:raphic and life style related factors such as 

fJOpulatiOI1 size. 



dc;pendent children, family type, marital status, drinking water ·facility, toilet facility, 

landholding pattern, bouse pattern type. socio-economic status, likelihood ratio and 

expenditure groups. The multinomial rci!r~.:ssiun model allo\VS controlling effects of these 

variables to create dependency in sclccti 1 ~..:' \ ariables. Therefore, individuals affected by 

under-nutrition and over-nutrition were C<llcgorized dichotomously by using different sex· 

specific cut-offs points tor BIV!1 ( vVl:-10, i ). Wl-iR \WHO, 2000) and WHtR (Hsieh and 

Muto, 2004). The indi s \\ ith am lllitritional deficiency using a particular parameter 

such as BMJ and \Vith ovcr-!Jutrition alsu usini_! a particular parameter such as WHR and 

WHtR \Vere coded as l. The individuals uLs ... 'ncd tu be !lOnna! alld also abme the relevant 

nutritional nh\\L:rc 'SL' values Vd:re entered 111 the regression model 

as response 1\ \ arJ of actual ues. Similarly, 

model as sets 

dummy \ ariables. The rnultinon1ial 

to l 'l ,, fe 

occ Rs. Enn i l) 1 ncun 1c. dy SJZC. 

0-1 in dependent chi nuclear J~unil\ :n L11nih !il tal status. ovvn 

\Vel] or tube we!! in \Vulcr bcility. ·\cs· i1: L•Jilct l~tcility 2.5 acre in land holding 

bricked bouse type 111 use tv . mediun! i11 sucio--cconornic group mcome 

expenditure The lllulti · slic rc~.'.: ~'c;sloll nwdcl was separately for the male 

and the female imli\ iduuls. 

The descripti\·c statistics (mean ! s!~IIJc!<ird deviation) \">ere used to describe the data 

on the food and dictan intdke or tilL' !lUlL ~llld thc kma!e Rajbanshi indrviduals. Sex 

differences in diclarv intake and nutriCilt i;Jl~tk•: \\CIT done using i\NOV A. x_'- analysis was 

done to assess lhc se\: di!!t:renccs i1: pr\ltcin and caloric deticicncy and different 

COlllbinatiOllS 0!' jll'U[c:itH .. 'IIL' '\ llldillllllili,lii. \ !llllilillCllllid) JogisliC regresSiOn 

(J(J 



fitted to obtained odds values for inadequde consumption of caloric protein and protein-

energy deficiency among them. A multinomial regression analysis was also done to. assess 

the influence of socio-economic and demographic variables on the deficiency intake of 

caloric and protein-energy deficiency. The deliciency status was documented utilizing the 

cut-off values considered to be consuming inadequate calories or proteins when the intakes 

.were less than mean 2 SD of the RDA. based on the Gaussian distribution. The cut-offs 

values of 2425 Kcal of energy and 4(, gm ul" the protein were taken as the daily requirement 

of an individual (Reddy and Rao. 2000: Kumar e1 u/ __ 2005). The mdividuals deficient for 

energy, protein and protein ami caloric delicicncy were coded as ·o· and normal as ·1·. These 

were n regression 1w terrncd as durr1111.y 

va SOClO-

econom1c 1c include sex. ::gc. Luuih dcp~ndcnt children, education of 

head. income. of earning head. mo11l x;pendilure. nature occupation. per-capita 

the 

were used from 

used variables tor the multinomial rcgrcssiu1: ! includes male in sex. 4 years to 49 year 

in age. nuclear h1mily in bmily type. 4 > ;1\L'llll1LTS in t~u11ily size. 0-1 in d~pendent children. 

5 > standard education head !~nnii\. Rs. 6000> in fanHlv income. 3 2~ in ·family 

earning head and ks. in monthh cx;pc:tiditure group. 

(l7 



CHAPTER~III: · 

RESULTS 



HE._\'ULTS 

3.1. DEMOGRAPIIJC, :')YJC/0-l:'CONU\HCAND LIFE STYLE RELATED VARIABLES 

ANJONG 111E RA.IBANSJll INDIV!Dl trS 

3.1.1. POPULATION SIZE 

The age and sex distributions oi the Rajbanshi individuals in the present study are 

depicted in Table 3.1. ts silO\\ l J that 59. and 40. l of the individuals were 

males and females respccti\ \ (Figure J.l L The overall age 'fie distribution showed 

that mosl of the individuals belonged to ~ age group of 20-29 years (45.46%) followed by 

those in 

(;--go;;) }'"· , ) ._.).) o . ·tgure ·'· _ 

.8 "tf. ur till: " ,, 

c!istri \\as lll the 

40.15% 

iJ< ) and those m age group 

the sex spc. die distributions of the · 

cs to group. The 

age ( nwles: . 1 5 48°/ ') ' '--· . .;; 0 ' 

!D ie o Female 

59.85% 

Figure 3.1: Pie cit art showing these, distribution among the Rr~jbanslri individuals 
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3. · 11ar diagram showing ilk age and sex di;,tributiou among tlte Rajbanshi 

;it{/ i virlutt Is 

status among tilL ·han iincii\icl s1s 

results indicated that more than a firth l>i tl1c individuals were illiterate 

3.38% of them 1\\::n: graduates. ;\los! ui the individuals studit.cd up to the 

(56.95%). The rest ( 18. ) studied up lO pmnary di 

status according to sex siHJII s llwt a higlk!. proportion of the male individuals 

secondary education as curnparccl to tht.' females (60.! (J~/;] versus 52.16%). The results also 

shovved that a lO\\ proportion of the 1nalc and kmalc indi\~iduals completed graduation 

(4.84% versus 1.20'%). The distributior; o!' echrcational status is graphically displayed in 

Figure 3.3. Tlw sn:·lliSL' bi\llkup ul c:dtreutiumd status is depicted in Figure 3.4. Using 

analysis. the sex d i ll'erenccs \\ere obscn lobe sL!listica!l) signilicant (i-va!ue 27.59: cl.f. 

4; p<O.OJ ). 
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Figure 3.4: Bar diagram .'lliOtl'illg tlte se_\.--tPise education status anumg tile Rajbanshi 

i11dividuals 
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3.1.3. Occupational status 

The occupational status among the Rajbanshi individuals is presented in Table3.1. 

Cultivation and agricultural-related activities \vcre the main occupations of the individuals./\. 

majority of them were engaged in cultivation (39.96%) f()llovved by the 'others' (35.33%) 

and finally the daily labour calegories (:24. 71 ~()). The 'others' category included those male 

individuals who vvere engaged in srnall businesses and service. and females who were 

engaged as housevvivcs. Daily labour \V~h practiced in the agriculturaL tea gardens. w~ge 

skilled labour sectors. It \Vas · ty o !. the males were engaged in 

(52.58%). Similady. majority ol" the females \\ 1-.:re engaged in household work (64.42%). A 

vverc H1 or ( 15.81 

The results further 

indicated '. 11Si11 \vhile 

tr 

() 

\\ere imol Ill }j activities. Using analysis. it vvas 

ll1 status -value 

d.f. 3: p·<O.O l ). 

~01 Male CJ Female CJ Total 
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Figure 3.5: Bar diagram sltowilfg the occupationai ,\latus among the Rajbanshi 

imiividuals 
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3.1.4. Month~y fami(l' income 

The distribution of monthly family income among the Rajbanshi individuals is 

presented in Table 3.1. lbe mean income \vas 1\s. 5596.13. Most of the individuals belonged 

to the Rs. 4001- Rs. 6000 income category (45.17%). followed by up to Rs. 4000 income 

category (33.4%) and finally the >Rs. 6000 income category (21.43%). The sex specific 

breakup monthh Lunily income showed the highest incidence of males and females 

belonged to the Rs. (;000 itlcome versus The 

incidence v\as in the wcomc 2l.6l females: 21.1 

lS ical!y represented in€Figure 3.6. ihcrc \\as no statistically signiiicant sex 

in monthly farnily income -\<due .. 7: eLf , 

o u pto Rs. 4000 llili Rs. 4001-6000 

50 46.45 

45 43.27 

40 

(/) 35 
(l) 

Ol 30 
C'll .... 

25 c 
(l) 
u 20 '-
(l) 
u.. "15 

10 
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0 
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\ 
I· 

I"] Rs. >6000 

45.17 

Total 

Figure 3. 6: Bar diagram .'llwwing the monthly fami~r income among the Rajbanshi 

indivic!i:als 



3.1.5. Per capita income 

The distribution of per capita income arnong the Kajbanshi individuals is depicted in 

Table 3.1. The overall mean and standard deviation of per capita income is Rs.ll36.39 J: 

595.15. The highest number or il1dividuals colllprise the Rs. 70 1-Rs. 1400 category (61.29%) 

followed by the> Rs. 1400 category (:20.85%) :md finally up to the Rs. 700 income category 

(17.86%). The mnioritv of the males and the females belonged to the Rs. 701-Rs. 1400 

income group ( 66.1 est incidences \Vere observed in the category 

of up to Rs. 700 (males: 1 S.l · kn1iilcs: ::: l S8°1o). The data is represented graphically in 

Figure 7. Using in per capita income was statistically 

signi fie ant --value \5.57: eLL 1:. ) . 

1J) 
(J) 
O'l 
ro 

+-' 
c 
(J) 

~ 
(J) 
0.. 

70 

60 
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40 

30 

20 

10 

0 

l:::::l Male illl Female u Total 

Upto Rs. 700 Rs. 701-1400 Rs. >1400 

Per capita income (Rupees) 

Figure 3. 7: Bar diligraiil ;,howing the per capita income among the Rajbanshi individuals 

3.1.6. Family size 

The mean and slaiid trd deviation u!' rin;;ilv size 111 the present study is 5.26 + 1.69. 

The age and se\ dislribuLio11 oi·l~unih si1c are ~;l1Uwn in Table 3.1. The results indicated that 

most 

number of 

1:.; lilc :;1:nil; ~i1~..· o!· "-6 mciHbers (49.23%) (Figure 3.8). The 

'7 
. I of the 



males and the females<belonged to the t~unily size of 5-6 members (50.65% versus 47.12%) 

(Figure 3.9). Using t' analysis. the sex differeuce in the distribution of family size b_etween 

the male and the female indi\ icluals vv·as stat! teal!; insignificant Cx2 -value" 4.07; d.f. 4; 

p>O.OS). 

L:J Upto 4 o 5 to 6 D 7 to 8 0 ~9 

Figure 3.8: si;o among the Rajbansfli individuals 
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12.7414.18 

10 S.48 3.61 
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Upto 4 5to6 7 to 8 ~9 

Family size 

F(gure 3. 9: Bar diugnun .'.fum•iug the 'n-;vise !Jreal; up off'ami(l' size among tlte 

Raj/){utsiti iudividua!s 

~: 1 



3. 1. 7. Dependent children ' 

Table 3.1 shows the age and sex distribution of the number of dependent children 

among the Rajbanshi individuals in tlw present study. The mean and standard deviatioH of the 

total number of dependent children V\ere 2.03 ' ! .:28. The results indicated that most of the 

dependent children were !\)und in tile ·o-1· category (35.62%). The least number of 

dependent children \Vas observed in the ·:::~4' cak:)J,Ory ( 11.49% ). The categories of '2 · and '3' 

dependent children sho\\l:d m era!! i 1 H.: idcncc-. u 1· 3:2 .l and 20.75% respectively. The 

comparative evaluatiou ol'tL,: sex speci!lc disltibution in the number of dependent children is 

depicted in Figure 3.10. Tik· se\ spccilic stri ·un showed that the males had the highest 

prevalence in the ·:r c~;tq.tnr\ (_]-! ) \\hilc the females had the highest incidence in the ·o-
1. 
I 7. '\ difkrencc in th~ distribution of dependent 

was '-value ).4~{: cl.f. p>OJ)S). 

D 0 1 CJ 2 D 3 CJ 2:4 

100% 

80% 

60% 

40% 

20% 

0% 

Male Female Total 

Figure 3.10: Co!unw cliart diagnuu .'>iunving tfze sex-J~'ise distribution of dependent 

citiidren amu;w lite i<uibtmslti individuals ,-;_ ,, 

/> 



3.1.8. Family type 

The age and sex distribution o!' farnilv types among the Rajbanshi individuals are 

shown in Table 3.1. lt is evident that most of the individuals belonged to the nuclear family 

(72.20%) followed by the _joint/extended Cllle (27.RO(Yo) (Figure 3.11). The sex-wise breakup 

showed that 72.1 0~'0 and .3()0
·;.) of t!H..: male ai1d Jcmale individuals belonged to the nuclear 

family respectively. The rest ::'lJ. ()l)~;, ~mwng tile mules and 27.64(% among the females 

belonged to the joi analysis. the sex difference 

distribution family size \\as statistic<.iliy nut significant -value O.OL d.f. · p>O.OS). 

EJ Nuclear o Joitoed/t:xtended I 
I 
' 

3.1 J • Pie eli art 1h the (hstribwioll ujfami(r types among tire Rajbanshi 

iil {/ i l!itf iitll.\' 

1.3. 9. ft-1arital s·tatus 

The intormatiotl 011 tiJ:mtal st<nus ~unu1L the Rajbanshi individuals is presented m 

Table 3.1. The majurit~ lli" ti1c imli\idu,ds \\L'il. rmrried (70.08?/cl), followed by unmarried 

(26.93%) and finally tlt~· 11idu1\ and \iidoi\t:l i=.'.CJlJf%). Must of the males and the females 

\\'ere married (70.6Y!u 1nsw; (JlJ.23%.r (Figure 3.12). The sex specific distribution further 

depicted that 28.7! 0'{, iilld .. 'S 0
" oi" i · lll<tl~.e', ~111d the tl:nwles were unmarried. Very fevv of 

COlllpl"l 



m the distribution of maritd! status \\~!S statistically significant (X2 -value-'"' 30.31; d.f. 3; 

p<O.Ol ). 

o Maie o Female !liD Total 

80 

70 

60 
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:L.. 

30 (]) 

0.. 

20 

10 
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Figure 3. · Bar ,{wwiug Ifte mariw! status 1/ze Rajballshi individuals 

3.1.10. Drinking waterji£ciiitr 

llii the prcs:.._·:ic:c ui .. :,·i:;king water htcilitics among the R<~jbanshi 

individuals is lC iu Table 3. f. l llldju;·i\\ the i1Klividuals had their own wells or 

tube wells as \\<Jlc1· were usmg public or 

shared drinking \\atn ruc!liti:__·c.;. \n1un:• liK' 11\~>ks. 5.BJ<% had their ovvn wells or tube wells. 

v,hereas 92.31'>0 uf the.· iciLLik ittd~liciu~i\s kid liLir U\Vll \Vetls or tube vvc!L The usage of 

public or shared dri11ki1 11 :~t<..:r Cacll it;,_.-:; 11 as · .. Uiliparatin.:ly lO\Y (rnales: 24.19%. females: 

7.96Slo) (Figure 3./3) t .·""' x' anal; ic:, tltt: ,,_.,; difkrcncc in the distributions of drinking 

\·Vater t~lcilitics \\a:-: -+6.81: cl.f. 2: p<O.Ol). 



82.43 

19 
1'7.57 

7.69 

Fernale Total 

the Rajbaushi 

L I 1. Toiletjiu'ifiiies 

3.1 ) \\ " the · mdiyiduals. 

access to toilet i lit ic, LltC l i\iduab (males: 41.61%: females: 

58.41%) had no access ld Luik'l l~tciliti> \F re 3.14). Ill'-· sex difference in distribution of 

toilet facilities was u lU Sli!Li ic.~tih <t-:'ni!icant ( -value 28.lcl-: d.f. · p<O.Ol). 

3.1. Landholding 

The nature c)r !<.ajbcwshi individuals is shown in Table 

acres of the land. The pallUil is grapl1i'--·zllh rcr,rcsented 111 Figure 3.15. The comparative 

' . \ . d l: l: \ l l) 0 and 87.26(Yo or the males and 

females had 

female indi\ iclua!s sex di !Terence in land holding 

pattern \\as stat ll\ i i 1 , 11 i clllt ( , , d l,. · i '; ~-;: c1. r ., · 05) 
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48.36% 

51.64% 

3. 
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< 2.5 acres >2.5 acres 

10.71% 

89.29% _j 
Figure 3.15: Pie clw rf ,;,/ru ~<'ing tit e Ia u d iwld!ng fiil tterm a mung tl1e Rajbanslzi individuals 
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3. 1. House (l'pe 

house 

!D Male 0 Female 

< 2.5 acres >2.5 acres 

land holding Pattern 

slwwin,<; the fandiwldiug pattern among tile Rajbanshi 

m ' is dcp in Table 3.1. The majority of 

0 

the indi\ iduals had hili- · ·keel type lil' lFiUSc:~ (7"d ') and thc rest 24.61% · the 

individuals had bric iHlli ... c_·s (Figur~' 3. I J. lt !iccds to he mentioned here that the entire 

ty Among the males, 

26.29<% had a br1cked l1uthc 1) pc. \\ liik l!L.: pl·rcentagc \Vas 22.1 among the females . 

. , 
Utilizing x· analysis. lLc Sl:.', Jiffcrcncc i:1 ilut:':c p~1ttern types \\as statistically not significant 

' ~- :l . (x~-\alue 2.YL c .!.2: U5 ). 

3.1.14. ,~'ocio-economic status (,\'/<.,'S') 

Kuppus\vami propuscd b\ :..;itlgh at1d \lisl1:~: (20ti-;) and rnodifiecl by Kumar et al. (20070. 

) and the rest to the medium 



socio-econot11ic group (37.2C)~Io) (l"(!Jlii.i! 3~18). >June of then1 con1prised the upper socto-

econom1c group. A tolai ol 53.39% of lhe ilLllcs ~illd 86. n(Yo of the females belonged to the 

medium and lovver sociu-ecunomic group rt·spcctively (Figure 3.19). Using x2 analysis, the 

SeX difference in SOClU<CUildilllC status \\ JS -;!:tltsLicaJlv significant (t' -value 171.81; d.f. 2; 

p<O.O 1 ). 

L"J Non-bricked 

Figure 17: Pie dwrt ~ftmPillg tfte hu;iY<' li[n:S among the Rajbanslli individuals 

-----------------------·-·------·-----------------------, 

D Lovver :·: fV£ediurn 

---·------··-- ·-·- -·----· ------·---------

Figure 3.18: Pie cliart ',fw;•iug tile su,·iii-C< ,;,iOiiiic slatw anumg the Rajban\·lli individuals 
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3.1. Likelihood 

The likelihood ratio \\~c. ,., ::i 

that 

c: !V1ale C1 F \:male 

er Med!u!n 

is an.:' presented in Table 3.1. 

u:--;iJ <cik _,:· SO!Ii ct ui. (2008 ). The results indicated 

lu\\ to medium and high likelihood 

hi os in the low to 

medium groups (()3_7\uo \'-.T.;us (l.2tJ~' 1 ,,)_ ti\L' ·Iii !ikL·lihchlll' ratio was observed among 

36.29% uf the tmdcs ;u td 1 ~1 ( \ll.lh'-· k1n::k·:--. (i"igure 3.20)_ x' analysis was used to assess 

:atius. i he dif!Crences \vas observed to be 

Statistically llOL StgtJiJ\c:t:ll \ i \ UiUL' (i if:~/: :.i j ~,- _())). 



3.1.16. Expenditure groups 

Table 3.1 depicts the distribution ,,f npenditure groups among the Rajbanshi 

individuals. The scale u!· t 'hakr:::thOrl\ and Bl1~u;tti (20 lOa. 20 lOb) has been utilized to 

classify the expenditure ~ruups. TiL n.:suiiS i::dicate that 54.54% and 45.46% of the 

individuals belonged U the high and lci\V t!KOll1l' '='-roups respectively (Figure 3.21). It was 

also seen that 55. 

expenditure group. lh<: Lm e.x ilu:·L· g; uup comprised of the males 

46.63% of the tema!cs (Fi,:;nre 3.22) t in the · stribution 

groups was observed tu · .... l·s-·t-!c·tll\ ....... ;,, .. ·~·~c .. 'lt 'x:' ··tiLt'' (J' ~o.:;. cit' 7- jJ<O 05) ,'!t~ll '· t,_. ~ li 1,Jl .Jl~;[ ll ~il \- -\ l \..- .J(.)_J ~ •. • ~- • - • 
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Figure 3.20: Bar diti,~i·um slwwiu,::, the Ji;tribution of'lik.elilwod ratios among the 
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Table 3.1. Demographic, sucio-ecuiwmic pu~fiie and lffes(vle related factors among the 

Rajbanshi individuals 

-- ---·-----··--·· 

J'Vi a! es Females Total 

Variable (:\'=620) (N=416) (N=!036) 

Age 20-2Y '].72 199 471 

(in years) (-13.87) (47.84) (45.46) 

- -----

ll-\9 l l l 300 

\l0.48) (26.68) (28.96) 

4U-4iJ 159 106 265 

i ~~ .65) (25.58) \ 

10·1 ll 7 

(! 6.7 . 13) 

-- ·-- ---------

113 77 190 

(! 8.2.l) (ltL:'il) (18.34) 

~ 217 -@-590. 
) 

\(10.16) (52.1 6) (56.95) 

-···-

30 5 35 

(-+.84) ( 1.20) (3.38) 

-----

Occupation ]2() 88 414 

(::;2.58) (21 15) (39.96) 

l9CJ 60 256 

(>tgriculfurail '{e{i gorrlen; ( ; l.(J l ) ( 14.42) (24.71) 

n 268 366 

i I 5.81) (64.42) C' r '") '"') .:l) ... Ll 



··-- -·~----------·--

Monthly fanzily Up to !J: 400() !98 148 346 IL"t-

income (in UL94) ('"' ') -8) ,.J- .) (33.4D) 

"" -~----~--

Rupees) Rs . .-j{j(}f - Rs. ::iEhii 288 180 468 UiiUtl 

;46.45) (43.27) (45.17) 

----~-------

>R>. (;()ijt) 134 ~8 222 

( 2!.61) (21. 15) (2!.43) 

--·--- -----

Per-capita Up lii f(,_ 700 94 91 185 

uzcome I !5.16) (21.88) (17.86) I 

------
(in Rupee:-.) R.-.·. ?1Jf-i{.1~ 14tJU 4!0 635 

(Cl6.1J) (54.09) (61.29) 

> i 4i"/f} l l () 216 

1.18.71) (20.85) 

Family size Sc4 339 

\ il.J:)) (35.! 0) 

----- ---------
5-{; Jl4 196 510 

;50.CJ5) (47.12) 

7-8 79 59 138 

• 1 ") ( 14.! 8) ( "") 

l i ·-- -'· 

> J4 l 5 

\5.48) (3.61) 

Dependent 0-1 } 1 _, 1 158 369 

children \J4.()J) (37.98) (35.62) 

2 211 120 '")')') 

.).)_) 

\ :~--~-.~~)) (28.85) (32.1 

) 1 ., ") 1)3 215 .) l.l~ 



( 21.29) 
. ---·· -----------~-----

(19.95) I c2o.7s) 

?_4 
---
64 - 55- ----+-- 119 

(I 0.32) (13.22) ( 11.49) 

~" ··-

Family tpe ~I • 

1'' ul·:eiir 447 301 748 

;72.10) (72.36) (72.20) 

1 73 ll 5 288 

: 27.')()) (27.64) (27.80) 

Marital status 101 279 

(2/).71 J 

Jl1ar;-·ietl 43X 288 726 

\ 70. 

iVidtm' 04 27 31 

(0. 9) 

Drinking water Owii 384 

facility (92.31) 

a red l5U 

(7.69) (17.57) 

Toiletfacili(r 

( 56.3lJ) (41.59) 1.64) 

No 258 243 501 

(58.41) (48.36) 

---

Landholding 562 363 925 

pattern (87.26) (89.29) 

ll! 

(12 Jc-t) (10.71) 



------ ---·-- ---··· 

House type 

I S~ci~~ec~nomic 
I status 

I 

I_ ---
1 Likelihood 
i 

I 

I Ratio 

I 
I 

I 
I ~~ /' 
1 :xpenr, lfure 
i 
I Group 

I __ - ... 

iVun-bricf;ed 

Lower group 

rtt{.tJ 

/ i i 
\ .f i 

Values in parenthe.\iY wdi< utes Jh'rcc niagev 

) 

163 

(26.29) 

457 

(73.71) 

-

289 

(46.6!) 

'~l 
.) _) ' 

(53.39) 

( 36.29) 

.71) 

!55.\:2) 

277 

92 255 

(22.12) (24.61) 

- -~ -··--· 

324 781 

(77 .88) (75.39) 

361 650 

(86. 78) (62.74) 

-----

55 386 

( 13 ) (37.26) 

379 

(3 7.02) (36.58) 

(53.3 

194 471 

( 46 63) ( 45.46) 



3.2. ASSE\'SMEJVT OF NUTRITIONAL STATUS USING ANTHROPOMETRY AND 

BODY COMPOSI110N CHARACTERISTICS 

3.2.1. General descriptive statistics of age and the anthropometric variables 

The descriptive statistics (mean ±Sl)) of the age and the anthropometric variables 

recorded in the present study are presented in Table 3.2. The measurements recorded were 

weight, height MUAC WC, HC, BSF, TSF, SSF and SISF. 

The results showed the mean age to be higher among the males than females (32.36 ± 

9.56 years versus 31.24 ± 10.21 years). The results further indicated the mean weight, height. 

MUAC and WC were found to be considerably higher among the male individuals when 

female individuals. The mean values of weight and height were observed 

to be kg and 1 .!3 t 5.65 em males and 46.20 ± 7.58 150.03 ± 5 

em for the circumference measurements. the mean values of MUAC and 

\Vere the males .59± 1.28 em and 73.67 ± 57 as to 

( 22.49 :+: 2 em 72.18 :t 6.89 em). The mean vvas to 

among females ( 84 ± 6.29 em) when compared with the males (83 

ern). The adiposity measurements of BSF, TSF. SSF and SISF were higher 

the female individucils. 

The sex differences in \ ariables were lizing 

results arc shov,n in Table 3.2. T'here V\ere statistically sex differences in weight (F ratio: 

248.38: c!.f. Ll035; p<O.OJ). height (F ratio: 1181.67; d.f. !J035: p<O.Ol), MUAC (F ratio: 

109.65; d.f. LJ035: p<O.OI). WC (F ratio: 12.38; d.f. 1,1035; p<O.Ol), HC (F ratio: 14.20; 

d.f. l.l 035: p<O.O l ). BSF (F ratio: 128.03; d.f. 1.1 035; p<O.O 1 ), TSF (F ratio: 206.23:. d.f. 

1.1035: p<O.Ol L SSF (F ratio: l 17.1 l: d.f. Ll035: p<O.OI) and SJSF (F ratio: 73.40: d.f. 

i, I OJ5; p<O.O I). The on!) exception was observed in age where the difference vvas 

stat is ly not si 'licant o· : J.2(l: d.f Ll035: p>0.05). 



Table 3.2. Descriptive statistics (mean ±SD) of age and anthropometric variables among 

Variable 

-· -·· 

Age (year) 

Weight (kg) 

lleight (em) 

MUAC (em) 

we (em) 

IIC 

K\'F (mm) 

(mm) 

(mm) 

the Rajbanshi individuals 

- - -· 

Male (N=620) 

32.36 ± 9.56 

53.43 ± 6.98 

162.13±5.65 

23.59 ±1.28 

73.67 ±6.57 

5 

3.37±0.86 

5 J 1.36 

7 ~L 

··-------------------------·- . ----l·--·· ------------- --·-- ---------- ----

---· 

46.20 ± 7.58 248.38 l, I 035 0.000 

150.03 ± 5.42 1181.67 l. 1035 -~-. 6.66()"-1 
I I 

-1 ---~ L 1035 I 0.000 I 
I I 

:: ;o~;l:~~~ 
22.49 ± 2.07 

I 

I 
109.65 

72.18 ± 6.89 12.38 

± 6.29 !4. 

L 1035 I 0.000 -j 

~. 1 s 1 

17 ± 1.42 128.03 

-; 
I 0 +-

10.83 ± 3.83 l 17.1 I 1.! 1 o.ooo 
I 

1 ± 2 96 73.40 
! 

L 1035 I 
I • 

L 

3.2.2. Age :;,pec~fic descriptive statistics of age and the anthropometric variables 

Thc and se:\ specific descriptive statistics (mean ±SD) of age and the 

anthropometric \ ariables among the male and the female Rajbanshi individuals are depicted 

in Table variations in anthropometric variables among them were found to be 

strongly associated with the age groups (20-29 years; 30-39 years; 40-49 years). Among the 

males, the age speciJic mear1 values of weight height. TSF, SSF and SSIF were obsen·ed to 

be highest in the age group or 20-29 years. The mean \alue of MUAC was the highest in the 

age group of 30-\9 years, \Vhereas, WC. HC and BSF were the greatest in the age group of 

40-49 years, Females e:.:hibitcd higher mean values in the age group of 20-29 ye:J.rs only in 

respect to \\eight and v\'C. The mean height MUAC l:IC, 13SF, TSF and SSIF were observed 

upol y::ars. 



Table 3.3. Descriptive statistics (mean ±SD) l~jage and the anthropometric variables anwng tile Rc~jbanshi individuals 
------ ------, -~~------------_ -------------------~--------~------~-----------~--

1 Males (N=620) i Females (N=416) ----, 
I 

Varia/de F T t~.T---~---?--T-2ri~9~v~~;;:--~--3o~39)~-;~~~~--l 40-49 
I - I i 

ratio ! value i 99) i (N=Jll) I (N=J06) 

-in +2~610-lci~o~st---48~08--- : 43_---1 45.28 113.53 !2,415! o.ooo 
1 

20-29 years 30-39 years 40-49 

272) (N=J89) (iV=l59) 

(ko) 
- " 53.89 )3.84 52_13 

F p d:f 

! II 

-_-79 -8('' ' I ' -877 1 "'-'~ ~). - . H ! I I - . I "-),L.1 

162.60 162.16 1h1.29 2.ii-;i6l(;To:C!c-;-;s-;------iso-.1-5----t--1-493_8 _____ t 150.47 I 1.19 12,4151 oJo51 Height em) 

:=7.0 1 

=5.72 =5.!7 =6.00 ::;::5.32 
I 

HlAC m) 23.59 23.68 23.45 1.48 22.97 22.13 21.98 

±1.82 

1 o.79 1 2,415 1 o.ooo 

IVC (em) 

=1.28 :c:1.25 

72.74 

:c:6.09 

74.05 

:c:6.17 

=1.3: 

74.83 

=7.58 

-- •.12 ± 1.8J 

5.58 I 19 0.004 ~2.02 II 3.06 2,415 I 0.048 

-'-7.51 I 
72.95 

:c:6.72 

70.96 

±6.43 

::±:5 .54 ±5.59 =5.86 

l/c(~~u;_t_ 83.28 j 83.61 -~ 83.83 t-o~s1---~----19f6~99·t----s-~~35 -t--s:r42--l s6.57 14.94 2,4151 o.oos 

±6.04 . 1 I 

4.43 5. 79 i 2,4151 0.0031 
::':6.35 ±6.18 

~-----~ ··--------~·-~-\-- --~-~--+-------------1~~-~---------·1-

BSF (mm) 
') -,-, 
_1 ,_1 _) 3.36 3.45 3.93 0.99 I i9f ().371 4.36 

±0.78 ::'::0.81 =l.OJ :c:l.24 ±1.35 
i 

TSF 5.37 I 5.28 5.55 1.77 l !910.171 6.38 7.53 

= 1.09 =1.25 =1.79 I = 1.70 ::t:2.38 
I 

SSF (mm) 8.79 8.47 8.69 90 2.61 q 0.407 10.44 l 0.75 

:c:2.22 =2.78 =2.95 - '.38 =3.80 
• 

SISF (mm) 7.86 7.67 7.9s o.s4 2.619 o.58l T 9.42 8.92 

±2.60 :=2.86 ::3.27 I i =2.76 I ±2.71 
· I - I 

91 

± 1.69 I I I l 

11.64 

=4.50 

9.92 

3.46 2,415 I 0.032 

1s I 2,415 1 o.o44 



The differences in the variables between the age groups were evaluated usmg 

ANOVA (Table 3.3). In case of the males. the differences in weight (F ratio: 3.72; d.f. 2, 619; 

p<0.05) and WC (F ratio: 5.58: d.f. L 619: p<O.O 1) were observed to be statistically 

significant. However, the differences in height (F ratio: 2. 72; d.f. 2, 619; p>0.05), MUAC (F 

ratio: 1.48; d. f. 2, 619: p>0.05), HC (F ratio: 0.5 L d.f. 2, 619: p>0.05), BSF (F ratio: 0.99; 

d 619; p>0.05). TSF (F ratio: 1.77; d.f. 2, 619: p>0.05), SSF (F ratio: 0.90, d.f 2. 619: 

p>0.05) and SISF (f ratio: 0.54: d.f. 2. 619: p>0.05) vvere statistically not significant. The 

differences were statistically significant in almost all the anthropometric variables am~:mg the 

females. ratios were 13 415: l) vveighL l 0. .f 2. 415; p<O.Ol) 

for MUAC. 3.06 (d.[ 415: p<O.OS) for WC 3.06: (d.f. 2. 415: p<0.05) for HC 5.79 (d.f. 

415: . 2. 415: 1 ) .. 2. 415: F 

and 3.46 (d 2. 415; p<0.05) SISF. The F ratio was statistical ms1gm m case 

1.1 2. 415: 

statistics t?lderived nutritional indices and bo{(V composition variables 

The descriptive statistics (mean ±SD) of the derived nutritional status and 

cornposition variables among the Rajbanshi individuals are depicted in Table 3.4 The mean 

BMI values were slightly higher among the females (20.50 ± 3.06 ) as to 

(20.3! mean R! \Vere to ll 

females (I i .(J9 + 2.1 3 kg/m3
) than the males ( !2.54 ± 1.53 kg/rn\ However. the male 

individuals had higher mean values of WHR, TUA, UMA. BFMA, FFM and FFiVll than the 

females. In case of the nutritional and body composition variables of WHtR, CL UFA.. AFl%, 

PBF%), FfvL FMI and PBF-B!\1[ ratio. mean values were higher among the females than the 

males. The mean \ alues were observed to be hif!:her o.mono the females than the males in the 
L D 

variables of body fat ( UFA, AF PB F"./1 and FiVIl). The \ari 



muscle proportions (TUA UMA, BFMA, FFM and FFMI) were observed to be. higher 

among the males when compared with the females. 

The sex differences in the derived nutritional indices and body composition variables 

were evaluated using ANOVA and the results shown in Table 3.4. There were statistically 

significant sex differences in most of the indices and variables. These included the Rr (F 

ratio: 101.19: d.f. L1035: p<O.Ol). WHR (F ratio: 82.04; d.f. 1.1035; p<O.Ol\ WHtR (F 

ratio: 94.78: eLf Ll035: p<O.Ol), (F ratio: 360.47; d.f 1.1035: p<0.01 ). TUA (F ratio: 

95. · d.f. L1035: p<O.Ol); UMA (F ratio: 256.16: 1,1035; p<O.Ol ). UFA (F ratio: 

102.39; d.f. Ll035: p<O.Ol): AFI% (F ratio· 350.28; c!.f. 1.1035: p<O.Ol), BFMA (F ratio: 

.95: d.L Ll 5: p<O.OlL 1905.56: d.f. L l c 
.) ' 

158.16:. d.f 1.1035: .0 I). FFM (F ratio: : d.f 1.1 ); 

1.1 5: ]). .75; d.f Ll 5: 

ratio: 5.21: d.f. Ll 01 ). The only exception vvas m 

\\as to not (F . 1.35: elf. 1.1 

Descriptive statistics skinfold indices skh~lold ratios 

FM 

01). 

lhe descriptive statistics (mean± SD) of ditTerent skinfold indices and skinfold 

as measures of nutritional status and body fat proportion among the individuals are 

in Table 3.5. The mean 2.:4SKF was found to be distinctly higher among the 

ratio: 

sex 

mm) than the male ( .27 ± 6.60 rnm) individuals. thereby indicating that amount 

body h1t proportion \vas se'\ specitic. The mean value of CFR \Vas observed to be slightly 

higher among the males (0.61 ± 0.05) than the females (0.60 ± 0.07). The results also tended 

to show that the mean values of SSF/TSF. SISF/TSF. BSF/}'4SKF and SlSF 1L:4SKF were 

higher among the males than the females. The sex specific mean values of F 

SSFT~Sl·. r SJ!2.:4SKF. SSl l2.:4SKF and log 10 2.:4SKF values were obsened to be hi 

among the females than the males. 
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Table 3.4. Descriptive statistics (mean± SD) of the derived anthropometric indices relating 

to nutritional status and body composition among the Rajbanshi individuals 
-

Indices Males (N=620) Females (N=416) 

--·. - ' 
BMI (kglnz-) 20.31 ± 2.33 20.50 ± 3.06 1.35 L 1035 0.246 

12.54±1.53 13.69±2.13 101.19 L 1035 0.000 

0.88 ± 0.05 0.85 ± 0.06 L 1035 

0.45 ± 0.04 0.48 ± 0.05 

- -

0.87 :1~ 0.06 0.95 ± 0.08 360.47 1, 1035 0.000 

9 ± 4.90 40 .. 60 ± 7.58 95.52 L 1035 0.000 

38 ± 3.92 33.05 ± 6.48 256.16 L 1035 0.000 

6.16 l. 7.55 ± 2 0.000 

13. ± 2.85 18.54 J: 5.31 0.000 

! l :i:: 3. )) 26.95 L 1 5 0.000 

PIJF 11. ' -, ::r:: _). 21.19± J 905.56 L 1035 0.000 

FiVI (kg) 6.16 ± ") 9 9.89 ± 2.86 518.16 l, 1035 0.000 

FFJJ (kg) 9.5:3 :l 2.T) 91 ± 1.03 l 089.65 L I 035 

' FJ\41 (kglnl) 2.33 J: 0.86 4.39 :t L24 

------ -- -··--

FF:~JI (kg/m2) 3.65:L112 2.19 ± 0.50 625.75 1, 1035 0.000 

PBF-B_Ml ratio 0.56 J: 0.14 1.04 ± 0.09 2205.21 J' 1035 0.000 



Table 3.5. Sex specific descriptive statistics (mean ± SD) of different skinfold indices 

relating to nutritional status among the Rajbanshi individuals 

.... ··------·- - .. ~---------- --
~~ Index Males (N=620) Females F ratio d.J. p value 

(N=416) 

L,4SKFmm 25.27 ± 6.60 31.44±9.24 156.967 l, 1035 .000 

-- ------ ··---------~---·~ 

1.24 ± 0.28 1.54 ± 0.42 188.318 L 1035 .000 

CFR 0.6! ± 0.05 0.60 ± 0.()7 7.965 L !035 .005 

SSFI1:'lF 1.63 ± 0.38 1.59 ± 0.51 1.747 L 1035 

SSF/BSF 2.61 ± 0.63 2.70 ± 0.88 3.078 L 1035 

,S'S/ FIK\'F 2.34 ± 0.64 2.36 ± 0.73 .310 !, l 5 

:±: 6.100 1 1035 '. 

BSF/2.,4t-,'KF 0.14 ± 0.13±0.03 1 1035 1. 

-

"i_.4,\'f(f'' i 0. t L 1035 .000 

SSF/ 4S'J(F 0 ± 5 :l= 0J)4 .617 L 1 4"'1 . .)_ 

-

SlSF/L,4,\'f(J·· 1 t 0.05 0 t 0.04 4.294 L 1035 .038 l 

-- . ---

Log1 11 "iASKF 1.39±0.10 1.48 ± 0.13 162.265 l. 1035 .000 

The sex differences in the different skinfold indices and usmg are 

depicted in Table 3.5. fhe sex differences vvere observed to be statistically significant in 

l.ASKF (F ratio: 156.97: cl.f. L\035: p<O.Ol). :LASKF/BMI (F ratio: 188.32: d.f. 1.1035; 

p<O.Ol). CFR (r ratio: 7.965: d.f. 1.1035: p<O.Ol). SISF/TSF (F ratio: 6.10: d.f 1.1035: 

p<0.05). TSf/l.ASKF (F ratiu: 12.66: cl.f. 1.1035: p<O.Ol). SISF/l.~4SKF (F ratio: d.f. 4.29; 

1.1035: !YO 05) and Lu~'i<JL:4SKF (F ratio: 162.27: d.f. 1.1035: p<O.Ol ). The sex differences 

\\t.Te :;telti:-;ticalh insigllil'icallt in SSFiTSF (F ratio: 1.75: d.f 1.1035: p>0.05). SSF/BSF (F 
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ratio: 3.08; d.f. Ll035; p>0.05), SSIF/BSF (F ratio: 0.31; d.f. L 1 035; p>O.OS). BSF/l:4SKF 

(F ratio: 0.23: d.f 1.1035; p>O.OS) and SSF/,L4SKF (F ratio: 0.62; di 1,1035; p>O.OS). 

3.2.5. l:ffect of Age on nutritional status and body composition variables 

The mean and standard deviations of the anthropometric variables shovved significant 

age variations among the male and the female Rajbanshi individuals. The age specific mean 

values of most of anthropometric variables were observed to be higher in the age group 3 

years in case of males and in the age group 40-49 years in case of females (Tables 3. 

Age group wise mean and standard deviations of the derived anthropometric 

indices body composition variables among the male and female individuals are depicted 

m Table 3.6. The age specific mean values RL BF F vvere 

to higher in group 30-39 years followed by age of 

and the age group 20-29 years. 

the age specific mean values of PI-sF. and 

PBF to higher in the age group of 20-29 folio wed the 

age group of finaiiy the of years. With the exception in 

the mean adiposity indices L UFA and AFt) were seen to be higher 

among the older age group of 40-49 y·ears, followed by the age group of 20-30 years and 

finallv the group of 20-29 years. The mean values of WHR and WHtR were identical in 

the age groups or 30-39 years <u::d 40-49 years. 

The female individuals exhibited higher values of BML RL \Vl-lR. \VHtR. TUA 

UMA. BFMA. FFM and FFMI in the age group of 20-29 years. The age specific mean values 

of WHR. TUA. UMA. BFMA. FFM. and FFMI showed a general trend. with the individuals 

of the age group 20-29 years sl10\\ ing higher means. followed by those in the age group 30-

39 \·ears and finally those in the age group of 40-49 years. The mean values \\ere higher in 

UFA. PB1· Fl'vL Flvll and PBF-Brv1! ratio in the age group of 40-49 years. The mean 

0 
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values of UFA. AFI and PBF-BMI ratio generally decreased from the age group of 40-49 

years, followed by the age group of30-39 years and finally the age group of20-29 years. The 

mean values of PBF%, FM and FMI were following the same trend from the age group 40-

49 years. followed by the age group of 20-29 years and finally the age group of 30-39 years. 

The mean Cl was observed to be higher in the age group of 30-39 years. The mean· WHtR 

values were identical in the age groups of 30-3 9 years and 40-49 years. 

The difference in age groups in the anthropometric nutritional 

composition variables usmg AN OVA is shown 111 Table 3. 6. Among 

differences \Yere observed to be statistically significant m \VHR (F ratio: 6.47; d.f. 

l; 
u 

!). 

\Vere 

: 11 15: 

(F 

15: 

1 
l 

p<O.Ol ). lJFA 

\ 
;. 

.01 ), 

PBF-BMI (F 

: 3.57: cl.f 

3.l2:d.f. 

among the females BMI (F 

l ). 

ratio: .84: 15: p<O.Ol ). 

r 9: 1., 

)_ 

ratio: 13.06: d. f. 

15: l ). 

! I 
-" J' 

I (F 

l 5, 

15: p<O.OJ ), BFMA (F ratio; 84: 2.415; p<O.O 1 ). PB (F ratio: 3.34; 2.415: p<O.OS) 

and PBF-BMI ratio (F ratio: 16.87; 2.415; p<O.Ol). The differences in ages in BML RI. 

1%. PBF%. Fl\IL FFM and FM among the males and WlhR. CL FM. FFM. 

and FFMI among the females \vere statistically insignificant (p>O.OS) (Table 3.6). 

3.2.6. Age and sex specific distribution of descriptive statistics ofskinfold indices 

The age and sex specific descriptive statistics (mean and standard deviation) or the 

different derived skinfold index among the male and female Rajbanshi indivicluals are 

presented in Table 3. 7. 

Among the male individuals" higher age specific mean values were observed in CFR. 

SSFT~SF. SSFiTSF. SISFIBSF. SISF/TSF. SSF/ LSKF and logl 0 L:SKF in the age group of 
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20-29 years. I4SKF and I4SKF/BMI were found to higher in the age group 40-49 years. 

The age specific mean values were found to identical in TSF/ I4SKF (0.22 ± 0.04) and 

SISF/L:SKF (0.31 J~ 0.05) in three age groups, while the mean values were identical in the 

age groups of 30-39 years and 40-49 years with respect to CFR (0.61 J- 0.05), BSF/ 2::4SKF 

(0.14 1, 0.02) and SSF/:L4SKF (0.34 J:: 0.04). 

Among the female individuals. the age specific mean values \vere higher in CFR. 

_ SSF 1BSF. SISF/BSF. SISF/TSF and S!Sf/I:4SKF in the age group of20-29 years. 

mean ues BSF/l:4S and TSF/ I:4SKF were higher in the age group of 30-39 

years. The mean values of L:4SKF. )~4SKF/BMi and logl02ASKF were elevated in the age 

group of 40-49 years. The mean values of BSF/2::4SKF were identical in the age groups of 

ears !3 t mean vvere 

all the 3 ± 0.04). 

e 

to different skmfolds indices usmg IS shown 

di Ill age groups respect to 2..:4SKF/BML SSF/BSF and BS \Vere 

statisti h 1i ticant (p<0.05 l among the male individuals. The differences in 

CFR. SSF/TSF. S!SF!BSF. S!SF/TSF. TSF/l..ASKF, SSF/I4SKF, SISF/l:4SKF 

were not them ) . 

The ditlcrenccs in the skinfold indices among the female mdividuals were observed to 

statistically significant in almost a!! the derived indices (p<0.05 ), with the only exception 

being in SSF/Y4SKF (p>0.05). 
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Tablc> 3.6. Age and sex specffic descriptive statistics (mean± SD) (~f'antflropometric indices relating to nutritional status and body composition 

among the Rajbansfli individuals 

--- ---~--- ·---~-----~--------------

I 
I ---------/vi a I e5~(;~-;;;6 2 0) ------------------ --------------r---------------- ------------~-;,;;tl es (N=416) 

I 
I 

Index 20-29 30-39 l 40-49 r 
I I Jl 

20-29 30-39 I 40-49 F- d.f. I ·- p 
i value I years years years I value i value year5- years years value 

i 

I I 
l I 

( i I ---i--~-

2 ]9 o_ 177 i 0.000 1 B./vfl (kglnl) 20.36 20.48 20.02 uw 1 19.61 20.00 13.03 2,415 
I 

I ±2.66 ±2.00 .77 I .28 ±2.71 
1------ I _ _j 

Rl {gin/. 12.54 ' 12.65 12.43 0.85 2.619 0.428 14.18 13' 16 13.32 10.89 2,415 I 0.000 I 
±1.48 ±1.36 ±l.80 

.., 
±1. 71 ±1 .93 

e-s}oJJOC I 
.) 

L ___ 

WHR 
i 0.87 0.89 0.89 6.47 2.619 O.Cl02 0.87 0.84 0.83 14.49 2,415 I o ooo l 
I 

±0.06 ±0.05 ±0.05 ±0.06 ±0 ±0.06 

WHtR l 0.45 0.46 8.60 2.619 0.000 0.49 0.48 0.48 1.92 2,41 51 0.149 j 

±0.04 ±0.04 ±0.05 ±O.CJ4 ±0.05 ±0.05 i !-----

CJ 
[ 

0.85 0.87 0.89 24.66 2.619 0.000 0.94 0.96 0.95 1.44 2,415 0.237 

±0.06 ±0.06 ±0.06 ±0.09 ±0.()7 ±0.08 ~ 

TUA ~:;;~ ! 44.43 44.76 43.89 1.38 ;2.619 0.253 42.38 39.21 38.72 11 '15 2,415 0.000 

I ±4.88 ±4.79 .07 I ±8.27 ±6.58 ±6.42 
! 

lhvtA7:~? 38.29 38.69 37.57 
.., ~~ 

19 0.029 35.33 31.27 30.63 26.84 2,415 0.000 
i 

J .) I 

l 
±4.08 I ±3.76 .78 : . ±7.i4 ±5.15 .±4.82 

® 



i·J·>t (c;;?T~6~T4- ~1 A2 1 6.08 ±1 .64_T_ -±2.29~--o.8-9-T2~Z)l 0-1-(l.41'1T- ±216 i- 7 95 ±jx 08±3 24T6.9'7-~AI5 o.oo1 l 
I I I I I i i , I I : I l I J 77 I 

I I I I I --. I I 

-1TT~l/o--~l- 1175-+ -1345 --~~ - 14~19 --r- 2'17+2 61i 01152 I - 16 63 + 21105- t -2055 28.20 12415-~ 0 000 I 
f i I I I I I I . t'}'"'~( l '},- ! i'l'f : ! I : . - I 

~·' I - ' ' ~ : I ' --L, --·~) i -"-·~·9 I _,__),/] I I I ; .88 I .46 _._C.20 I I 

1 i i l I ' ~ J ------:---· ----- --------,--------.---~----~-----------r- -~----------------r-------,-~-~-------;--------------·--i-------~----;.------~~-----· ' 

BI"MA (em) 1 28.29 ; 28.69 : 27.57 , 3.57 i 2.619; 0.029 1 83 : 24.77 I 24.13 26.84 2415 0.000 
I I I , I I ; i 
· ~4c8 1 -"7(: ' +~78 I · 1 14 v1~ '48/ ! -'- • ) I _ _). ) , _ _). : I ' : : _). ) ::r:: . - I 

) , ;- 0/ -----~- ---~---J-----~--t -------,--:- -------+-~-1(- :----1~--t----,y---~--- -t---7--------'-· 1 ~ ~ ) " I 
l b! /o 

1 
11.47 

1 
ll.Cb 

1 
1!.4C 

1 

1.11 I _,6,) 
1 

C .. uO 
1 

~0.74 1 _] "-1.98 _1,_)4 _,415 0.0_)6 
; ' I I ! · I I 

I , , I I I I ~~ +"'l ' '7 I I I r1 . ..L + , _,__,77 I _ _),.:.6 ./7 ! I I I .Y+ ' .!..4.10 + _4.65 
_ - _____ ~------L--- --+---- t-----:---f---------:-·--i----::;-:----- ---------f----· 

Fl'vl (kg) 6.2) 6.04 I 6.14 I 0 41 I ]l) 1 0.667 i 10.06 : 9._19 10.08 2.27 2,415 0.105 

I ' . I I l I I , 

±2.01 ±2.27 i .03 I I I : .84 I ±2.59 ±3.11 I 

FFM (Ag) 9.25 9.83---~~- 9 67 ---+- l~i) i:J619 h (i(,.jl- -4 98 -~---4:91- -~ 4.77 1.51 2,415 )0.222 
! I I I i I I 

1 ±2.43 i ±2.87 1 ±J.oo 1 1 1 ±0.99 1 ±1.06 ±1.o9 
, I . . 1. . . . . , 

I . ! ' ' ! I I 
t ±0.71 I ±O.~l3 I ±1.01 I I I I :t1.20 I ±~~j __ ±l.40 - - i 

----i'Fil1I--I 3.52 I 3.76 ~----3----;--3~42-i-2.6!9 roo3ff2.iz - T- 2.21 I 2.11 -~ 1.81 2,415 0.1651 
· I I 1 I · 

(kg!m2) i ±0.99 I ±1.16 I ±1.26 . i . i .48 I ±0. i ±0.51 I 
--l;B F~-jjft;i/-+ 0. 57 I 0. 54---~--0~57--~i -,- 12 -~-2h\9 t 0 iwi t o:99 i-1 os--t -1! 0 16 87 2,415 0.000-

' , I I I I l I 
ratio ! ±0.13 [ ±0.14 ±0.15 [ ____ j ______ L ____ ~~---J ±0.19 ---~0.20 _ 
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Table 3. 7. Age and sex specific descriptive statistics descriptive statistics (mean± SD) l~(the skinfo!d indices among the Rajbanshi individuals 

--~------------~~------------------- -----

Males (N=-620) Females (N-==416) 

Index 30-39 40-49 20-29 30-39 40-49 I d.f. 
I 

p 

rears years years ' value value ' "ears y years years 

I 4SKF 25.37 : 24.78 i 25.70 30. J 7 31.56 33.71 I 5.22 

.50 ±3.69 ! ±8.07 ±9.30 ±11.59 

L 4SKF/ 1.25 1.26 1.28 1.60 1.68 114.68 12.415 

BMI ±0.25 i ±0.27 ±0.31 ±0.42 ±0.48 

CFR 0.62 0.61 0.61 2.04 2.619 0. J 31 0.61 0.58 1 o.6o 16.70 12,415 

1 ±0.06 ±0.05 ±0.05 ±0.06 ±0.08 ±0.06 

-----~- _____ ....L.., 

19.12 .66 1.62 1.60 1.48 2.619 0.229 J 1.46 I 1.54 2,415 

I 
±0.37 ±0.39 ±O.J9 ±0.59 ±0.38 i ±0.41 

;---~---

SSF!BSF 2.70 2.54 2.56 ' 2.619 0.012 2.80 2.52 2.69 I 3.71 

±0.65 ±0.61 ±0.79 ±0.73 

----------

2.28 2 2.10 2.32 



! 64 I ±0.62 i ±0.69 ! ±0.83 i ±0.54 i ::!:0.61 
I 

I SISF!YSF 1.48 I 1.4 7 : 1.46 (). 1 1 • 2.6 J 9 i 0.900 ' . 1.22 : 1.34 122.22 12,4151 I I 
l 0.000 

I 
::t0.44 ±0.28 ±0 

BSF/2, i O.U 0.15 0.13 0.14 i 0.15 14.35 I 2,4151 0.013 

4,S'KF ! ±0.21 I ±0.02 .02 i ±0.03 i ±0.02 I I 
I 
I 

l 
1SF!I i 0.22 1 o.22 ; 0.84 19 i 0.434 ±0.04 I 0.24 : 0 ')..., I ___ ) I 11.75 I 2,415\ 0.000 

4SKF I ±0.03 I ±0.04 i :tO I :t0.04 I ±0.04 I I I 

~I --
0"4 i/64 1 7619 1 0071 I0"4+00'i 10"4 10'4 I 0.66 12.415 I 0.519 

,J ' - ' -- I . - i .J . . ·• I . ' ' .J 

i I 
±0 04 I ±0 04 I I I I ' ±0 04 I ±0.04 

119.74 12,4151 1 0.31 i o~-3-1 ---j o02 -l21,19h1 982-+ o3 ~·llii:illl~28 - -1-63o S'!SF/I 10.31 0.000 

I 
I I I ! I • 

i i I I I 
4SKF 1 ±o.os ±0.05 I .05 ! i i I I ±0.03 ! ±0.03 

i I ' I I I I I ' I 

t~4151 I __ _________j __________ l ----~-J_ ___ l. ________ t __________ L .l ----
Log11;2, 4SKF I 1.37 [1"8 1 1"9 11 17 1 /6'910"1~: 1; 1 148 '1~0 0.040 . _) I ' . _) I l . i -' l .. ) _) I l ±0. . . i . I . ) 

I ' I I I ' I i I 
I I I I i ! i I 

±0.09 1±0.10 1±0.02 . I I .±0.13 ±0.14 
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3.2.7. Correhlfions between the anthropometric variables among the male Rajbanshi 

individuals 

The results of the Pearson's correlation analysis between the anthropometric variabies 

among the male individuals are presented in Table 3.8. The results showed that most of 

anthropometric variables were significantly correlated with each other (p<O.OS). Age \Vas 

significantly higher correlated \Vith WHR" WHtR, FFM" WC and CI. Height and weight were 

significantly correlated with all the anthropometric variables, except in height BMI 

--0.07: p>O.OS). Both weight (r -0.40) and height -O.l were 

(p<O.OS). BMl \Vas significantly correlated (p<O.OS) with most 

variables. except with STR (r 0.05), Cl 0 c were 

lv anthropometric WHtR. 

l.ll 

correlations u and UFA 

significant (p<0.05). Both FM and 

anthropometric Yariablcs but the 

0.05). (r -0. ). BSF land CFR 

CFR 0.03) were not significant ( 

all the anthropometric variables were 

were significantly the 

of FFM with Cl (r -0.03) was not statistically 

significant ). The correlation of PBF vvas observed to be significantly correlated with 

· variables. except with Rl (r 0.34: p>O.OS). Both TSF and BSF \vere 

significantly correlated vvith most of the anthropometric variables. However. the ·r' value vvas 

not statistically significant betvveen BSF and WHR (r'· 0.03; p>0.05). In case of STR and 

CFR. the 'r' \alues were statistically significant vvith almost all the variables (p<O.OS). 



3.2.8. Correlations between the anthropometric variables among the female Rajbanshi 

individuals 

Table 3. 9 depicts the correlation coefficients between the anthropometric v~riables 

among the female Rajbanshi individuals. Most of anthropometric variables were significantly 

correlated with each other (p<O.OS). Age also showed significantly strong correlations with 

BML WHR, UMA, UFA. PBF. weight. BSF. TSF and Rl (p<O.Ol ). All the variables were 

significantly correlated with w·eight, WHtR and BMI, except height and BMl (r== 

UMA and were also significantly correlated with most of the variables. 

A and height (r· 0.07), UMA and CI 0.03), UF A and height (r= 

and UF A and WHR 0.04) were not statistically significant \ 
J. case 

PBF and PBF and height 

between PBF and TSF (r were not significant. correlation coefficients for and 

were the anthropometric ). except 

between FF and \VHR (r \ 
J. height and CI (r· 

0.07). The ~r· values for TSF and BSF were also signi most of the 

variables. But the correlation coefficients betvv'een TSF and WHR (r -0.04). TSF and height 

0 BSF and WHR (r 0.02). and between BSF and height (r 0.01) \Vere not 

statistically significant ). The coefficients betvveen STR (r'" 0.08) 

and Cl and CFR (r 0.07) were not statistically significant (p>0.05). 

3.2.9. Linear regression analysis of sex on tlze different anthropometric and body 

composition variables among the Rajbanshi individuals· 

Linear regression analysis was undertaken taking sex as the dependent variable and 

the different anthropometric and body composition variables as the independent variables 

(Table 3.10). i\ge was signll!canlly associated with BM! (p<O.O 1 ). WHR (p<O.O l ). WrltR 

0 l ). L' (p Jll). UFA (p<O.Ol ). PBF 1). weight (p<O.Ol). TSF (p<O.Ol), BSF 



(p<O.Ol), Rl (p<O.Ol). STR (p<0.05) and FFM (p<0.05). All the anthropometric variables 

were significantly associated with sex (p<O.OS), except in the case of BMI (p>O.OS). A 

significant positive effect also existed for WHtR (t"'- 9.724), UFA (t= 10.119), PBF (t= 

43.777). FM (t -22.763). TSF (t •=14.361), RI (t =ccl0.059) and CI (t ~18.360). A negative 

effect was observed with WHR (t -.c -9.070), UMA (t =- -16.005). STR (t -cl.J20). FFM (t =-

33.010), weight (t -15.76). height (t ·• -34.375), WC (t ··· -3.514) and CFR (t -54.360) . 

.3.2.1 0. Linear regression of age on tile different anthropometric and body """1'""n 

variables among the Rajbanshi individuals 

Linear regression analysis was done to assess the dependency of age on 

anthropometric and body composition 

1 • 

anatvs1s the are 

.3. respectively. 

results the the male individuals that had 

a negative effect on BMJ (t ·" -l (t l. ). PBF (t •· -l.191), 

FM (t- -1.197). ght ( 1 . -2 'ght (t. ). BSF (t Rl (t -0. and 

CFR (t -1.707). However. age had a positive effect on WHR (t 3.874). WHtR (t- 3.996). 

UFA (t 0.265). FFM (t 2.548). TSF (t cc 0.479). WC (t ·· 3.207) and Cl (t ·· 6.680) among 

the males. The dependency \Vas st:1tistical significant WHf(. WI-!tR. FFM. weight, 

STR. PBF. FM. STR. PBF. FM. TSF. BSF. RI and CFR (p>0.05) (Table 3. II.). The linear 

regression plots showing the dependencies of age on the different anthropometric 

measurements among the Rajbanshi males are sho\vn in Figures 3.23 a, 3.23b and 3.23c. 

It is evident trom the Table 3.12 that age had a negative impact on most of the 

anthropometric and body composition variables among the female Rajbanshis. The variables 

of BJVU ft -"l.909). WHR (t .569). WHtR (t- -I .774). Ul\1A It · -6.936). STR (t 2.473). 
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FFM (t"'- -2.565), weight (t= -3.596), WC (t= -1.764), Rl (t= -3.790), and CFR (t= -1.892) 

showed a negative impact with age. Age was positively dependent on UFA (t~~ 4.023), PBF 

(t"'3.509), TSF (tc 5.992). height (t~-"' 0.317). BSF (t= 4.082) and CI (t= 0.818). The lineaT 

regression coefficients were statistically significant between age and BMl, WHR, UMA, 

UF A, STR. PBF. FFM, weight. TSF, BSF and Rl (p<0.05). The variables of WHtR. FM, 

height WC. CI and CFR showed no statistically significant linear regression coefficients 

age (Table 3.12. ). The linear regression plots sho\ving the dependencies of age on 

different anthropometric variables among the female Rajbanshi individuals are 

Figures 3.24a, 3.24b and 3.24c. 
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Table 3.8. Pearson correlation coefficients between the anthropometric variables among the Rajbanshi male individuals 
,--~---·---~---~--,.....~- ·····---·-------r-

l WHR ! WHtR ! Ulv!A f UF4 T STR 1 PBF fM T-J:-:-;:]IT I JFeigla flieigllt T1sF f we 1 BSF , Rl CI CFR l l/ariah/e ~ A;;e : BMI 

c1g~----~---1·-···t----~---~5** :o-16h t -o.o7 i o.o1 i i [·ci1oi-----j----- j o.o2 i o.1o" ' ~ , o.26 .. I i 
. I I i ! I I I I I ! I 

0 05 i I 0.07 ! 0.09 i 0 05 l I 0.09* I 0.09* i I 0 01 i 0.02 I 0 07 ! 
~ 1 I I I ~___j_ , 1 ~ I 

- --B!ltl ~---a 65 ! I i 0.40'' 0 66" 0.48'' -1-0.4 ,-, ,- :- u.-68 ~0-4-:- ,~ i) 6' '' ' -----r-o ,w:·+--.o Oi-! 0 40"1 0 oi•• : 0 "" : 0 96"1 0 06 0 o< 1 I I I I ' . I . . I . .JJ I . . I . -· I 

! I I ! ' : I I I t . I I 
' ' \ I 1 I I 

! . I I I I I I 0 34 ~ * i I j I I 
' ~ii:H1i - j-o'i5·'i' oAo" i 1 : o.6s" 1 o.n" ! o 1"" -j --o:o-,-j-o os" 1 0 -~9· -~ --0:02-hi 29'' -~- --_- } o.w• 1 o.64" ] o.o3 i oAI" o.56'' -o.os c 

i ~ I l i I . I I I I I 
I I ' I I I I I I ' I I I I I ~ I ! I I I I I) 11 * * i I I . . 1 • I I i I I •.. - , I 

I : ' ! I . I I I I : I h ! ~---·--···--------·-_i-·---~------~- +--~----L ____ __l_ ______ ~l _________ __:_ _________ i ____ ~---l~~-------j______ I ---- I I I 

. ff'/JtR i 0 16** i 0.66*" : 0.68** i l I 0.~ l * ! 046** j 003 i 0.39** I 0A9** I I 0.47** I i 0.41 ** 0.92** i 0.29** ' 0.68 0.;76 0.03 i 
I I i I I I . I ' . I I I I I • ! I I 

! I I ! I I I I I I () '9 '* I I 0 )}** I , I I : I I i I i I \ - I ·-- I I I 
f--[J!VIA-i :o- 07 t'o:4sH 0.22.. ' 0.41" -~--1 -i- 041 "1"~14 •• - hu2 ·1-o 4 i" j---: I 0.47" ra 09·t 0 25" I 0.45" I 0.23" 0.43" 0.11" 0.14' .;-' 
I ' ' ' I I I I I I I _j__ I I I , I I 
I I I I ' I I I 0 31'' I i . l ___ l_.. I I L i ___ L_ l ______ l_ ____ j_ ___ -------r 

UF·1 i 0.01 1 0.47** I 0.19** 1 0.46** 1 041*" 1 J! - ! 0.73*"'1onul - j 0.49'* 0.15"* I 0.98** 0.53** 0.66** 0.39** 0.!6** -

' ! I I I I ' I I I I 
' 

1 
1 1 I I 1 0 'B" : 1 I o w• 1 L 020" : ! I I I .1 I I I .. 

\ t I l I \ I I 

:.~'TR--r-=omto.os i -0.05 i 0.03 : 0.14** to.20** I l t 0.39** I 0.32** r------f-o.o9*l 0.08* I 0.06 i O.ll ** I 0.02 -0.02 1.00 

. ' I I • . I I I I 1 ~~- 0~47" I I I I I . I I 0 '8** I I 0 '!4** I I I 

. • I I : I I i l I ·'' I _1 ·-
---,'BF - -0 09 I 04:2•--.-t 0 09' I 0.39" 0.73" Ill 39'' r- I I o94••r---~S** 0.20** I 0.72** 0.47** I 0.76** I 0.34 0.09 0.39** 

I'' I • I' I I I± 
I I i i i ~ ! I 0. 91 ** I f I I 

, I I I I I 

-o .os o.w• I o. 19" i o.49" · ow· 1 o n"io:32" jo 94.,-j-,- I -To 1: j oJ T" fi3" o 62"jo~ o.51" o.o3" 012 
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i i ; 
0.81 ** T 

~ f----· i 
FFM i 0.10* i - -0.02 -0.29** -0.3! ** -0.59** i - - ~ - l - - -0.36** - - -0.03 -

' I I 

i I 0 14 * * I 

i I ·- ! 0.38** i 0.91 ** i 0.81 ** 1 0.40** 0. 18** 0.58** 0.63** 0.27** o.38** 1 

i I i 

-0.19" I 0.09' 'I i Weialzr 1 -0 09* T084** o.29** I 0.47** 0.47** 0.494** i 0.09* 1 0.48** I ()73** J -
! 

I 0.48** 0.4~** 0.66** 0.40** 0.66** ~ h ,I 
I ' 

I 
i i 

I i 

i 0.40** 

i i I 
0.08'-j 1 !Ieight T -0 09* -0.07 -0.13** -0.23** 0.09* 0 152** ' 0.08* 0.20** i 0.31 ** : - 1 0.48** 1 0.14** 0.17** 0.19** - -0.46** 

! 0.18** 0.35** I 
: I I 

>---~---

-0.241 J:\'F 0.02 ' 0.40** 0.16** 0.41** 0.25** 0.984*' i -0.24* 0.72** ! () 73** - 0.43** 0.14** 1 0.47** 0.65** 0 ~~** 0.15** . .).) 

I 

0.58** 

l---·- -----we o-f9** 0.6~** 0.64** 0.92** 0.45** 0.527** I 0.06 0.47** () 62** 0.66** Q 17** o.=f7** 1 0.37** 0.55** 0.59** 0.06 

0.36** 

BSF --~ 01 0.33** 0.03 0.29** 0.232** 0.66** 0.11 ** 0.76** 0.75** - 0.40* * 0.19** 0.65** 0.37** 1 0.26** 0.05 0.11 ** 

l 
i 0.63** 

Rl -0 02 0.96** 0.41** 0.68** I 0.43** 0.39** ! 0.02 0.34 0.51 - i 0.66** 0.33 ** 0.55** 0.26** 1 0.18** 0.02 

027** ! 0.35** 

Cl i 0.26h 0.06 0.56** 0.76** 0.11 *'' 0 16** I -0.02 0.09* 0.03 -0.03 - 0.15** 0.59** 0.05 0.18** 1 -0.02 

: 
0.19** * 

I 

l __ _j 
CFR -0 07 0.05 -0.05 o-:\13 0 l** -0.20** 1.00** 0.39** 0.32** 0.09* 0.08* - 0.06 0.11 ** 0.02 -0.021 1 

I 

I . 
0.38** l_ I 

I 
...J 

** p < 0.01, * p < 0.05 
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Table 3.9. Pearson correlation coefficients ofanthropometric variables among the Rajbanshifemale individuals 

I 1 

Variable : Age ! BM! TwHi -~ WHtR ) U, i UFA I STR- PBF 
I . 

0.17** 0.02 

F.M I FFM Weight I Height I T.SF i we l BSF 

Age 
0.19** 

Rl C/ CFR l 

0.04 019*" 0.02 0.28''* 

BJ\1! 
---------··-- --!-----+-0 1 9** 

I 

' I I ! I I I 
0.26** I 0.09 I 0.32** I : 0. B* 0.17** I I i 0.09 I I 0.18** 0.09 

- . 

11.1'" 0.55" 0.50'" 1136" 0.1 8" 11]8" 0. ""' li.89'' -0.07 0.23" 0.54'' I 0.32" • n ~~ ,,,.- • .--1 0.19" 

0.19** 0.37*' I 0.!5** 

IIHR ()I R*' 0.07 0.31 ** -0 08 0.62** 0.02 0.37** 0.45** I 0. 16** 

I I 
I I 

0 09 I 0.35'' 0.58" I 0. 72" I 0 .18" ·I 
o 34** I I 0.26** I . 

1 IVI/tR 

UMA II 50** I 0.29** j 0.41 ** I I o 24*" i 0.21 ** I 0.15** 038** 0.49** OAS** I 0.12* I 0.46** I 0.03 I 0.18** 

0.32** 0.17** 

L'l-A 0.19 U.36"" I 0.04 o.38** 1 in4** 0.79** 0.72** 0.3='** I 0.06 o 97** 1 o.-+2** 1 o.78** 0.33** 0. II* 

, ________ j__ I . - I I I --- I ~126*"_1 ____ i _____ i o-~~'_L ____ I I I I ~ I o.25** 

! ST/1 i -o 12 1 rus" 1 o.rs" I 0.18" lo.21" -0.26" Tr 1 o.28" --1 112 1 •.-r:- 1 0.11' j -o. 11' l-o.J2" I o 14" 1-0.12' 0.20" o.os 
i I I I I I I I I I . 

IIJO** 
I 
l 

i PBF I 0 1 0.38*' ; 0 07 i CJ38** 0.1 :i** () 7l)h 0 2X*" ! I I 0.84*'' 0 . .14** -0 003 I 0.78** I 0.39** l 0.74** 0.36** 0.11* 0.31** 

()9(JH 

, F:Vl II. 79" 1:2 I -11. II' I 0.26" 

-11.34" -II. 01 I -II 65" -11.35" -11.117 - ~ 
----------



i I 
I o.34 ** i 0.30** ' () 811** 0.3(J** 

029"~6" 
0.32** I 

I ! i 0.13*~ \ 11'eight i - ! O.WJ** 0.31 ** 0.39** 0.49** 0.35** 1 o.11* :34** j o79** I 1 0.38** 0.22** 0.54** -
I 

0.17 
" I 

i 
0.34** 

I -0.30" 

0.34** I I ! I i I 

j 
HeioJa \ 0.02 ' -()\)';' -ll 08 - ll.U7 j 0.06 -0.11 * • -lUl I ' () 21 *" i -0 (12 0.38** I 0 04 0.12* 0.01 - -(1()8 I i '~ I I 

' 

I 
I 

I I 
' I () 26** i 0.44** I ! I ; ' 

TSF 
\ 

-· ! 0.23"* 
-0.04 • 0.28** -0.0!** i 0.97*'' I 0.78 i 0.64** 0.22*'' i 0.04 1 0.30** 0.77** 0.21 ** 0.10* - I 

0.30** I i 0.28 I 0.32** 
I 

0.70** 
I i I 

we ! -0.09 i 0.)4H 0.62** 0. 93 ** 0.45** 0.42** 0.14** 0.39** 0.57** - 0.54*'' 0.12** 0.30** 1 0.36** 0.49* * 0.57** 0.15** ! 
I 

() 36** I I ! 
i I i I 
I -- I 

, BSF - . 0.32 ** 0.02 (J.35** 0.12* 0.78** -0.1-2 * 0.74** T ll 66** - 0.2::\*' 0.01 0.77** 0.36** l 0.31 ** 1 o.l2* -0.10* I 

.. 
0.19 0.65** 

--
Rl - 0.97** 0.37** 0.58** 0.4G** 0.33** 0.20** 0.36** ()-67** - .076* * - () 21 ** 0.49** 0.31 ** I -0.04 0.20** 

.. 
0.18 ll.30** 

Cl 0.04 -0. 15** 0.45** 0.72** 0.03 0.11 * 0.011 0.11** -=-cu!• -:(j ll7 -0.34** - 0.1 0* 0.57** 0.12* -0.04 I I 0.07 

0.44 ** 

i I I I 

: CFR l-009 !019** 0.16** 0.18** () 1 I\** ! -0.25** 0.97** 0.31*" ll.26** - 0.13** -0 08 -0 03 ** 0. 15** -0.1 0* 0.20** 0.07 1 

! I i 
032** 

I I i 

*'' fl < (}.()/, ,, p < 0. 05 
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Table 3.1 0. Linear regression analyses of sex on the different anthropometric and body 

composition variables among the Rajbanshi individuals 

Variable -----r-- _jj ___ ---J~~~;.~--~---Bet~--- ----Xcij---,;it~d R2 -- -~---- --~- ----~ p valu-;;1 

BMI 1 o.oo6 .oo6 .036 - o.ooo 1 1. i62 --~--oj46--
WHR -2.311 -0.271 0.07-3 -9.070 0.000 

--

WHtR 0.289 0.083 9.724 0.000 

- -

UMA -0.038 0.002 -0.446 
1----------------f-------- ----------- ·-· -----

0.198 - !6.005 

UFA 0.065 0.006 0.089 

---------

-0.045 0.035 0.001 

---

PBF 0.066 0.649 

-- -- -·-----

0.004 0.333 

-0.111 0.003 -0.716 0.513 3.010 

--
-0 0.002 -0.440 0.1 -15.760 0.000 

-- --·· 

Height -0. 0.001 0.533 0.000 
- - ·-· -- ---

TSF' 0.102 0.007 0.408 0.165 14.361 0.000 

Y.,l(' 008 0.002 -0.109 0.011 .514 0.000 

BSF 0.138 0.012 0.332 0.109 11.315 0.000 

---- -·-

RI 0.078 0.008 0.299 0.088 10.059 ·o.ooo 

-

CI 3.044 0.160 0.508 0.258 18.986 0.000 

CFR -0.720 0.013 -0.861 0.741 -54.360 0.000 

1 l I 



Table 3.11. Linear regression analyses of age on tile different anthropometric and body 

Variable 

WHR 

WHtR 

-·-·- ---

LIMA 

STR 

PBF 

FFM 

HE! 

TSF 
-

we 

BSF 

RI 

CI 

CFR 

composition variables among the male Rajbanshi individuals 

B S.l:. 
--- -----------~--------::. 

0.164 

-~--·- -- -- ···--

27.623 7.131 

37.177 9.305 

-0.165 0.098 

-

0.058 

-1.714 1.004 

-0.143 0.!20 

0.161 

0.357 

0.055 

-0.151 0.068 

0.136 0.284 

0.!86 

-0.082 0.448 

133 0.250 

39.395 5.897 

··--·- -

-1 714 I 1. 004 

Beta 

-0.049 

0.154 

0.159 

-0.068 

-~------2-- +---~-~-~-- ~~ Adjusted R t p 

-----0.0~- -l.:i26 0.221 

0.022 

0.024 

1 3.874 0.000 

I 3.996--- - o]oo-
1 

----· --- -·- --------· -----· ·- -. -- .!---·-· ·-----· ----~--------- --
0.003 I -1.683 I I 

-------------~1-------· ·- ---·······-···--- - .... - --··-- ----- ---+-----------~1 

0.011 -0.002 0.265 .t.-~· ___ 1 __ _ 

-0.068 0.003 -L707 I 0.088 

I 
-: :9t I 

-0.048 0.001 

0.001 

l 
0.090 2.548 1 

. -[ 
.246 I 

-· 

0.006 

I
0.005 I o.027 

-0.00 l j-o.im 
0.015 ·-· 3.-267-l·o: oo1-

-0.007 -0.002 -0.183 0.855 

-0.021 -0.001 0.597 

0.260 . c;~;T-l ~ ::: .. 
--

0.066 

-~---·· 

0.003 
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Tlrble 3.12. Linear regression analyses of age on the different anthropometric and body 

composition variables among the female Rajbanshi individuals 

Variable - ---- If~- r--S.E. -~-Beta ~Adjusted R2~ I -~ ... ·r v:l 
r----------BIVII -----· ·0.630 t- 0.161 -0.189 I 0.033- -3.909 :·~::· 

I --
WHR 

WHtR 

UMA 

UFA 

PBF 

Ffvl 

FFM 

EIGHT 

HEIGHT 

-45.96! I 8.254 -0.264 

I , --I 
Ioss7:sl ·II ~:o~; ·1-:: ;:: I . -- ~~::- --

0.741 T o.l-84--1- ·- o.T9-4 __ j

1

j -6.6~35-
1 

17 [ 0. I 121 I 

I

I 0.1 I 0.1 I 

0.069 I 0 175 I 0020 I 

.J. 4 I ::::: 0.125 

0.029 : 0.093 0.016 
I 

0.067 

l/ 
1~ 

0.013 

0.028 

-0.002 

-5.569 0.000 

-1.774--lo~o77--, 

--=6. 93-6 -\~lfoo·o--i 
--- . _____ J:_ -- ----
4.023 I o.ooo 

I ···+ -
3.so9 1 o.ooo 

o.39s· -\6.69-i 
---- ---- -~~--

1 0.011 

I -3.598 J 0.000 

17 

14 

0.752 

- J. . -

TSF L255 
I 

0.078 5.992 

- ~---

we -.0128 I 0.073 -0:086 0.005 -1.764 0.078 

BSF 1.419 

I 

0.347 0.197 0.036 4.082 0.000 

Rl -0.879 0.232 -0.183 0.031 -3 790 0.000 ' 

-- ·--- ·- --~·--·- .... -- -· ---- ------ ------· 

Cl 5.088 6.221 0.040 -0.00 l 0.818 0.414 . 

CFJ<. 
----··-· -------- ··-·-··· 

7.140 -0.093 -13.509 0.006 -1.892 jo~Os9 
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among thefemale Rajbanslti individuals 

117 



AGE 

C· ') 
·I• - (;.:.t·, 

l•.".(.o :: -~, c. 

PBF 

·;,-_, .. 

fflvl 

I>.GE 

(I 

'I:. 

HEiGHT 

,_,,_:., 

') 0 

l 
I 

• 

i 
---1 

I 

:) ((:11 

(H};"!_: .)<]: •) I),::; •) 

X ·JC· 
•.'!1;! ':/' f(·•.L <~' 

·C··· 

) :, ) '1D 
... -_____,-~,.---· 

-,·.r::·•) .-ro n!'tX"Cab.: 

VVElGHT 

:nr. 11 

···:l:'(flJ.T 

J.! 
(0 

•1,• 

0)'• 

TSF 

:) 

Figure 3.24b: Linear regressirm plots of age vs. PFB, F/14, FFM, Weight, I! eight and TSF 

among tlte female Rajbanshi individuals 

118 



·7:::.--,::;:. 
. ,-:-.- .. 

-· '- ·.::- .G ·~((.•_> 

we BSF 

0 

CC>IliCIT'! CFR 

,_, . .1)•) 

D•."· ·:c ,·,.--

·>3".' 
.-, ·-~ru·. ,,,\~: :·ci· ,·o 

.~--! 

f.[: o ·.:.::c::1;ar 

ROHRER 

Figure 3.24c: Unear regression plots ofage vs. WC, BSF, Rl, C/ and CF'R among tile 

/('male Rajbaw.Jti individuals 

1 1 C) 



3.2.11. Linear regression of Bflrfl on the different anthropometric and boc(y composition 

variables among the Rajbanslti individuals 

The results of linear regression of BMI on the anthropometric variables among the 

male and female Rajbanshi individuals are separately presented in Tables 3.13 and 3.14 

respectively. 

It was observed that among males, BMI was strongly dependent on the majority of the 

anthropometric and body composition variables. These variables were WHR 

WHtR (t 22.026), UMA (t 13.646). UFA (t 13.071 ). STR (t 1.192). PBF 

( t - 39.i93), TSF (tc 10.834), WC (t- 20.89). BSF 8.812). 

83.348). CI (t- 1.447) and CFR l.l BMl was on 

( t -1 The linear regression coefficients were 

in majority the anthropometric variables except in case of STR. height. 

1 ' i )., 

and 

vvith ) (Table 3. The linear regression plots showing the dependencies 

HMl on the difTerent · variables among the Rajbanshi are shovvn 

Figures 3.25a, 3.25b and 3.25c. 

The linear regression of BML on the anthropometr\c variables amang the 

Rajbanshi females also shovved that BMI was positively dependent on most of the variables. 

Yariables vvere WHR (t 8.129), \:VHtR (t 13.228). UMA (t 11.781), UFA (t-" 

7.771 ). STR (t 3.726), PBF (t 8.304). FM (t 23.731), weight (t 40.51), TSF (t 4.776). 

V/C (t- 12.953). BSF (1 6.8421, RI (t' 83.079) and CFR (t 3.865). However in case of 

FFM (t -8.067). height (t -I .411) and CI (t ~.· -3.089). BMI was negatively dependent. The 

results also ind\cated that most of the regression coefficients were statistically significant 

(p<0.05). except in case of height (p>0.05) (Table 3.14). The linear regression plots showing 

the dependencies of BMJ un the different anthropometric variables among the female 
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Table 3.13. Linear regression analysis ofBMI on the different anthropometric and body 

-- _, •c 

Variable 

WHR 

WHtR 

UMA 

UFA 

PBF 

FFrvl 

HEfGHT 

TSF 

Vv'C 

BSF 

CI 

CFR 

composition variables among the male Rajbanslzi individuals 

B 

17.617 

37.957 

0.286 

0.623 

0.293 

0.307 

-0.027 

0.688 

0.228 

0.908 

1.458 

2.156 

0.293 

S.E. Beta t p 

value 

--- -

: :~: --~---:--·-:--:-:------------~ ~:~ -. --:~ ;:+: ::: 
0.048 0.465 

0.246 0.048 

0.027 

5 

O.U32 -0.342 

0.007 

0.017 

--

0.064 

0. () 11 0.643 

O.l 03 0.334 

17 0.958 

0.058 

-··- . 

(}~1 46 0.048 

!21 

a "," 1 3 646! il ooo 1 
! - I 

0.217 

0.002 

0.178 

0.403 

0.11 7 

0.713 

--- -

0.004 

0.160 

0.414 

0.112 

0.918 

0.003 

-- -·--- - -.. --

0.002 

13.071 I 1 

!.!92 1 0.2341 
j-- --- ---·-----·1 

11.561 I I I I 

-r--- - - -
20 7 I o.ouo 

-9.033 1 o.ooo 

l 0000 

-1.630 1 0.1 o4 
i 

l 0.834 0.000 

I 
2o.s9o o.ooo 1 

8.812 0.000 

83.348 0.000 

1.447 0.148 

L 192 0.234 
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Figure 3.25a: Unear regre.<;sioll plots of B/l!ll vs. Wl/R, WlltR, U;HA, UFA, STRand PBF 

wno11g the male Rajbanshi individuals 
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Tabie 3.14. Linear regression analyses of JJMI with different anthropometric and body 

composition variables among female Rajbanshi individuals 

Variable 

WHR 

WHtR 

UMA 

STR 

Fl\I 

WE:IGHT 

HEIC1HT 

TSF 

-

BSF 

19.351 

35.179 

0.236 

F 

0.8l2 

-1.090 

0.361 

-0.039 

0.304 

0.238 

0.689 

B 
·-~·-·-·-· ·---------··-·---,----·---··--- --·- ---. -, -· ---- --------·- ~---l 

S.E Beta Adjusted R~ t p 

cl8-1-~ 1 o 3-7~- o.m s i29 -~ ~;:~-1 
I I ! I 

2.659 1- 0.545 1 0.297 13.228 o 1 

0.020 --~-0.501 I 0.251 11.781 - - -- I 

- ~~~~~s3 -ro 357 -1 o:~21 -- iiii!-o:o-oo-1 
-----1---- ------1-· ------ - ---- __ L ______ ---1 

0.290 I 0.180 I 0.032 3. 0.000 i 
5 I 143 8.304 I 

I I ! 

I 0.759 o. . 1 I o.Ooo j 

0.1 -~~•• -0.369 '~· 0.136 8067Toooo~ 1 ().009 0.894 0.799 40.~ l 0 I 0.000 I 

8 11--0069-1 0.005 --1.411-1 0.159! 

O.WI . I 0.229 I 0.052 4.776 I O.iJOO I 

o.Ols t 6 53T 
1 

-- () 288 -- - --- i 2 953 Oooo I 

o.101 I 19--- o.-102 - 6842 fi50-0o I 

.__ 

Rl 1.396 
---·- . 

0.()17 0.971 0.943 83.079 0.000 

Cl -5.697 !.844 -0.150 0.023 -3.089 0.002 

CFR 8.157 2.110 0.()35 3.865 I 0.000 
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3.2.12. Assessment of nutritional ,;,·tatus among tile Rajbanslti individuals using BM1 

The nutritional status of the Rajbanshi individuals based on standard BMI cut-off 

points of WHO ( 1995) is shown in Table 3.15. The overall prevalence of nutritional status 

among the Rajbanshi individuals is graphically depicted in Figure 3.27. The results 

suggested that the overall prevalence of overweight (BMI: ~25.00 kg/m2
) and obesity (BMI: 

~30.00 kg/n/) were 38 (3.67%) and 10 (0.97%) respectively (Table 3.15). The results further 

indicated that a quarter of the individuals comprised the ·at risk' group of low weight normal 

(24.61%). Nearly halfofthe individuals (47.59%) were norn1al. The results also showed that 

23.1 TYo of the individuals (BIVll< [ 8.50 kg/nl) were undernourished (Figure 3.28). 

Among the males. 20.81%1 were undernourished while the corresponding percentage 

among the es vvas .68%. sex was not 

significant 2. 986: eLf l: ) . sex specific comparative evaluation of 

under-nutrition among the individuals 1s depicted in Figure 3.28. lt vvas observed that 

were normaL banshi males ·were 

more nutritional at-risk co!llpared to the females (26.77%) versus 21.3 

this sex ft't~rencc vvas not significant ue 2.3 c!.f.L sex 

specific prevalence of overweight and obesity was 1ound to be higher among 

!. \Vhcn compared \Vilh the males (2.74(Yt, and ) . sex 

the prevalence of obesity was statistically significant (i-value 4.98; cl.f.l; p<O.OS), 

the sex difference in overweight \.vas statistically insignificant (l-value"' 3.47: d.f.L p>0.05). 



Table 3.15. Nutritional status of the Raj bans hi individuals based on internationally 

accepted cut-offs of BMI (after WHO, /995) 

-c~-:~d~s ____ -- - ·· -···1 BN1lkg!m2 

Under-nutrition I <18.50 

r- L~~~ ~~~ii/;1~~-,.;t-;;lT -t--i8~_5if=2o.oo 
h---·--·-- ---·--- ·- ·- -- ·-··-·1'---··· ----- ·- --·· Normal 20.01-24.99 

Overweight I :::= 25.00- 29.99 

Obese I ?:: 30.00 

L .. 
Total 

parenthesis indicates percentages 

-

Males Females Total 

129 (20.81) 111 (26.68) 240 (23.17) 

l66(26-.-77)- --·89-(21~3~+--255 (24.61) 
I 

306 (49.35) -187 (44.95)--t--493 (47.59) 
l 

17 (2.74) i l (5.05) ··-I- 38 (3 

02 (0.32) 08 {1.92) 

416 (100.00) i .. - -----

620 (l 00.00) 

~-··· 

GJ Undernutrition !§Low Weight Normal 0 Normal 0 Overweight 0 Obese 

0.97% 

47.59% 

Figure 3.27: Pie chart showing the overall prevalence of nutritional status using BMI 

among the Rajhanshi individuals 
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i 
! . 

sex different grades of under-nutrition or CED among 

on 

Rajbanshi individuals was using BMJ (Table 3.16). The results most 

the undernourished individuals comprised mild under-nutrition (CEO Grade I: 

follo>ved by rnoderate under-nut1·ition (CEO Grade II: finally severe 

nutrition (CED Grade Ill: 1.74%). It has been also noticed that the females were more 

nutritionally vulnerable than the males in CED Grades L II and lll (Figure 3.29). The sex 

difference in CED Grade I (x'-value .· 1.17; eLf l) and CED Grade 11 Cx::>-value- 0.12; d.f. l) 

were observed to be statistically not significant (p>0.05), while in case of CED Grade III this 

difference was statistically significant (l-value 7.54: cU. I: p<0.05). The O\ erall sex 

difference in all the 3 CED grades was statistically insignificant (i-\·alue 3.44: c.l.f 3: 

p>0.05). 
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Table 3.16. Different grades of under-nutrition (CED) based on BJI!/1 among the Rajbanshi 

individuals 

iiMi kglm£ ____ --1--M~/es ---]--f.~-~;;des ----- Totdfl 

BMJ < i6.00 J 65(0.81) I 13 (ll3j 18(i.74) I 
BJ111 16.00-16.99 I 24 (3.87) 18 ( 4.33) 42-( 4.-0.SY-

nM1 i?.oti- t8.491- 1 oo o 6 !3 1 sO (19 n J - 180(173 7) ! 

Grade 

CED Grade Ill 

-· --

CED Grade II 

CED Grade I 

I T~tat (Under-m,irition) iiMJ ~1s.so -rl29 (20 811 1 11 (26 6sY 240(~3 _~7lj 
Figure in parenthesis indicates percentages 

20 
18 
16 

if) 14 
(1) 

:::12 
~ 10 
(1) 

~ 8 
~ 6 
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Grade-Ill Grad e-ll 

BMI 

Grade-l 

0 Male 

fiiD Female 

Q Total 

Figure 3.29: Bar diagram slwwing the sex specffic prevalence ofd{fferent grades ofC'ED 

among the Rajhanshi individuals 

3.2.12.2. Age am/ sex specffic prevalence in different grades of CL'/) using B1Wl 

The age and sex speciiic prevalence of different grades of CEO based on BMl among 

the Rajbanshi individuals are shcmn in Table 3./7 and Figure 3.30. The prevalence of mild 

under-nutrition ( C LD Clraclc 1 j \Yih fcnmd to be hi0:her amon12. the male individuals in the 
'- -.., 

! '1 .JL 



group of 40-49 years (24.81%) and the female individuals in the age group of 30-39 years 

(23.42%). Moderate under-nutrition (CED Grade II) and severe under-nutrition (CED Grade 

III) under-nutrition was observed to be higher among the males (5.66% and 1.89%) ?tnd the 

females (5.66% and 5.66%) in the age group of 40-49 years. The magnitude of age specific 

under-nutrition was higher among the older age group ( 40-49 years) that the younger ones 

(e.g .. 20-30 years). A lower prevalence of mild and moderate under-nutrition was exhibited 

among the males (12.70% and 2.12%) and the females (15.58%) and 3.52%) in the age groups 

of 30-39 years and 20-29 years respectively. A lower prevalence severe grade of under-

nutrition \vas observed in the age i:'-roup of 20-29 years among both male (0.03%) and female 

(O.socVo) individuals. The age specific prevalence under-nutrition based on ditlerent 

grades is depicted in Figures 3.31 and 3.32 respectively 

Table 3.17. Age and sex specific prevalence f~ld(fferent grades ol CED based on BMI 

anwng lite Rajbansl!i indh·iduals 

Grade 

CED 

Grade Ill 

JHa/es 

(0.03) 

20-29 rears 

01 

il1ales 

01 

(0.53) 

. -

30-39 years 

Females 

06 

(5.41) 

Females 

01 

(0.50) 

/Wales 

( I.H9) 

40-49 years 

. --

Females 

06 

(5.66) 

Total J 
iw~,/~--~-F~wles I 

. I 
05 13 

(0.81) I (3.13) 

-· 

C1iD 11 07 05 09 06 24 18 

Grade II 

CED 

( ."2. i '1 

26 

(4.01) (3.52) 

31 

50) 66) ( 5.66) (3 

100 

(4.33) 
j· 

80 

Grade I ( 16.18) ( 15.58) ( 12 70) (23.,1:2) (2'1 .81) (21.70) ( 16.13) ( 19.23) 

Normal 216 160 160 74 l 15 71 491 

(79.·11) (80.10) (S 1.66) (66.67) (72.32) (66.98) (67.58) (73.32) 

Total 272 199 189 111 159 106 620 416 

(10000) (10()()()) (1ll000) (100.00) (100.00) (100.00) (100.00) (100.00) 

Figures iu parenthesis iudicates percentage.) 
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Figure 3.31: Bar diagram showing the age group wise prevalence of different grades of 

25 

20 

5 

(l 
\) 

CED among the Rajbanshi male individuals 

30-39 
A9e (year} 

40·49 

· Bar diagram showing tile age group wise prevalence 

among the Rajbanshifema!e individuals 

The sex v\ithin groups es 

to be statistically not significant in the different grades (X
2 value: 7.71: d 

DGrade Ill 

!SlGrade ll 

oGrade I 

vvas 

p>0.05 versus 

l value: ! 0.44: d.f. 6: p>O ). The sex difference in the prevalence of under-nutrition 

the age groups of 30-39 years \\as statistically significant ue: ll. · d.f.J: 

differences \A.cre not signrficant in the group years cl value: 0.15: d.f.J; 

and 40-49 years <i value: 2.58; d.f.3; p>0.05). 

3.2.13. Assessrnent ofnutritional status among tlte Rajbansl1i individuals using Mlh'JC 

Nutritional status vvas also ussessed using the sex specific cut-ofT points of <23 em for 

males and <22 ctu J(>r females. as specified h) James c1 o/. ( 1994 ). The results are shov,n in 

Table 3.1 8. The n\erall prevale11Ce of under-nutrition was 40.64°0. while )9.36% were 

normal (Figure 3.33). The sex speciiic prevalence of under-nutrition \vas observed to be 

slightly higher arnong the rnnks than the females ( 40.97% \ ersus 40. 17%) Using SJS. 



the sex difference in the prevalence of under-nutrition status was not statistically significant 

(i-value= 0.03; d.f.l; p>O.OS). 

Table 3.18. Nutritional status of the Rajbanshi individuals based on 

internationalzv accepted cutoffs of MUAC (after James eta/. 1994) 

Nutritional status Males Females Total 

---- , ___ _ 

Under-nutrition 254 ( 40.97) 167 ( 40.14) 421 (40.64) 

Normal 366 (59.03) 249 (59.86) 615 (59.36) 

Total 620 ( l 00.00) 416 (100.00) !036 (100.00) 
I 

-- l 
parenthesis indicates 

Normal, 

Undernutrition, 
40.64% 

Figure 3.33: Pie chart showing the prevalence under-nutrition based on Jvll!AC cut-offs of 

James eta/. (1994) among the Rajbanslt i individuals 

3.2.14. Assessment of nutritional status among the Rajbans!ti individuals using the 

combination of iv!VAC witlz B/v/1 

The nutritional status of !he Rajbanshi individuals vvere also classified usmg the 

combination of l\1UAC with BMI (Table 3.19). The results arc also graphically represented 

in Figure 3.34. It was observed that 17.26°/o and 20.67<j<J of the male and the female 

indi\ iduals were below the combi!led under-nutrition cut-offs of tvll AC B L sex 



difference was however. found to be statistically not significant (X2 -value'c~ 1.31; d.f.l; 

p>O.OS). The results also indicated that 3.55% and 6.01 %> of the male and the female 

individuals who were undernourished using BMI (<18.50 kg/m2
) exhibited normal MUAC 

values (x_2 -value= 3.17; d.f.l; p>0.05). The prevalence was higher among the males (23.71 %) 

than the females (19.47%) in combination of undernourished MUAC and normal BMI 

(> 18.50 kg/m2
) although the sex difference was statistically not significant cl-value 1.68; 

clf.1: p>0.05). lt was also seen that 55.48~<) and 53.85% of the male the 

indivtduals exhibited normal BMl and MUAC values (x_2-value - 0.08; d.f 1: p>0.05). 

Table 3.19. Nutritional status l?[ tfze Rajbanshi individuals based on classified according to 

JHUAC with BMJ 

MUAC 

Cuf-(dfs 
- . 

<23.0 un 107 (!7.26) 

Males > Ocm (3.35) 

(N=620) Total 81) 

<22.0 em 1)6 (20.87) 

-

Females 2:22.0 em 25 (6.0\) 

(l'/=4 I 6) Total \ 11 (26.68) 

Figures iu parenthesis iudicates percentages 

(55.48) 

491 (79.19) 

81(19.47) 

224 (53.85) 

305 (73.32) 

Tot~T- ---~ 

i:\4 ( 4() 97) -I 
9 ) 

620 (100.00) 

167(40.14) 

249 (59.86) 

.. -

416(100.00) 

3.2. I 5. Prevalence l~f overweight, obesity and regiollal obesi(r among the Rajbanshi 

individuals 

The pre\ alence or o'v·enwight. obesity and regional obesity among the Rajbanshi 

individuals were evaluated using the derived indices of BM! (>25 kg/m2
), WC (males: ::0:90 

em: females: >SO.OO). \VllR (maks >0.9: females: >0.8). WHtR (-~0.5 for both sexes), PBF 

(males: 5°!(): !'emales: > wo;i J and L:SKF (>50 mm). The sex specific prevalence is 

that Blv'!l was used to assess overweight 
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and obesity, only 4.63% of the individuals had BMI values >25 kg/m2
. The females were 

more overweight and obese than the males (6.97% versus 3.06%) (p<O.Ol). 

en 
w 
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0 

Figure 

o BMI <18.50 9 BMI 2:18.50 

< 23.0 em 2:23.0 em < 22.0 em 2 22.0 em 

Male Female 

· Column diagram sflowing 

among the Rajbans!ti individuals 

regional \\LIS USJ , it \\dS 

overall obesity v\as 6.56% (N CJ8). The sex ·fie prnalence was higher among 

females (13.70%) than the males (1.77%). This prevalence v\as substantially altered when 

\\if-{R and 'vVHtR were taken as indicators of obesity (\VHl\: 5(J. Vv'HtR: 21.14%. 

sex. specitlc usmg two indicators was also higher among the 

females (81.73% and 32.45%) than the males (40% and 13.55%). The prevalence high PBF 

and :LSKF Y\erc 0.87~;(~ and 2.12%) among the individuals. The sex differences vvere observed 

to be statistically (p<O.Ol ). /\ total of 6 males and 1 (J females nhibited high skinfold 

thickness (0·97~/o versus 3.85 %) (Table 3.20). The levds or adiposity were signilicant!y 

higher among the females as compared to the males f(n all the anthropometric measui·es and 

derived indices (Figure 3.35). Tlwre \\CI'C stati.~tically signifiullll sex ditTerences in BMI C;('-

\ al uc : d.f. i. 0.0 l ). \\'1-!R ( -value .06: 

0 



d.f.l, p<O.Ol), WHtR (l-value -c 33.89; d.f.l, p<O.Ol). PBF (x2-value c- 5.24; d.f.l, p<0.05) 

and l:SKF Cl-value '-" 9.46; d.f.l, p<O.O 1) (Table 3.20). 

The combination of the single and combined anthropometric measurements and 

indices were also utilized to assess overweight obesity and elevated adiposity among the 

Rajbanshi individuals (Tables 3.21 and 3.22). The prevalence is graphically represented in 

Figure 3.36. ft \Vas observed that 3.06%. 40.00% and 13.55% of the male individuals had 

higher level adiposity. overweight and obesity using the single indices or BMI (>25 kg/m2
), 

WHR (>0.9) and WHtR (~ 0.5) respectively. The prevalence v\as 3.06%. 2.42% and 11.94% 

B HtR, between WHR and WHtR. 

The combination of BMf, WHR and WHtR had 15 individuals belonging to the risk group 

· indices. seemed to higher prevalence in all the 

measures than Sl 81 7Jf% and 

3 the females exhibited higher levels of adi using BMI WHR 

and WHtR ) respectin.·ly. The usage the combination of two indices. BMJ and 

WHR. BJ\!ll and WHtR. and WHR and WHtR shm\ed that 6.2 3.13% and 31.49% ofthe 

females exhibited increased risks of adiposi Only 13 (3,!3%) of Lhem was in the 

::; adiposity indices of BML HI< R. sex ddTerences in the 

prevalence of the individuals falling in the risk of ilt-hcalth were evaluated utilizing the x2 

analvsis (Table 3.23). The differences vvere statistical!\ significant in BMI. WHR. WHtR, 
J J ~ 

BMI and WHR, and between \\' HR and WHtR (p<0.05) whlle the differences were not 

statistically significant between BM [ and \VHtR. and between BML WHR and WHtR 

(p>0.05 ). 



Table 3.20. Prevalence o.f'overweigllt, obesity and regional adiposizv among the Rajbanshi individuals 

Males Females Total 

(N== 620) (N=416) (N=J036) 

1 

p value : [value d. f. 
I 
I 

Index 

48 I 

7.78 1 I 0.005 

I I 
Over weight 

- ' (B}vfl > 2 5 kglm-) 

Abdominal obesizr 968 (93 .44) 49.69 J 0.000 1 

WC* 11 ( !.77) 68 (6.56) I 

i--------------------------c-----3-7_2 ______ 1 () 0. 00) 44 8 ( 4 3 .24) 4 7. 06 I \ I 0. 000 ~ 
Ohesitv 248 (40.00) 588 (5G.76) I 1 l 

I • I • I 

JfHR** 

WHtR *H ~ Normal ~ 536 (86.45) : 281 (67.55) I 817 (78.86) 33.90 1 0.000 

Obesizv t 84(13.55) 1 135( ) I 219(21.14) 

PBF*"'** Normal i 618 (99.68) : 4l)l) (98.32) i 1027 (99. J 3) 5.24 1 0.022 

Obesizv 1 02 (0.32) i 07 ( 1.68) 09 (0.87) 

HighSkh~foldfat .\'orma! : 614(99.Cl3) 400(96.15) 1014(97.88) 9.46 0.002 

(l..SKFj High ; 06 C0.97) ·; 16 (3. ) I 22 (2.12) 

Figures in parenthesis indicates percentages 

["'WC: males: ::_90 em; females: ::_80 em (WHO, 2000; Lau eta!., 200 · HWJIR: males: >0.9; females: >0.8 (Webb et al., 2002,· 

Huxley eta!., 2007); ***WHtR >0.5 for both sexes (Hsieh and A1uto, 2004j; ~:·~<H PBF: males: >25%; females >30% (Pollock and 

JYilmore, 1990; Dudeja eta/., 20()]); "'i.SKF >50 nun for both sexes (Dudeja eta!., 2001)] 
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Figure 3.35: Bar diagram showing the prevalence of overweight and adiposizv among the Rajbanshi individuals f*WC: males: ?:_90 

em; females: :::_80 em (WHO, 2000; Lau eta!., 2007); uwHR: males: >0.9; females: >0.8 (Webb eta!., 2002; Huxley eta/., 2007); 

'"*'"WI-ltR >0.5 for both sexes (Hsieh and Muto, 2004); **** PBF: males: >25%; females: >30% (Pollock and Wilmore, 1990; 

Dudeja eta!., 2001); I.SKF >50 mmfor both sexes (Dudeja eta/., 2001)/ 
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Table 3.21. Number of Rajbanshi males (N=620) who 'might be at risk of ill health' as 

assessed by a single and a combinaaons of different anthropometric adiposi(F indices 

j N ;,mbe r ~( i ndi vi d u a Is . l'ercen tage 

I 19 3.06 

] 248 I 40.00-
I I I 

·----------------!-· ... ---------·--· --··---~-- -·-r---------,5 i 
1 s4 1 !3.ss 
I 

-- - I .. - ... - -·--- .. - -- .. 

I :: ::: I 
' I 

1 74 1!.94·--J 
I I 

nil!ii-o._jl -~.s ___ ·- - - - ·- --2~4~:2'------j 
I I 
! I 

~-~~dices 

~--BMI ~2 5 -kg!n? 

hfl!IR >o.9 
I 
L____ ___ ·-~-~-··---~---··-··- --
1 WlltR >0.5 
I -
I 
i-·- -- . - .. .. .. .. .. . .. 
I B.NJJ ?::25 kglm

2 
and WHR >0.9 

I 
I /JiliJ kglni and fVlltR 5 
! 
l 
f--··-- ... ----- ---·-- . -

! WIJR ?::0.9 and U1ltR ?:.0.5 

Uajbanshifemales 16) lt'flo 'might be at risk health' as 

asse..,·sed by a single and a combinations of different anthropometric adiposizv indices 

Indices Number of individuals Percentage 

29 6.97 

WJIR >0.8 8 L73 

ff~"/ltR >0.5 135 32.45 

26 6.25 

13 
. ) 

BJJ,ff ?::25 kglm- and WHIR ?:_0.5 3.13 

_._ -

WHR >0.8 and Wl/tR ?:_0.5 131 31.49 

lJJl1! ?:_25 kgin/, f,Vf!R >0.8 and fVI/tR ?:_0.5 13 
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3.36: Bar s!w the male be at of ill 

health as assessed a single and combination of the adiposi(F indices. 

Table 3. dif{erences the JHtrameter 'might be at of ill ' as· assessed by a 

single and a combination of anthropometric adipusi~l' indices 

lndice5> ' x- -l'alue 
--

d.f p value 

-------·- ----

Bft11 7.78 0.005 

WHR 47.06 0.000 

WlltR 33.9 0.000 

B.MI and WIIR 5.54 0.018 

-------------~-----·-- -· 

BMI and WlltR 0.45 0.502 

WIIR and WlltR :)9.16 0.000 

BNll, Wll Rand lf'/ltR 0.45 0.502 



3.2.16. Classification of the individuals based on BMI with Jt'IIR and WlltR 

The Rajbanshi individuals have been also categorized based on BM! that included normal 

and overweight with WHR and WHtR to tlnd out the association of the higher levels 

adiposity among them. The results are depicted Tables 3.24 and 3.25 respectively. It is evident 

from Table 3.24 that only ! 9 Ct06%) and l5 (2.42%>) of the male individuals exhibited higher 

levels regional adiposity in \VHR (>0.9 and BMl (2:25 kg/rn.!). and WHtR (2:0.5) 8 

5 kg/m 2
) respectively. Higher prevalence o!· regional adiposity i11 terms \VHR 

WHtR (2:0.5) were also observed among those males who comprised the under normal category 

of BMI m1d N·· lL! A adiposity 

HtR<0.5) but higher was among male 

IV s. w 1011 of the :; i ices ( l \\ith \\'ill( W l ! tR) among the 

female bans hi it was observed 26 ((J.25%) and 14 (3.37%) 

the tema!es vvere overweight ( >25.00 ). resu a I so sl 75 

and 29.09% (N'l21) them L·xhibited higher adiposit;, but com the 

normal category of Bl\!11 (<25 kg/111~) \Table 3.25). f\ lmver regional adiposity in terms 

ofWHR and \VHtR but higher level ofRM! (~25 kg/rn=) were arnong 3 (0.72%) and 15 (3.61%) 

of the females respectively. higher levels of regional adiposity in terms of 131\!ll with WHR 

and WHtR among both the male and female individuals are I> in Figures 

3.3 7 and 3.38. 

The vvithin sex difterences betvvcen WHR and WHtR 111 the two categories of BMI 

(normal and ovenveight) were evaluated us1ng analysis. The differences are found to 

statistically significant among the male i11dividuals '' ith normal BM I (<25 kg/m 2
) and 

overweight BMI (~25 kg/m 2
) i11 respect to WHR (>0.9) '-value 8.94!: d.L L p<0.05) and 



WHtR (~0.5) (x2-value=- 35.219: d.f I. p<0.05). The differences were not statistically significant 

in both WrHR (>0.8) Cl-value'- 0.127: d.f L p>0.05) and WHtR (~0.5) (i-value= 1.637; d.f. 1, 

p<0.05) among the females. 

Table 3.24. Number of Rajbanshi male individuals (N=620) classified based on BMI_ with 

FVllR and WlltR. 

Indices B!~Jf ~~ 25 lig!n/ I Total -~ 

19 -.o-6 )- ----- T- 248 -(4o.oo) ----1 

Cut-off IBJl <25 kglm2 

> 0.9 :220 (36.94) 

FVHR o (0.00) 1 372 (60) 

I .. - - ·---·----! 

l9(J.06) 620(1 

< 0.9 (60) 

. --

Total 
-

CJO I (96.94) 

> 0.5 (11.13) 15 (2.42) 84 I 13 \. 

~ _, __ ----

WJltR <0.5 )32 (85.81) ~- (0.65) 536 (86.45) 

Total (J0 i (96. \9 .06) 

in parenthesis indicates percentages 

Table !\lumber Rajbanshifemale individcwly (N==416) based on B!v!l with WHR and 

H"lftR 

Indices Cut-off' 
0 

BMJ <25 liglm-
J 

BiUJ ~~ 25 kg/m· Total 

> 0.8 -~ !4 (75.48) 26 (6.25) 340 (81.73) 

-

WIIR < 0.8 ( 17.55) 3 (0.72) 76 ( 18.27) 

Total 187 (93.0J) 29 (CJ.97) 416(100.00) 

> 0.5 ! 21 (29.09) 14 (3.37) 135 (32.45) 

WlltR <0.5 266 (63.94) IS (3.61) 281 (67.55) 

- . 

Total -~ 8 7 ( 9 3 .(U ) 29 (6.97) 416 ( l 00) 

Figures in parenthesis indicate.'. percentages 
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3.2.17. Body fitness among the Rajbanshi individuals 

The Rajbanshi individuals were categorized in terms of fitness status based on PBF using 

the fitness scale proposed by Neim;m (1995) and Lee and Neiman (2005). The PBF content was 

evaluated using the age and sex specilic equation of Durnin and Womersley ( 1974). The body 

fitness status among thern is depicted in Table 3.26. More than half of the individuals exhibited 

risky fitness status 1.93l),0). followed b) good (10.37%). then e.'\.ccllent (l9.59°1il) and tinally 

fair t!tness status (8.11 %) (Figure 3.39). Risky fitness status \vcre exhibited by 64.68% and 

ofthe m and the fcrnalcs l ). The results also indicated 

that good and fair 1itness were higher among the lemales (27.16~;) and 16.3 than the males 

sex di (x'-value 12.89 .. d.f.l: p<O.O I) and 

fair fitness ( '-value 52. .0 l) status \\CtT to be st i) significant. 

-rhe overall sex di Ill ISti ly Slgll -value 

d. l ). These'< eva! of status is n in Figure 3.40. 

3. 2.18. Age specific bO{(J' status based onPBF among the Rajbanshi individuals 

/\gc and se.\ speci!ic litncss based un I1 13F amcmg the RLiihanshi individuals is depicted in 

Table 3.27. The results indicated status i \\ ith age among both sexes. 

with the highest number being observed i11 the ·15·-49 years age group (males: females: 

75.:16%). The prevalence or risky fitness is ahscnt in 20-24 years age group in both sexes. The 

fttness grades of 'excellent·. ·good· and l~tir \\ere l(lL!nd to be higher in the early age groups 

among thern. The se.\ differences in fitness status were ev<iluatcd using analYsis (Table 3.27). 

The values \\CIT uhservcd to be stttisticall; signilicant i11 alrnost all the age groups (p<O.Ol), 

with except in the 40-~cl years age g.oups (;{'-value :1.79, cU. 3: .05). 
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Table 3.26. Fitness status among the Rajbanslri male and female individuals 

-1 - -- .~ 

---~--~~~TT ___ PI Fitness group Males Ferna!es Total [-value 

I I I 

\ value j 

----~--· ----- ---· ·- -·-- +- -~----1- -0.~ Risky .:101 137 538 33.53 . I 
(64.68) (32.93) (51.93) 

I ___ J 
1<..~\ce/lent 105 'J8 203 cl.6l I 

I 
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! 
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(2.58) ( 16 35) ( 8. l I) 
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I 
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Figure 3.39: Pie chart sflml'iflg !l!efitne:.;.,· status itii/Oilg 1/ze Railwnshi individuals 



Table 3.2 7. Age and sex specific fitness s'latus based on PBF among the Rajbanshi individuals 

. -~?~~~~~·~-=~~~~~~-~~--~~~~L Se;d!!~;~-;;~i-1 
Excellent I Good ', Fair r.- I dj. I p 1! 

I I I I 

, i j value I value ) 
-+--·--·-~: ------+------~-----o-·-~-~· ------;---·c----~·-· L---- - ·+- --------·--+---···-:·----···~--------·~----,.., -----t:;-··--r--__j 

)8 8_) ]4 l.>l u . i )5 i 51 128 .... 14 1.) I 0.000 I 
I . I ·, I 

"7 4') (~--, '\~) 1 (9 f)--,) 1 1 
'(I ( 1 9 80) ! (-,6 •J"' i --,---, 77) ! I i 

I
. r _) . L •. _, _) ... ) . . , _) c ) l . "'" . • 1. _, ~ s L) , ( _) _) . ~1 1 .~ I 

I . I I I I I 
~----~--,------------"'---+----~~-~----~~------------------L---~-~-. ------------~--+------~ ----~+------~ 

I )4 5 l I 0 16 i 16 6 I 50.96 : 4 i 0.000 ! 
' I I I I ' / l I ) .:; \ ') \ ,. (} '\ I ., l i ') '") ~ 'l ! ... , i II (74 ... 6) I (~O.J l; (4._7) (U.85) . \~0.8_)) \ .. D) ' (.J.J .. ,.J) (I_,)) I I ! . 

; 30-34 , 1s 63 i 6 --+------_ .-6-. ---~ --rJ--~.- s1 ---:----------. --i.·-----. s ---r-----16--·~. 6 1 J4.s7 i 4 io.ooo j 

I ! : ' I I I ! I I 

!, ' I (84.00): (8.()0) ' (8.00) (Cl.OO) I •• (J5.0CJ): (16 ) I 8.07) ~ (10.53): : : ; 
l--------: ______ I ___ _j _________ 1 -------------~---~ ----·;.---------L-----------·.J------._;_---------+ -i--~~-j 
I 35-39 ! 14 1 OS i 7 I I I . 54 : 28 ' 9 ! 12 5 ! 40.55 I 4 l 0.000 i 

(in 

yean,) 

20-24 ! !55 ' 0 

(0) 

25-29 117 ! 87 

Males 

Erce//ent Good 

'91]!) (614') (088) '(')88) I ~-·g.:;) 1 J""L7) I i/!11) (l)/('); I 
( ~. • • ( I i \) j' --· \ \.).0 \~C..-"- . ·"-) i I i j 

--·--·--·------ --------r)--i] 7 ---------------~-----4·-----r------(~---~---·rl_. _____ i J --:;c;-~1: 3 ---~-- 0.2 86/ 
I ! ' 
i j I 

.CJ7) (10.81) I (16.22): (0) ! i : i 
I, I J I II I 

-~~---·-- ---~-----·--------~- ---~------------~--------~--· --------~--------·· 

9 8 · o f13.9J f 3 o.o01 1 

· I I 

57 I so 
(87.72) 

·.) 

(7.02) 

45-49 102 96 6 

(94.12) i (5.88) (0) (0) : . ( .3(J) i ( 13.04) I ( 11.59) . (0.00) I !I I I 
----- .. ____ _._____; ____ ~----~~-----------:--------------~------------~ ----------~-------------..:.-------------------~----·-----------------------~__J___---+----. ------1 

Total 620 . 401 i 105 n I(J I 416 137 I . 1 !3 68 i 127.83 i 4 . 0.000 I 
I ! 
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Figure in parenthesis indicates percentages 
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3. ·Bar the sex .\pec{fic distribution ojjitnes.'i status among the 

Rajbanshi individuals 

3.2.19 .. /)ssessment with ofbo{~l' among Rajbansfli 

The amount of ri dSSOC 1\ ith 1: among f{ajbanshi · ividuals was 

evaluated using the sex ific ct1t-oll 11ts or Sodhi (I C)i)4) dtld the results are depicted in 

Table 3.28. lt \\as I!Olicccl that lite lllajority or tile individuals had an optimal risk (76.16%). The 

individuals cornprtsin the sligittl: <)Vcnvcight and katl 11cre obser\ed to be '!2.26% 

and 7. y ( Figure 3. 41). sex spcct len cc v1 as seen to be higher in both 

the males (77.,~2(%) and the fernale:-; (7·l.28f}0) in the lean categor). !'he amount of t~1t content 

\vas found to be sig1Jillcantly higher arnong females (6.lJ7%) as compared to the males ( 1.45%). 

The sex specific comparison 111 risk l~tctor~; is shown in Figure 3.42. The sex differences were 

statistically significant in lean -\~due :26.~1: d.f. l: p<O.Ol). slightly overweight Cl-value-

9.35: d. f. I: p<O.O ll all(! i'nt -\:tlue 1 ().75: d.f I: p<O.O l) categories. Hmvever the sex 

difference \\as ob::;cncd to he stcttistiutlh nm \ignificant in uptint:il (;:('-\aluc 0.1 S: eLL I: 

I 50 



p>0.05) and obese (l-value-~ 0.19: d.f. I; p>0.05) categories. Furthermore, the sex difference in 

overall risk factor groups was observed to be statistically significant (l-value' 60.78; d.f. 5; 

p<O.O I). 

Table 3.28. Risk factors associated with PBF among the Rajbanshi individuals after Sodhi 

( 1984) 

Class(fication * lJ1a/es Females 

Lean 71 (11.4.'1) 9(2.16) 

17tl 
\' 

58 35) 69 ( l 

9(1.45) 29 97) 

Obese (Ovl'r 2 ( () (0) 

Total (!()(),()()) ij.l () ( i 00.00) 

in indicates percentages 

Totat - 1 --x2_----filT~'l. . 
- So 177/1 i i6o 1 I :--1 o~ 

, n 1 "1 I o 1 s !- 1 l o~r,-ijl 
~~ I II- o·- .-o--o-- -!27 {!2 9.35 I 

! , I 

I I 
\' 

.6 ) 
i I I 

!9.75 I I I 

! 0. i 9 ! l ·j 
78 

I I 

\ o.Oo 1 

l .. J 

CJ Lean o Optimal 0 Slightly overweight[] Fat and Over fat 

76.16% 

' - ' I' 1 



Figure 3.41: Pie chart showing the overall risk factor based on PBF among the Rajbanshi 
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Figure 3.42: Bar diagram showing the sex spec(fic distribution {~/risk factors using PBF 

amo11g the Rajbanshi indiliduals 

3 . .2.20. Age spec{fic prevalence of risk factor as.'lociated with PBF 

The results age i tic prevalence or risk 1atecl \\ PBF among the 

Rajbanshi male and temalc individunls is pt-esc:Jtcd in Table 3.29. The results indicated .that the 

age and sex speci lie distribution ol' lca11 indi\ iduals \\as hi:="hcr arnong the rnales ( 16.35%) and 

the females (2.51 %) in the 40-49 years and 20-29 years age groups respectively. The higher and 

lower prcvale11Ce of optimal risk slalus \\as observed in the age group of 20-29 years (males: 

81.99(%: females: 78.3Sll;'O) and 40-19 years (males: 71.Cl7%: females: (J8.87<;,11)) among both the 

sexes (Figure 3.43) The prc\alcncc or sligi1LI:, ovet\\ci~ht ancl obese risk groups were also 



found to be higher among both sexes in the age groups of 30-39 years (rnales: I 0.58%; females: 

18.92%) and 40-49 years (males: 3.77%; females: 16.04~~)) respectively. The sex differences 

within the age groups with respect to the prevalence of these risk factor groups \·Vere stat4stically 

significant in the age groups of 30-39 years (X2 -value 
1 

23.72: d.f.S: p<O.O l) and 40-49 years (X~-

value 25.91: cl.f.S: I). The dilli.:rencc was statistically nut significant in the age group of 

20-29 years -value 13.60. cl.f.!: I). Among the female individuals. statistically 

significant ditTerences were observed in all the age groups (x'-value ---- 21.82. d.f.IO: p<O.OS) . 

. among the ma difkrences IVel"e not 17.82. 

d.f.lO:p>CLOS). 

r .... 'We Fern ~e rJl~e fernale r/~e Fern 
20-29 )ea!'S 30-39 years 40-49 years 

----- ---------------------------- -----------~------~----~-----~----~ 

Figure 3.43: Column c/wrt slwwing the sex all(/ sex specific distribution of risk factors using 

PBF among the Rajbanyfli indil'iduals 



Table 3.29. Age and sex specific distribution of risk factor among the Rajbanshi individuals 

20-29 years 30-39years 40-49 years Total 

-

lJ1ales Females !'VI ales Females !Hales Females Males Tie-;,;~rks 
- -- -- -- ··-·- --i~~+-9 Lean ')} 5 }'' -, 26 ') 

~-1 -

(8.09) (! - l \ ( 12. 17) ( L80) ( !CdS) ( l .89) I (2.16) ~.) ) 

I 
--- --- - -- --~-----

Optinw/ !}'" 
L,_L.,,) !56 144 80 I I ) n 480 309 

( 81.99) (78.39) (76.19) (72.07) (71.07) (68.87) (77.42) (74.28) 

Sligltt~i' 25 34 20 21 I ., 
_) 14 58 

(9. 19) ( 17.09) ( 10.58) ( 18.92) ( 8.18) ( !3.2! J (9.35) 

Fat '\ 4 0 6 il 9 29 .-.. 0 

(CJJ:J) (1 .. 01) . 51) (7 .2 i) (3.77) ( 16.04) ( l (6.97) 

Obese 0 () (! 0 2 0 

(0) (0) i (0.53) (()()3) (0) (0) 

- -

Tot a! "li} 199 189 Ill 154 106 620 ._;.:;_ 

(I 00) ( 100) (I 00) ( ! 00) ( i ()()) (I 00) ( l 00) 

Figure in parenthesis illdicates percentages 

3. 2.21. Association (~{the socio-economic, demographic and lifeso1e related variables ~vith 

under-nutrition, regional adiposity among !he Rajbamhi male individuals 

The association pf socio-ecunomic. dcrnugraphic ami Jiles!\ k related \ariables with the 

prevalence of under-nutrition and regional adiposity arnon~ !Zdjbanshi male individuals is 

depicted in Table 3.30. The cornp;1risons with respect to under-nutrition ar1d regional adiposity 

were made with the respective S\leio-economic. demographic and iifestylc related counter 

variables. 



Table J:.w. Association of the socio-economic, demographic and lifes(vle related variables 

with under-nutrition and regional adtiJosiZF among the Rajbanshi male lndividuals 

I -- . 
:Age 
i 
i 

f (in years) 

I 
I r ... 
1 Education 

Occupation 

Income 

(in Rupee\) 

Per capita 

income (in 

Rupee.\) 

Fami~v size 

Dependent 

i 20-29 
I 

i 
r----~------ -- .. 
1 30-39 
I 

140-49 
I 

!Illiterate 
I 
I~-------- --

I Up to primm}' 
I 

I 
I c')'ecomtarr aud I • 

I 
1 above 

I 
! Cultimtor 
I 
i r· ~- .. ------·---.- ---

1 Labour 
I 

I Other, 

I ::.4oou 

14 (j{) 1-fJ{}()(} 

! 
r.~- -----~-~--- -- -
I 6000> 

I Upto 700 

1701-1400 

11400> 

1~ 4 
I 

1.1-6 
I 
!;7 
I-

I I 0-1 

Number oj' BMJ WJJR(>0.9) WlltR(>0.5) 

1nale.\ (<18.50) (N=248) (N=84) 

(/V=l29) 

'272 98 ( 36.03) 32(11.76) 

159 

104 25 (24.!Jcj) 

il3 21 ( 19Xi) 

157(38.96) 

127(389Ci) 48(14.72) 

----

19(1 l9 \ 19.9U) 

. (J] (.'21.88) 

. ·--

20(11.93) 

I I 0 l)()(21L)5) 

I I C1 

193 10 (20.71) 74 (]8.34) 27 (.13.99) 

(J0 ( 19.1 I) 129 (41.08) 35 (1 1.15) 

!U ( i8C)(J I 



children 

Family type Nuclear 

lJo/;,;;" ~xt-_n;ied 
I Marital star;,-;-- I u;-;;;l~;;~-ietl __ _ 

I I Mt;,ried tmd 

Widower 
I 
r· Drinking water I (J!vll well/tube IV('// 

I facility /-i;L;blfc or slu;red 

r- -Toilet facility l Yes 

I I No 
I I 
~-~----- ----------------L--- -------------

i Land flo/ding I < 2.5 acre.\ 

! I 
I pall em I > 2. 5 acres 
I I 

I House I Bricf..ed 
i 

I 
i 
I 

r-s~;;ci~-e~-(;Jl()J~ic 
l 

I status 

hl;nts;IT~J!rl /ivi11g 

I , .. 
i COIU !It Oil 

i --
! Expenditure 

I 
I groups 

I 

I Nuu-f;ri~ke~l 
I 

·j Low
r 

I Jl!fedium 
I 

/n iglz 

1---- - -
1 Low !o Jl-'!edium 

j 
I ::= 80% from iuco111e 
i 

I < <~0% from income 
j 

,147 

- -

173 

178 

170 

150 

362 

58 

[()) 

/~ )7 

Jil 

277 

Figures in parenthesis indicates percentages 

1 n c 12.68) 
I 

-1"1 (20.6(;-j-- -~-94 (44.13) 

i 
15 (22.96) 

j··-~- __,------------ -----
1 6.) (.J2.14) 

88 ( 19.69) 

.J] (23.7()) 

1n 1 18.78) 

t) I I I C) 36) 

12 I 16. 

--
11) (~20 16) 

~' ; i I i. i I i 

11\t'. :-,-, 1 (\\ 
1 \}\..) \ ~-'' ! J} 

9! (2)_g(J) 

1 1-1 ( 15.88) 

I 

I I 66 (3 7. (4) 

I - - --- -
i 82 (47.40) 
I 
I 

i '"'00 ~-;-i L. (! ).,~)) 

186 (39.57) 

62(41.33) 

132(36.46) 

21 { 11.38) 

81 (:' 153) 

l6i (3'189) 

l 15 (39.79) 

133 (40.18) 

103 (4:1.78) 

i 37 (39.94) 

I l l ( 40.07) 

58(21.98) 

5 (8.43) 
... ~ _j 

69 (·15.61) I 

I 
5-H 1!.49) 

·-· - --~--- --1 
15 (25 

32(19.63) 

54(16.31) 

c]Q ( 17. 78) 



3.2.21.1. Association of the socio-economic, demographic and lifes~ple related variables with 

BMI among the Rajbanshi male individuals 

The age specific prevalence of under-nutrition \Vas higher among the males comprising 

the 40-49 years (27.67%) followed by 20-29 years (20.29%) and finally J0-39 years (15.34%) 

age groups. A higher prevalence of under-nutrition was observed among illiterates (24.04%) and 

'others· in the educational and the occupatiulwl c:ttcguries respectively (23.47%). Those 

comprising the <3000 ) per-capita income groups were 

also more susceptible to under-nutrition. The preva!eJlcc oi' under-nutrition \\aS observed to be 

hi 

18. 

11 utri t \\as 

or 

~7 rne:n 

com 110 
tJ 

nking \\ater 

) ;md chiidrcn categories. 

( l ().I l 

. In Ci!SL' or l~tllliiy type mm1tal status. pre\ ale nee of under-

among rn~!les bclollg1ng to the _ioint or extended families 

c individ s tng · 

a hi er 

under-nutrition 5.33% aml 2f.()3c~'o). I jlt·cvalencc u:· undcr-tlutrition was higher among 

those having a land holdi of >2.S acres(:=''+. 1-l':<)) ami ;t Ill tit-bricked house (24. I l %). The 

differences in the sub-categories of the dill'crcnl \arictbks u11 prevalence of under-nutrition 

that the eli \\ere stltisticlil\ not signi ill in cnsc> ol· all variab (p>O.OS), 

except in house type. living conditions and c'\pcnditure gt·oLtps (p<O.OS) (Table 3.31). 

3.2.21.2. Association of the socio--economic, demographic and lifestyle relat(!d variables with 

WHR among the Rajbanshi male individuals 

·rhe prevalence or high lcv,~ls ol· rc~rio1d adipo:;itv (\VHR! \vas ussociatecl vvith those 

male individuals belonging to the :W-3<J :c~w.; <lgc group (-1:'\ 50°1o) a11d those \\ho studied up to 



the prrmary level (46.90%). A lower prevalence was (i._-,und tn the 20-29 years age group 

(36.03%) and those who were illiterate (36.54%). 11igh Wlii.Z v.ere observed in case of daily 

labour (48.47%) followed by cultivator (38.%%) and finallv the 'others' '(26.53%) in the 

occupational category. Those comprising the rnonthly illCUITJe of Rs. >6000 and Rs. < 1400 

catogories (41.67<!/o and 42.24%) also had higiltT levels ui· adiposity. ln case of family size and 

dependent childre11. a higher prevalence \\as 11oticed in )-(J members (4!.08%) and ·2 children' 

categories ( 4 J .08%) and 44.! ). Individuals belonging lo the joint or extended family type and 

married and widower groups also c·-:hibited higher levels of <.tdiposity. I hose male individuals 

1c or ing \Vater \\ ith 110 toi iet 

44. ill !ding and type 

bricked l) pc also had a 

higher (4!.18% and 51 ). In ...::tse of sociu-e...:unumic status. d living 

and iLure groups, hi levels I . . . . 
i!lJipO:;I \\Cre !(lulld 1n the medium 

higher living it ion 7 iture ( 40 groups. The 

differences in the sub-categories ol \ariabk::, \\ere statistical!\ not sig11ificant (p>O.OS), with 

marital status -value 8.05: ci.f. 1: p<O.O'i) and hou~.c type ( '-value 5.00: d.f l: p<O.OS) 

being the only exceptions (Table 3.3/). 

3.2.21.3. /L'isociation of the socio-economic. demographic am! l{f'es~!'le related variables with 

WHIR among the Rajbanshi male indil·idua!s 

Higher levels or adiposity. based on \\lltR. \vere observed among the male individuals 

comprising the 40-49 years ( 18.24(;'()) followed by 30-39 >C~lrS ( 12. 17%) and finally 20-29 years 

(11.17%) age groups. Illiterate males and cullivatms siW\\l'd high WlltR (1().35l!fo and 14.72% 

respectively). A higher regional :td ipoc,iLy \\ :ts l(Hmd a1nott~2 in the llighet· monthly income 



c 

(Rs. 6000>) and higher per-capita income groups. The prevalence was aiso higher in the families 

having ?-7 members ( i 9.47~()) and those havi11g 0-l dependent children ( 17.53%). Higher 

adiposity was also documented among the males in the nuclear family and those married and 

widowed. Those individuals using public or shared \Vater t~1cilities and having no toilet facilities 

( 17.83%) also exhibited higher levels of adiposity (20.0(Jl/o and 17.83%). Male individuals 

0\.vn mg acres of land and having fmck houses had higher levels of adiposity (25.86% and 

19.63%). The results also indicated that th()sc longing to the medium socio-economic group, 

high living condition ancllmver expenditure also cxl1ibited higher levels ofadipos)ty. The 

differences on the prevalence of higher adiposity in sub-categories of the variables were found to 

statistica!lv sign ficanl in 1ncomc. status. nking \Vater facility, 

let facil cl living and expenditure 

grou ) . di lCCS \\1:re llOl stati II) si~Jlillcant in occupation, 

i!y s1ze. depe11dent chi 1. Lu11ily l) pc nnd socio--economic status (p>O.OS) na 
b 

ysis (Table 3.31). 

3.2.22. Association (~l the socio-economic, demographic and Nfesz1·le related variables with 

under-nutrition, regional adiposi~r among the Rajbanshifemale individuals 

The association ol· socio-economic. IC li le related variables with 

under-nutrition and regional adiposity bused UIJ 13!\11. Will<. and Wt!tR among the Rajbanshi 

female individuals are depicted in Table 3.32. The cornparisons with respect to under-nutrition 

and regional adiposity were mack \\ itll their respective socio-econornic, demographic and 

lifestvle related counter variables. 

i ~' l) 



3.31. Differences between different sub-categories of socio-economic, demographic 'and 
(-

!ifes(vle-re/ated variables, with BMI, WIIR and WfltR mnong the male Rajbanshi individuals 

[: 
-- -

BMI (<Ui.5 Aglm3
) IVI/R (>0.9) W/JtR (>0.5) 

i-vahie 
) 

------

I ariable p x· -l'{f/ue p /-value I 

-----~--- ---- ·- ----

Age 5.177 !.773 2.992 

- ------------------~~----·--- -- - ---------

Education U.53CJ U.7M 1.256 4.085 O.l 

-

I 0. 84 2 5.9-l-'! 0.6! 8 

income 2.522 0.283 () 11.76 

Per capita income :uos ... 114 ! .7 (J I 8 14 

-· -------------

Fami(r size i..386 U. 0.159 

Dependent children 0.645 3.2tW U.! lJ.-f 3.681 
1 
I ----

Fami(v (J!pe () 8 U.3 7~} ~-~7~ 0.132 0. 9 0.560 

-

Marital statw .. - U.l 17 g_():"() I 0.()04 4.379 

-------------- ----- -·- ---- ----· 

! )71 U.2U9 (),()(<2 CUWJ 5.159 I 0.0231 

- ---

~.(yf(} ()_ 0 56 I (J24 0. l CJS 5.213 0.022 

Land holding pattern 0.27(J (J..~l)l) () 022 0.882 5.754 

House ~rpe -1.095 U.O,l3 .UOO 5.148 

Socio-economic status 2.02:; 0. I 55 (1.U04 3.456 0.059 

Household living condition ~.95:! 0.047 ::>.071 0. 150 4.045 0.044 

Expenditure group i.870 U.U27 0 ()()() I .00 4.615 

l (;U 



Table 3.32. Association of the socio-ecOtwJnic, demographic and i(j"eszp!e related variables 

with under-nutrition and regional adiposi(F among the.female Rajbanshi individuals 

--
Variables CategmT 

A.ge 20-21) 

30-39 

40-49 

~ 

lo.'ducalion 11/itemie 

prima1y 

aut! obo ve 

Occupation Cultil•afor 

Labour 

llousew{fe & other) 

Income Upw 4 000 

(in Rupee:-.) 40() 1-6(}(){} 

6()()()> 

Per capita upto 700 

inconw 7() 1-1400 

Rupees) /4()() > 

Family size <4 

5-6 

7> 

Dependent 0-1 

Frequency BMI (<18.5 

(N=4!6) 

(N=J 11) 

I tJCJ l9(19.60J 

Ill 37 (33.3~) 

l ()(, 

-- - . -. 

i j 7 lS(J:?IS) 

10 (26 i2) 

II~ 

I Wl \ ( 2(1 I I l 

u ( 1177) 

() I 

70(31.11) 

I()() 17 ( 17) 

I I(, 17(32.19) 

1% 16 (2-L llJ) 

j () !_ 62) 

WIJR 

(>0.8) 

(N=340) 

WHtR 

(>0.5) 

(N=JJ5) 

I Tl ( 88.94) I 71 (35_6-8)"] 

~7 (78 :8) I ::~: 1:: I 
;6(71 .. 0) I _)_,L.J.o._fi 

, I ' - -, ·::._--·-.--r---~-~----~1 
!0~'{89.i-l)l38 I 

I, v,,;)- .. 1 (J_)(gj_ lV 
', II 

I , 

I 72 ( 77.cl8 l ! 61 8'3)--l 

I I ()1(727 '16(18.18) I 

I 
l )CJ(/::167) 

2:2 (81.70) 107 

123(~3.11) 36 
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Childre~-- 2 ~- -------: ----

r - - l 

I 

> 3 : 

F'ctmily type Nuclear 

I Madia/ status 

! 

~-~ - --- .. 

I Drinkino water 
I n 

I facility 

l'oilet_{acilitj' 

Land 

Pat! en/ 

House 

,~'ociO-I!COilOilliC 

status 

---- ---

/Jouselzo/d living 

condition 

Eq; e mli t u r e 

group 

Joint & Et:teuded -r ----u;"w,~;,;, - -

j JVla rried & 11 ido w 

--~-

1 Own well or Tube well 

L 
I 

! 

Public or shared 

I 
I-

I 
No 

< 2. 5 ltCt(!.\ 

> 2. 5 acre.; 

Bricked 

Non-bricked 

Low 

l~f et!iwu 

lli;;h 

Low to I\Jediwu 

~ 80%_/i·onl income 

< 80% _fi·om income 

Figure in parenthesis indicates percentages 

120 17) 

--
138 15 (25.:16) 116 (8,1.06) 

301 89 (29.)7) 249 (82.72) 93 (30.9) 

II 5 22 ( 19.13) 91 (7913) 42 (36.52) 

!OJ 28 (27 72) 22 (2!. 78) 

1 !3 (35.87) 

3151 I().[ (27.08) 

(21.88) 

' " ! ' nn1 O\ . I 

-

I 130.45) 

t2h.72) 

7!i8U.13J 

l 
i :?.66 (82.1 0) 

----
86 (26.54) 

I 

)(,I l\J5 (:29.09) ~lJ7 ([-C 27) 102 8.25) 

(l(lO.lJI) ·13 I 78 I 8 J 3 3 (60. 00) 

_)I (20.13) 

80 (30.53) 2 I I (8168) 77 (29.39) 

C8(30\J1) li:\1 (81.)]) 57 .68) 

11(22.1()) ( 40.21) 



3.2.22.1. Association of the socio-economic, denwgrapflic and lifes(rle related variables with 

BMI among the Rajbanshifemale indivhluals 

The age specitic prevalence of under-nutrition based on BMI was observed to b€ higher 

among females comprising the 30-39 years (H.33~lo) f\.llluwed by 40-49 yeai·s (33.02%) and 

finally 20-29 years ( 19.60~0) ag~ groups. !!literate femaks and those engaged as cultivators 

showed a higher prevalence or under-nutritiu11 {32.48'io 26.1 I %1. ln case of income per-

capita family income. a higher prevalence \\as observed in the categories of up to Rs.4000 

(34.46%) and Rs.700-1400 (3l. \ l %) respectively. The 1csults also showed that individuals 

having a family size of S;:l mem 

of under-nutrition (12. 11ce \\ also f()und 

to diT10ilg 1\ s ily ( 57~'o) and unmarried 

Fe11 l\ "lities and ·no 

toilet' !lit\ alc.;u sllU\\t~d higher lllCI 
,. 

()I status 

7 ·vel)). The prcva \Vas ~li c,o to h those 

ownmg <2.5 acres of land (26A5~u) a11li possessing non-bricked houses (29.63%). Higher 

prevalence was arnong thus,: l·eJnales 'uvitlg u high living condition (30.53%J) and high 

under-nutritton \Vas obscncd to swti h not it'icant in ell! variables 

(p>0.05). except in case o[· house type (/-nluc -l.O I; d. L I: p<0.05) and socio-cconom!c status 

Cl-value-· 5.23: d. f. I; p<0.05) (Table 3.33). 



3.2.22.2. Association of the socio-economic; demographic and lifes(ple related variables with 

WIIR among the Rajbanshifemale individuals 

Higher levels of adiposity using WHR were observed among Jemales aged 20-29 years 

(88.94%) and illiterate (89. 74%). Occupation spcciJic prcv;lience oC adiposity was four1d to be 

higher among housewives and ·others' ( 8:1 ) followed by labour (81.67%) and finally 

cultivators .73%). Female indi\ iduais cn1nprising the up to Rs.4000 incon1e group (83.11 %) 

and Rs.> 1400 per capita income ( C.\hihi hi prevalence of' adiposity. Higher 

adiposity was also noticed an1ong those having >7 mc1nhcr family s1ze (83.78%) and =?:_3 

ld ren results further suggestl~d that females in the nuclear family 

a11d \\ status hi prevalence 

of under-nutt·ition. High pre\ a r O\Vn water 

sources 7 and ving ·IHJ toi · lcic:ilitics (81 8f) 0 ln case ol 

\1 as I(JU 

cl ul' iposit) i\as also 111 IO\\ socio-economic 

categor) 7 li1 i11g condition (1-5 l .82'/(J) and I em income (81.96). 

adiposi 11as found in the rncdiu1ll socio-ccOilOillic catcgur; (82.2 ). lov\ to 1um liv 

condition 1.82%,) and high e\pcncliturc (X I :"':\ ) category. eli ence 

of hi adiposity i11 the su ·cs \\CIC stutisticalh lilli sig11iflc<tr1l in all !C, 

demographic and lifestyle related variables using analysis \P'O.OS) (Table 3.33). 

3.2.22.3. Association of the .wcio-economic, demograp!Jic and l{("e.~'~J'Ie related Pariables with 

WHIR among the Rajbanshifemale individuals 

The prevalence of higher level ul" c~dipchit~ using \\'HtR i11 terms of socio-economic. 

demographic a11d lifestyle rciatccl l~iCturs .~llm\cd that age specific values are found to be higher 



among females aged 20-29 years {35.68%) followed by those aged 40-49 years (33.02%) and 

finally by those 30-39 years (26.13%). A higher adiposity 1vas also observed among 'illiterate' 

(32.48%) and 'housewife and ·other· (39.93%) in the variables of education and occupation 

respectively. A higher prevalence of adiposity I\ as also docurnented among those with a monthly 

income of >Rs.6000 (50%)) a!ld <I pcr-capiLt incollic of' Rs. I 100 ( ). !11 cilse ot'l~trnily size and 

dependent i!dren. higher and p1·evalc1JCC \Vets uh:-;cn eel in the S-6 rncmbers and _::::4 

members family size 33.6 and ~10. and 0-l depemknt and >3 children (34.8!% versus 

28.26%). Individuals belonging to the joint or married and 

S. ) marital status e\hibitcd hi prevalence of adiposity. rhose having their 

\\atcr LH:il it hi 

of (32.R l and )_ 'ng tn lin.: 2,5 ane land hold 

and 

further that 

living ition and lo\\ cxpenditmc ['rll !p<o iJig!JCI' piC\ctlCnCC o!' adipos (W%, 

and 40.21 respective!:-,) The dilfercnccs in till' 1xev;!lc1JCC oC hi acli 

sub-categories or the sociu--CCOilOillic, dclliOgrC!phic and Iii' lc-n:!<.lll:d \ dl'iables 

significant statistical dilfercnccs e\isted 111 (h.:cupation. 1ncurnc. ita mcome. 

socio--econornic status Lind e:"pemlilui'l' catcgot-il'S ( ) - l cliiTercnces were not statistically 

significant in age, education, !~unil~ size. dcpcmlent children. t~unilv type. marital status. 

drinking water l~1ci!ity. toii:.:.'t t~JCilit). l:md!wlding p;lttcm and household living condition 

(p>O.OS) (Table 3.33). 



3.2.23 lJ1ultinomiallogistic regression model jitred on tlu.: socio-economic, demographic and 

lifeszvte related variables among the male Rajbanshi individuals 

A multinomial logistic regressiun analysis model \vas titted on the socio-economic, 

demographic and lifestyle related variables to cstimak the odds of hcing a male individual 

undernourished and over nourished. The as:suciatiun of IHvli. \VHR and \\ HtR with the different 

predictor variables among the mak Rajbanshi individuals is prese11ted in Tabie 3.34. The results 

indicated that several variables had significant in!luences i11 determining vvhether an individual 

was under and/or over-nourished 

f. B!VIJ vs. socio-economic, demograpi1ic and lifl: . ..,zrte related l'ariables among the male 

Rajbanshi individuals 

for u 111 the age group or 

1.4 8: C! 0 tho~c u1 tile · DCC gmup also 

higher odds their tT 
1 -,-·, S: I ___ >: C i 0.7L2 and odds: 1.10: 95% C! 

). from thc: <!zsAOOO rnonthi\ income and <Rs. 700 per-cap 

income brackets exhibited hightT odds ut" 1.71 ( Cl 0 ')7-1.08) and 2_()_) (9)ll;;J C! 1.00-4.11) 

respectively. Family size of>7 individu~il~ ~Itld ·.1 depcndc!ll children hi!d higher odds than their 

respective refer·ences (udd~: 1.12: lJ.~ C l U. udd:--: 1.27: Cl 0.79-2.0(J). Higher 

odds have also been observed among indi\iduals frorn joint or c.\.tendeci h1milies (odds: 1.27; 

95% Cl 0.83-1.93) as compared to those rrom the nuclear t~u11i!ies. The results also indicated that 

married males and \\ido\\erc; \tad lm\er udch (odds: 0.66: <)'; Cl 0.44-.0()) them the unmarried 

individuals. Individuals usi11g public()!' sllilr·cd dt·i11king w<ltct ii1cilities :md possessing ·no toilet' 

facilities showed 1.42 (9Y/;J C! 0.92-2.18) w1d 1.()_1 (95°'~) (! 1.08-2.4'1) times higher odds than 

the reference variabks respective!\. In case oi' house types.:~ higl1ct· odd \Vas noticed in the non-



bricked house type (odds: !.84: 95% Cl 1.12-3.0 I) than the reference group respectively. 

individuals having lower socio-eccmornic status <iild lO\\!.:T-mcdium household living conditions 

exhibited higher odds of 1.42 (95% Cl 0.96-2.09) and !.70 (95~;(> C! !.I 0-2.6) respectively. 

Those individuals belonginQ tu a hiuher ext)cnditurc baroun had signiticantly~ higher odds of 1.75 
~ ~ 0 t I ~ 

C i 1.16-2.62) than the rderence categm_\ ( p<O.O l ). 

3.2.23.2. WIIR vs. socio-ecomnnic, demographic and li{e\(l·le related variables· among the 

male Raibanshi individuals 

\\il In ,L +I~..-•. -l: 
VV r1f\.. L!! UIC U! rnale i iv!duals in 

9 vears and having an up lo higher 

c l .!6) i.Uid i.38 { I 0.91--~.1 i) ve 

variables. indi\ iduals n as r UCUI a significantly 

hi I if\. \\ere: assoc ith 

ih reference Rs. 

6000 and >Rs. 1400). The rcsu l'mther i1Hlicatcd that individuals f!·om a Ltmi!y size of 5-6 

members and having 2 dependent children had higher odds ol· 1.12 (95°~) Cl 0. 78-1.62) and 1.04 

(95% Cl 0.71-1.53) than the lcspcctlve CtlUIIlcr v;;riabkc; rh: ocldc; ot'joint or extended family 

\verc significant!: (odds: 95'!!; (! the nuc family. 

indi\iduals who \\C:Tc lll<IITicd <llld using public ur sha1·c,i drinking water Cacilities had odds of 

2.24 times (95% Cl 1.53-3.27) and odds ul" 1.08 time:-, (95'Y<J C! 0.74-1.56) higher than the 

reference categories. Individuals h<iving a lcmd holding ,lf '2.5 acres and ·no toilet" facilities 

exhibited lower odds (odds: 0.9'1: 95% l'l 0.54-1.6', ami odds: 0.7: 95% Cl 0.51-0.97 

respectively) as conlpared Ll the rcfcn.:r~c.:<.:s. The oc.!ds !"or 11\ll.l-h:·ickcd house type was 

significant!) lower (odds: 0.5 \: ') Cl U . .l7-U.76) thu:1 tile bricked type. Lm\er odds \\ere 

I c ~~ 



associated with those individuals cornprising the low socio-economic status (odds: 0.98; 95% Cl 

0.71-!.34), lovv to mediurn household living. cundiLion (odds: 0.69: 95%) C! 0.49-0.96) and high 

expenditure (odds: 0.99: 95% Cl 0.72-1.37) gmups than their respective rererences (Table 3.34). 

Table 3.33. Differences· bet;veen the differc'nt sub-categories of socio-economic, demographic 

and l(fes~vle-related varia hie.,, with BMI, JVIJ R and 11/lirR among the female Rajbanshi 

individuals 

Variables 

Age 

Education 

Land Ito/ding pattem 

House type 

Socio-ecowmzic status 

.. 

rVfi R (>0.8) 

x1
-\'1/1Ue I fJ )'(1/l/i' i-\'(l{Ue /)value 

o. 1 o~· 

"----

s.=::::s 

1.73::' 

0.0 i::' 

U.OOl 

1.007 

'. 2() 

ll. '-J)(; 

u.un 

r\ I 1 \) 
U.! 1 u 

(I i::' I 

() (J jl) 

U. i IS 

U. lJ/--l 

U.U::'::' 

lL \ _) 

l .. s 16 UA68 

0 .6C' 0.718 

-+ 
0 985 

0.986 

-"--

0 ()}) 

0.:.:'77 

0.01!1 

O.OU I 0.975 

O.I'J I 0.662 

0.013 0.909 

0.0 i:'i 0 815 

0 (JUO 1.000 

O.Cii1 I 

' [-l'alue p 

?-'195 

l 0.358 

I O.S? 

8.077 

0. i 59 

O.CYI9 

0.60 l 0.!138 

3.746 0.053 

0 I 'i(J 0.69? I 

0.5'10 0.462 

2.151 0.142 

10.76 0.000 

9.567 0.001 

1.521 0.217 

(i. ()(i3 
0.024 ___ I 



Table 3.34. Multinomial logistic regression model fitted on the socio-economic, demographic 

and lifes(rle related variables and uutritional status anwn~:: /lie Rajbanshi male individuals 

Variable Category 

Age (in 20-29Cti) 

years) 30-39 

40-49 

Education Illiterate 

to 

Secoudwy alii! 

abo veCti; 

Occupatioll Cu!tivmor (ti) 

Labour 

Others 

Income <4{)()() 

(in Rupee.\) 

4 001 -MHJO 

().3() 

----
(' ~l ,.l u .. J', 

0.:'! 

(). 0 i 

0. I 

BMJ 

Odds 95% B 

Cl 

0.7 0.!2-

1.11 

!A8 (jl).j. 

1.:'1 0.1 I 

U.91 () 5(,. 

I()() 

l.ll) 

2 () i 0 ; 7 

05:) 1.73 () 97-

LOS 0.::'; 

(J I I I . ()( l 

Wl!R 

Odds B 

Cf 

1.02-

::'.I (l 

(' 
\..). !) l 3 

1.! 1 

I,> 9 I -

2.1 i 0.81 

I (J;-

2 i I 0 .., I 

0. \.1-

()CJl 0 21 

() 80 0.51-

1.25 1.11 

1 no 

WlltR i-~~ 
Odds ! 95% 

I C! 
! .... I 
\ - ! 
I .... ~ I 

I •)J ~ ~ ::· ..•. 

--- --L~ 
. '8 ' 0 07 I . llc 1 • / • •• 1 

1.14 

0.81 

I 

i 
I 2.89 
I I 

I 0.63-· I 
[ I 
: 2.05 I 

I () 2 I -I 
1 o.96 1 

I I i - . -----

1 I 

·I- ·j 
I 0.48- I 
!1 37 I 
i 

o.8! I o.·ll- · · 

1!.59 
I 

0.32 0.17-

0.60 

13 0.25-



6000>® 

~---··-··---~--~-~----- -· --

Per capita Upto 700 
I 
I Income (in 

-· --
Rupees) 701-1400 

14 ()(J>Q{.' 

Family size < 4@ 

5-6 

Dependent 0-1@ 

children 2 

I 

I ~3 

I 

1 Fami(r type I !Vue/em·@ 

I 
I 
I Marih;l 

I 

I 
J Joint or 
I 
I 

! extended 

I 
I Unmarried (10 

I Mun;ed and I status 

I I Widower 
f--------~-----------,------- ----- -- - -· 

I Drinking 1 Own welf!tube 

I water I wel/(fi) 
I . 
I. 

···-

2.03 

()_)() 1.7) 

0.9 

0.1 

-·· 

I 0,}(') ! .l~ 

0. I I l . l l 

0.21 1.27 

(1.2-l 7 

() 66 

CHI 

--------

2.77 

l. ! I 

' I 1 

i .I! 

! .S 

.2.\J{J 

llJi 

() I i-

I 
I -

L_ 
I 
' -
' I 
i 

0.74 

i I .2 i 0 71-\- 0.45-

1.62 1,32 

1.06 0.8-

.7 i 

i .01 0.71-

I .S3 

U.63 (j 12-

()tJ I U.h3 

U.66:- 0 I (J- (). I 7 I . I l) 0. 7-

CJt).j 1.96 

2.21 



Facility I Public orsh-;;;;dT0.3-~~ l.42 ___ 'i).92----10.01fT0810.74=-T0.661T~ 1.18-

r
l : ! '. 18 I 1156 I II ·I 3. 5 

Toifei----~-Y;;s(iD J·_ -~-~-- I ·_·· 1-: 
I I il ! I 

facility 1 No 0.4011.6:1* ! .OS- I 0.70 0.:11- i j 0.54 1 0.34-

! I I I l I 

Laud < 2.5 acres 0.8! 

holding 0.2 i 

pattern > 2.5 acres <!D 

li o use ljpe JJricAet! Q{) 

-· 

Non-briefted 0.61 1.8·1 

Socio- Luw l. 12 

el.'Otwmic 

status 

Household 

.. -
liviug IAIW to il1ediwll 0 51 i. 7(}; 

Condition 

·-· 

Expenditure :::_ 80%.fi"um O.SC1 I. 7'1'' 

groups ill COlli/! 

< 80%fi·om 

income@ 

@Reference categmJ', *p<O. 05, -!: -AjJ<O. 01 

2.1:' 0.3"1 I OtJ7 t 0.62 I II 0.86 

I 
, I t 
1 

I I 
0. 13- I -1 II 0.94 I 0.:1·1-· I - I 0.40 : 0.21-

)) i0.06 [l.(J:J 0.91. 10.76 

I I ' 

l.l::' 

3.0! OJJ.! 

0'J6-

l . l-

l I (J-

0.0 I 

Ill, l - l -
I iii 

I - I i 
i 
I () 5'** 

I , 

I 0 Ll'") 
I '.:to 
I 

0.99 

i I 
! 0 37- I 0.32-

i 0 i() U.M 

i 0 ] .. 

l. ).! 

0.19- 0.58* CU7-

0.9(1 (). ::; '1 0.92 

() 7:2- 0.56* 0.35-

' ~, 
t .. l I () 58 0.89 



3.2.22.3. WfltR vs. socio-economic, demographic and lifes(vle related variables among the 

male Rajbanshi individuals 

The results of multinom(al logistic rcgrcssio11 analysis with tll:C: difterent variables ·showed 

that the individuals in the age group of 30-~lJ years c:\hibited higher odds of I .68 (95% C! 0.97-

2.89). In case of literacy. higher odds was i;1 the categor) of illiterate level (odds: 1.14: 95% 

0.63-2.05). !·· occupation. odds \\a<., among those engaged 111 

'Other' occupation group than culti\ ator. cr were documented 

mcome. For ilv SiZe. a higher odds value (odds: ! .49: was 

obtained in the famih size ol">7 inJividuals. I he mt or 

\\! lie ur hi 

! .96. odds: 2.0 l: Cl l. \2- 3.62 . ! ' Cl .I :;.15 odds 

ues m case ·no toilet ). <2.5 acres la11d holding 

0.4: Cl 0.2\-0 70) lillll-hricked house t) pe 0.53: !0 

were lm\ er \C CU\IilkT \~u·iah!cs. ~;vere abo i ficant 

ues to in kl\\ to-eco1101nic status (odds: 0. · 95% C! 0.37-0.96), lovv to 

medium household living condition (udds: 0.58: 95S/u Cl 0.37-0.92) and high C:\pcnditure groups 

(odds: 0 Cl 0.35-0.8')) (Tah!e 3.34). 

3.2.23. l~lultinonliallogistic regrl!'>sion model(ilted on the socio-economic, denwgraphic and 

life.s·(vle related l'atiables anwng thefemale Rajhanshi individuals 

A multinomial logistic regression ~uwl) :;is model was fitted on the socio-economic. 

dernographic and lifestyle reLttcd \clriablt:s to e:otirnatc the odds uf being a female individual 

unden10U1·ishcd nnd o\ei· nourished. l he assue~ation ,)r l:Hv'IL WHR and WHtR with the different 

predictor variables wnong the felllale Rajlxmshi i11dividua!s is presented in Table 3.35. The 



results indicated that several variables had signitlca11t influences 1n determining whether an 

individual was under and/or over nourished. 

3.2.23.1. BMI vs. socio-economic, demographic and lifestyle related variables among the 

female Rajbanshi individuals 

lt vvas observed that ft.:malcs in the age ~·J·oujJS of JO-J9 years 9 

very high significant ;~ssociat ions\\ ith uncln-nutritiun (odds: 2.05: c;y;.;, C! 1.21-3.48 odds: 

2.02: 95% C! I .18-3.45 respective\ rile i·c::;ults of the multinomial model also shmved 

illiterate in culti cllion h:H.l l. Cl 0.85-2 1.12 (95% 

Cl 0.66-!.92) times higher than the rc ICren ce groups. There \\ere very significant higher 

odds in the 000 C! I the Rs. 700-!4 00 per-

cap ncorne ( ode! values l~unih size 

of5 ( 'l I. I U) 0.58 (95% Cl 

!.1 In case of ciJildren. llic udds ':tlucs \\ere hi 111 case o!' those \\ilh 2 

children .57: l) ('! 0.93-:2 ) t()[ >3 chi! (odds: 1.12: Cl 

0. 1.89). t·esulls also i t~Hn i I y type, 

married and \\idem marital .'ilatus ctlld lJa\ill~' :tccc~::; tu public or sharecl drinking \\ater facilities 

showed values lh(l.n , in case of 'no 

toilet' t3cdil\. non-bricked h()u:-;e L\ pe iu,\ ct· socio-economic group, 1.61 (9)l;!() Cl 1.02-

2.54), 2.16 (')5(Vo Cl 1.18-:J()_'i) cllld 1.74 (l))"(, C'i 1.09-2.80) times higher odds \\ere obtained. 

The odds for <2.5 ane land lwlclin~c pattem :tnd i1i~l1 c:--.:penditurc group also showed 1.02 (95% 

Cl 0.53-1.95) and 1.55 ( 95(% Cl 1-2 12) time:; higher tJC1ds (Table 3.35). 



3.2.23.2. WIIR vs. socio-economic, demographic and lifes(vfe related variables among the 

female Rajbanshi individuals 

The association of \VHR with socio-economic. demographic and lifestyle related factors 

showed that several variables \\ere signiticantly associated with higher level of adiposity patterns 

among the female individuals. Age had a significclill lower effect 011 Wl-!R as the odds were 

in the age group ol JU.J<) y,:ars (odds CI 0. 1 8)) and \ears 

0.32; Cl 0. t 7-0.58). lllili..Tale !emale i11d. s showed a signi 

2.54; Cll ) t<.:iirmcd b; those \\ho studied up to the primar: level (odds: 1.31. 

Cl 0.68-2.53). resu 

showed 1aliun" i11 terms uf ratto than the es to 

the <Rs. 4000 monthly incun1e group. a ih size of >7 members _ ::; dependent children 

ib" 1. I 8 ( Cl ()(;-~1 .13). 1.23 (9:'~o Cl o.s:;-2.58) and .0~1 (l)5% Cl 0.56-!. ) times 

hi ofjuillt ur having access 

to public m shared drinki:;g 1\c.llcr holding c:-.:hib 0.79 

). 0. Ci 8-2.! l) ctnd 0.5~ (95% Cl 1.]0) times respectively 

lower odds. High~;.:r odds Lil<Ul the rc!CrencL' !'.ruups \\Cl"~:.' obtained Ill the ·married and widow' 

categories (odds: 1.58: 95"u Ci 0.9! -2.77). ·110 toilet· !~Kil (odds: 1.03: 95% Cl 0.62-1.70) and 

non-bricked house types : 1 12: 95°~, cr o.CJ?.-2 o 1 ). results of the multi-logistic 

regression model !l.irliler d-:picted that <2."1 ucn.~ (odds: 0.53: 95°i~) Cl 0.22-l.:lO). lower socio-

econo111ic group (odds: 077: lJY!'iJ C! O.JLJ-1.55). Ill\\ tu rnediurn li\ing conditio11 (odds: 0.99; 

95% C! 0.59-1.66) a11d hi~~h ...:xpe!Jditure groups (odds: 0.97: 95°;-;J C! 0.59-1.6) shmved lower 

odds (Table 3.35). 
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3.2.23.3. WlltR vs. socio-economic, demographic and f(festyle relaied variables among the 

female Rajbanshi individuals 

The association of the socio-econornic, demot::raphic and lifestvle related variables with 

WHtR among the female Rajbanshi inclividu~lis shovvcd that the age groups have lower influence 

with Wl-ltR. with the odds bci11g O.(d (95<~;() ( ·: 0.38-1.07) and 0.89 (95 1l,(J Cl 06.54-1 A) in. the 30-

39 years and 40-49 years age groups respectively. i\ idual s \\ studied up to 

pnrnary shovved a si~'ililicant higher udds (odds: 1.85: Cl I -~.17) foliovved by those 

who vvere illiterate (odds: l. i l): Cl U 7\-1.93). lhc results also indicated that occupation, 

income and per-capita lllC<I;ile lOllS. 1n case tlv were 

Ll4 Cl 0.71- Ui) and i .U8 C)-l 0 Ill the 'i the >7 

member ildren. were lo\\el· i11 2 chi (odds: 

Cl 0.59-1.()) ~ 1 • 

. l Ill (odds: 0.71~ 9 -1.2!) uilC~201·ies The odds values 

for in the joint or exk illdiTI ~l!ld \\ odds 

1.29 Cl 0.82-2 i and ?..0 l (9 C! l. 19-3 ...J.O) respecti . I emale i ustng 

'public or shared' drinkitli::' \\iller I~<Lilit), \\ itl: ·no LotiLt" l~1Cility cllld livtllf! in a' to medium' 

household living conditio1: ';ho\\Cd \uwcr insignificant ac,:-,ociations. Tho~c individuals belonging 

to the <?..5 acre land hoLiing pallcm (odcls: 0.5.1; C! 0.3-0.% L non-bricked house type 

(odds: 0 95% Cl U. 'i I), IO\\er soci(H.:cunornic \udds: C! 0.15 ) and high 

expenditure (odds: O.'i l: 9S"'\J C'l o .. ; . .f-0.78) categoriec., had significanll(mer odds (Table 3.35). 

,...., 
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Table 3.35: Multinomial logistic regression mode/fitted on the socio-economic, demographic 

and lifes~vle related variables and nutritional status among the Rajbanshifemale individuals 

-- - - " - ~ 

Variables Categm}' BM! Wl/R WIJtU -~ 

B Odds Odds 95% 

Cl 

Age (ill 20-29@ 

yean) 30-39 o.n 2.05** 

40-50 () 7 2 02*' I . 11:\- 0.89 

--

o n 1 39 0.17 1.19 

l. 93 

076 011- U.2 7 1.08-

1.12 3.17 

above@ 

~ ... 

Cultil'lltor 012 !.12 0.18* (' <")" 

\! . ..:.. /- 0.33** 0 17-

(JTl l. 0.61 

Labour 0.03 I) :i 5- 0.81 U.19- 0.38** 

I .9'1 U.22 .G8 ()_98 

llousewife wid 

Others(~<) 

<4000 i CH1-
-- --. 

I ),J- 018-

0.56 

4001-6000 . I I I ! ()' '1' \.. ~- ) 1 0'1- u.m t.cn () )cj_ 0.26-



·i.Ol .97 -- -0.82l--i 0.74 
I I I 

I - 1----
-

I 
-

I ~ ---. 

1.75 0.87- 0.96 () .4 )- 0.33** 

Income (in 3.52 (J()l 2.03 Ll 

70 1-14(10 , 0. 7LJ 2.2 J ** 1.22- 0.87 0-'17- 0-'11** 

3.99 0.1 cj 61 0.88 

Family size < 4(li) 

56 n t:,.Q 1\ n n n~ {\f: (\ I. I (i 
\} .\)0 \I, ,_- \I.\}_.) .\JV \},\1!- \}, 

(LJX !.I un 
- ·---

0.58 i {r3- u -~ l !) 

(l ) l li::' ') - ~ ___ 1(; .96 

Dependent 0-1 (!{ 

childrell 2 () .j " .57 ocr;_ () ; (1- 0.97 0.59-

::'.68 (). cj 'l 18 0()3 1.60 

>3 01 I l. 12 0 6S- U.O·I J.QcJ () )(J- 0. 7cl IUS-

.89 I(); iLl 1.21 

Family (Fpe Nucil!ar (!i) 

' 
--

I 
Joint or 0.56* ' 0.33- 0.79 (' l (J- 0.25 1.29 0.82-.!. 

extended U.)7 0. 9:'. .JC1 2.02 

Marital Unmarried(:~; 

stafus Married and 0.93 0.5(J- 0.46 1.58 I) 91- 0.70 2.01 ** 

I Drinki;;g . 

WidOH' U.07 1.5 I 2Tl 

Own we/lit ulw 

i I wel/(1!.) I water ! 
I 
i 

l -, --, 

l / / 



-~--~------- -- --

facility Public or 0.76 0 ,.,_ 
. .)~ 0.38-

shared 0.2i\ i 1.8 2 411 0.22 I. 78 

Toilet Yes@ 

facility 
i - ---- ----- -

No ! 0.48 1.61 * I .02- 0.03 !.03 0.62- 0.8 0.53-

::'SI 1.70 0.22 I ''l') 
I , L...L< 

Land < 2.5 acres U.O::' 1.02 0.)1- 0.53 (' /"l 0.53* 

Ito/ding 1.95 \Hl3 ' 0.63 ._1 

pattem > 2. 5 acres \li) 

Brided Q0 

Nmt-bric/;ed 0. 2 16* IS- I' 1 l ~) ()_()2- o. :r:: * ~:~ 0.2-, I ! . !~ 

1 .Y :'i ') {j l 
.... \..'' . I 5 0.51 

Socio- Lower I 21 ' 35 1.39- 077 () )') .. 0.26** l 

economic 8.0(1 0.2CJ _.)_] 1.34 

status 1Hedium Q~\ 

---· 
flousehold lli;.:h (!<• 

!ivino 
"' Low to /Hedium )(_, 1.7'11' . ()() .. Q_l)9 :_))C) 0.69 0.45-

Condition 2.80 ( l. 0 I I .6(J 0.37 1.05 

kxpewlit ure :?:_ 8(N!,jiom 
I 

() II 1.55 1-
I 

OY/ () Y!- 0.5! ** I 0. 34-

groups income 2.12 0.0:1 I . ()() 0.67 0.78 

< 80%.fi·om 

illCOIIIC (1<; 

@ Refercuce categm)', '''p<O. US, ,,, kp<O. 01 



3.3. ASSESSMENT OF NUTRITIONAL STATUS USING DIETARY INTAKE 

The dietary intake survey has been conducted in order to assess the dietary consumptions 

of the different food groups and nutrients consumptions in terms of both qualitative and 

quantitative measures among the adult individuals. 

The Rajbanshi are basically agriculturists. They sustain their livelihood by obtaining the 

food items frorn 3 major sources. These sources were the food grown in their 

those purchased hom the nearby market and those collected. especially the green 

LVs). from the nearby areas. Rice was the predominant crop and it dominated the daily 

habitd of the mdividuals. In generai. ihe d. 

were to inadequate were below 

RDA ues indian as specified the !CMR 

3.3.1. Food habits ofthe Rajbanshi individuals 

The staple food of hanshi ind· are nee di food 

it usually m a . They took the 

morning meal between 8.00 a.m. and 10.00 a.nL the afternoon meal between 12.00 noon and 

2.00 p.m. and the evening meal between 7.30 p.m. and 9.00 p.m. Rice was an integral portion of 

The of pulses vvas in the form of lentil. bengal gram and black gram. 

Most ol· the individuals regu consumed tea in the morning and evening as l as during 

social visits. The R<\ibanshi individuals also consumed non-vegetarian foods such as goat, 

chicken and pigeon meat at least llnce every week. The consumption of beef and pork was 

cornpletely abse11t in their regular food habits. The consurnption offish was however. less among 

them. The rrwin sources of fish were the local village markets and the streams. The consumption 

of CO\\ and goat milk \vas very common. Curd was however, taken occasionally. 
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The consumption of vegetables included brinjal, ladies finger, cluster bean, snake gourd 

and tomato. Onion, garlic and potato comprised of a major part ofthe root and tubers in the daily 

diet. The GL V component consisted of gogu (Hibiscus cannabinus). drumstick leaves (Moringa 

ole((era), curry leaves (Murraya koenigii), ipomoea leaves (Ipomoea aquatic) and pui saag 

(Basel/a a!bu). The intake of arum leaves (Calacasia escu!enta) \Vas very frequent. Condiments 

such as chilies. coriander. garlic and turmeric, along mustard oil also were an 

of the diet. After rice. wheat occupied the next important position in the 

unleavened bread was made wheat flour. Poori or Paralha made out of wheat flour was 

ly consu 

was con lS. areca nut \Nas very 

common con part in their dietary practices. 

consu tf·u its appeared to be scarce m the d ieL There have been 

sporadic instances or seasonal it consumption Ill diet. consumption fruits was 

mainly reported 

jackfruit. di 

chewing betel 

summer seasons. fruits consu were mango, 

kind or berries. guava. pineapple. date, cucumber and palm. The habit of 

with slated lime (calcium hydroxide) was a usual practice. The practice was 

more common among the Rajbanshi females than the males. 

3.3.2. Consumption (~ld(flerent kinds o.ffood among the Rajbanshi individuals 

The overall and sex spcci!lc consurnption of different food groups (cereals. pulses, 

GLVs. other vegetables. root and tubers, milk and milk products, meat and flesh, nut and seeds, 

fat and oils. condiments and sugar) among the Rajbanshi individuals using the 24-HR method is 

depicted in Table 3.36. Consumption of the different food groups \vas observed to be markedly 

inadequate V\ hen compared vvith suggested RD/~ levels for different Indian populations. 
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Deficiencies were found in almost all the different food groups, except on root and tubers. The 

results of the sex specific consumptions of different food groups among the Rajbanshi 

individuals as compared with the RDA specified by the ICMR (2004) are shown in Table 3.3 7. 

The overall and sex specific distribution of consumption patterns of the different food 

groups and comparison with RDA level is described below: 

a) Cereals 

The I consumption cereals was 472.47 L 83.69 gms/day. Rice constituted the 

predominantly source of cereals. Different food stuff's prepared from rice such as rice puff, rice 

bran \vere CUI . \\'heat vvas the next rnost in1portant source cereals 

the males l ~, ' 
! _) l 12 

vvas 

) than the 

of cereals \Vas deficit among the male individuals but the 

was a signi sex d 

I) (Table 3.36). 

to higher among 

consumption 

ues \Vere to the RDA. 

cereals ( F 51 . d. f. 1 l: 

When the mean consumption level \Vas compared with recommended RDA level, it was 

observed that the mean consumption of cereals was almost adequate among the females 

(99.99~/'0) and less among the males (96.95%). Almost half of the individuals (males: 49.67%, 

les: ibited adequate level of cereal as to . The 

results also showed that 35.29% and 21.48% of the male and female individuals attained 60%-

89.99% of the suggested RDA levels respectively. The sex difference in the distribution of 

different RDA levels was found to be statistically significant Ci value"'· 11.854; d.f. 4; p<0.05) 

(Table 3.37). 
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b) Pulses and legumes 

The intake of pulses and legumes was observed to be less in the diet. The mean overall 

consumption of pulses and legumes was 22.67 + 21.07 gm/day. The males reported a higher 

consumption (24.12 + 22.89 gm/day) than the females (21.19 cl::. 18.98 gm/day). The sex 

difference was statistically insignificant (F ratio= 1.461: d.f. 1.30 l; p>0.05) (Table 3.36). 

sex specific consumption of pulses and legumes was observed to be inadequate when 

corn pared the RDA leveL The mean consumption was below the half-way mark ofthe RDA 

level in both sexes. The male and female individuals had the consumption levels 48.24% and 

y. . 38 the the females 

. !t was also that only the and 8.04% of 

adequate levels of the RDA. The sex difference in the different 

to be statistically not significant value· 6.839; d.f. 5: p>0.05) 

(Table 3.31). 

vegetables 

The consumption of GL was less than the RDA level in both sexes. The overall 

consumption of CLVs was l 1.8::> 1 .89 gm/day The consumption of GLVs was higher among 

the females (15.47 J 27.99 gm/day) than the males (12.21 L ::>3.64 grn/day). The sex dift'erence 

vvas not statistically significant (F ratio I; p>O.OS) (Table 3.36). 

The comparison of the mean consumption of GL Vs was observed to be 30.53% among 

the males and l 5..+7% among the kmales when compared with the RDA (Figure l). The data 

suggested that majority of the individuals were below 30% of the RDA level (males: 75.16%; 

females: 74.50%). Adequate levels of GL Vs consumption with respect to the RDA was achieved 

by only 16.99% or the males and 2.68% of the females. The consumption of GLVs above the 
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90% level of RDA vvas also observed to be less among both sexes. The sex difference in the 

consumption of GL Vs with the different levels of RDA was statistically significant (l value= 

50.731; d.f. 5. p<O.OI) (Table3.37). 

d) Other Vegetables 

The overall consumption of other vegetables was 63.98 +53.68 gm/day. The mean 

consumption \\as higher among the rnale (66.08 :f: 56.39 gm/day) than the female (6!.83 :± 

gm/day) indi·viduals. The sex difference was not statistically significant (F d.f 

L301: p>0.05) (Table 3.36). 

the 

·was resu that 60.78% 

the adequate R (2': l 00%). A lower 

level was documented among 25.49% of the male and 

The sex differences in the consumption with 

respect to RDA \vas not 1s1 ica! ly s1gn 5.9!2. d.f. 5. (Table 

3.37). 

Root and tubers 

The consumption of root and tubers was a major component in the Rajbanshi diet. The 

consumption was to be well the R mean l consumption was I .IS 

45.41 gm/day. The consumption was higher among the males (127.05 J 47.12 gm/day) than the 

females ( \27.05 J 4 7.12 gm/day). The sex differences was not statistically significant (F ratiO'"' 

2.302: d.f. 1.30 l; p>O.OS) (Table 3.36). 
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Table 3.36. Average (mean ±SD) inta'ke offoodstujf~· (gmlday) among the Rajbansf1i individuals 

Foodstr~ff Overall (N=302) !ltlales (N=l53) -- .. Females (N=/49) Differenc;-----l 

(in gm) (Mean ± SD) Mean± SD RDA l'dean ± SD I RDA F-

va!ue 
I 

i Cereals 472.47:::.83.69 504.13::::90.12 520 3'.96:::6!.69 440 1.878 

I Pulses and legumes 22.67 "= 21.07 24. J 2 . .L 22.89 50 2 J .19 == 18.98 50 l 1.461 

·····-·---·----.. - ............ ;.... f~··· 

GLVs !3.82::::25.89 12.21±23.64 40 15.47 :±:27.99 100 
-

.2 

I 
f Otlzer regetables 63.98:::: 53.68 66.08:::.: 56.39 70 1 6!.83 = 50.86 40 

·j L73 
RootandTubers !23.15::'::45.41 127.05::::4 .12 60 119.14 ±43.39 50 2.302 

i 
Milk and Milk product 32.06 ± 35.90 33.58 ± 36.89 200 30.5 ± 34.89 50 0.553 

r ·--. I ,_,___ -~ -------
Meat and Flesh ! 23.14 ± 35. l 9 23.17 ± 36.31 30 23.! ± 34.13 

i 

Nut and seeds 9.15 = 3.77 9.37 ± 3.88 - 8.93 ::: 3.64 
i 

Fatandoils 17.43 :::::3.12 17.66=3.05 4 17.19 ±3.18 25 

10.001 

11029 
1.712 

i l 
Condiments l l .05 :::: 6.11 l !.54 c.::: 8.08 l 0.54 :t 2.89 - 12.034 

l 
Sugar 1 18.22 ±3.99 18.60:::::4.12 35 17.83 ±3.85 20 ·h-----

l..882 

RDA- Recommended Dietm:v Allowance 

dj 

Ll3l 

i p 

I 

~;:ue I 
I ooo~ 

1 .13! 1 o.22. 
I ---

l,131 0.27' 

I J, 131 0.49:C. 

1,13 I 0.130 

Ll3l 0.458 

-~--!--·--· 

1,131 0.986 

1,131 0.3] J 

1' 13! 0.192 

l' l3l 0.155 

f--~-· 

1,131 0.091 



Table 3. 3 7. Comparative evafuatirm r~ltlze 1nean consumption pattern off(Jod illtake (%) with tile RDA among the Rajbanshi individuals 

,-
1 Foodstt~fl Males (N=J53) Female~>; (N=149) l 

JO---'6(}~~~~ -- 90- -~: :::_ j 00~6 : M ~-;;;--~6~-- ~-----:·---Xr)_----r-tJo:----TI, --- -9-0---,--->~-1 O-C-7%_o_1 ,-U-e_a_n_% l 
. ' I - I 

-----'-----'---5-9.99% i 89.99% ! 99.99% 1 o{RDA 59.99% ! 89.99% j 99.99% . ofRDA 

0 i I : 54 I' 22 i 76----:96~5--~--(y----~-. --1--l- 32 ---r-1· 42 74 99.99 
! I ' I I 

:--~------ (~) (0.65) L(35;-__ [ (14.3~~~~-9~~~--~----. ---~-~~-J ______ L __ ~~-~~~~--1-~~~~l (28~~-6(:_))~------< 
! Pulses and 219 26 I 3 7 n I 25 I 48.24 61 I J) I 32 ! 9 I 12 42.38 

! legumes ~ (38.56) i (16.99) I 18) / (3.92) i (!6.34) I (40.94) I (23.49) I (2!.48) I (6.04) (8.05) 
1 1 . I I i L..._ ~ -ci~~:-------+-~-~-5-ro 

1 
~~---~~---~---~-26-l-~3o.s3-~---~ ~-~ -r--Jo---~ -3-

1

--- 1 _4 _ ____,__1_s_.4_7_l 

'(7~.16) l (0) I ]9) I (0.65) : (16.99)! (20.13) (2.01) I (0.67) (2.68) I 
------·-·------1--------i- -L - --------L----~ _____ _j_ _______ :---·-·· ----+----+--------1 

01/zer 39 I 4 i i 6 / I ; 93 ! 94.4 • 32 I ll i 9 1 ! 96 154.58 

1_vegetables 
1 

(25.49)) (2.6!) l (10.46) I (0.65) --~0.7~~-----:~~~~~) j ___ ~~-~ (6.04) I (0.67) (64.43): 

i Root and ! l j 0 I 3 I 2 ) l 4 7 i 2 l I 7 5 : 1 ) 0 I l ) l 146 i 2 3 8. 2 8 

~-~~~~~~s -~---~~~~o.o~-~-~~~~~-+---~~·~~--t (96~~L. ~7 --- ___ co.622_J -~~~~LJ c~~!~-~-~-:7) (97.99) :-~-____, 
•Mtfkand !29 I !6 I 6 / 0 2 I 16.79 !0 l lli 1.)_ 1 .) 22, 61 
' I I I I I I I . 
; Milk (84.31) I (10.46) I (3.92) I (0) I' (1.31) I (6.71) I (74.50) (2.01) (2.01) (14.77) 
I i I I I I I ' 
i products · 1 \ I I I l 

[-i"'viem~uzd 100 1 ~--0- [ 3 (-·49-1~7723·--:-93---(---i--TJ---i o I 52 77 

/Flesh (65.36) (0.65) I (0) I (1.96) I ) I I (0.67) I (2.01) / (0) I (34.9) 
! • I :---, __ j ___ -t·-·;·---1---::;----~~-----~----~· " ----i~~-~-.. 
! Fat and oils 12 I 14! : 0 I 0 1 0 i .N24 () 2u 122 1 I 

I 
I I ' I I I 

(7.84) (92.16) i (0.00) (0.00) I (0.00) I (0.00): (13.42) (81.88) I (0.67) (4.03) -

i Suoar 8 I 123 [ 21--p--·T---~-- i .14 ____ 0 ---+--12 ___ - 23 -1-·77- 37 89.15 

[ __ I>__ __j_cs.n) [ C80.39J 1 (13. -~~l 
1 

~:~s)_~) ~------~o~_j __ ~~~~~ (l5.44J 1 (5!.68) 1 (24.83) 

i <30% 

f-----
! Cereals 

6 68.76 
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The mean and individual consumptions of root and tubers were also compared with the 

suggested RDA in order to assess dietary adequacy. The results showed that consumption of root 

and tubers was higher than the RDA among both the sexes (males: 2\ !.75%; females: 238.28%). 

When the individual consumption levels were considered, majority of the males (96.08%) and 

the females (97.99%) attained the adequate level of RDA consumption 100%). The sex 

difference in the different levels of RDA consumption was not statistically signi ue"-

l.284; d.L 4. p>0.05) (Table 3.37). 

j) Nfilk and milk products 

The overall mean consumption lk lL

"" was 

not constitute a major part the diet. con 

3.58 1 versus 5 l 34.89 gm/day). sex difference was 

statistically significant ; d.f. 1,301; p>O.OS) (Table 3.36). 

consumption milk mi!k \Vas found to be very 

llOt 

with the RDA (ICMK The mean consumptions respect to the RDA were lower 

among the males (16.79%) than the females (61%). It \Vas also observed that 84.31% of the 

males and 6.7!% ofthe females \\ere able to achieve <30% of the RDA. The adequate level 

l 00% of RDA) of consumption was observed to bt: very low among the males ( 1.3! %) as 

compared to the females ( 14.77%). The sex difference in the different levels of attainment 

was statistical!) significant (x2 value- 193.588; d.f.5. p<O.OS) (Table 3.37). 

g) Afeat am/flesh products 

The consumption of meat and flesh products was occasional in nature. The mean overall 

consumption of rneat and flesh products \Vas 23.14 .L 35.19 gm/day. The meat and tlesh products 

included mutton. poultry. pigeon and different types of fishes. The mean consumption was .!4 
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± 35.19 gm/day and 23.10 J. 34.13 gm/day among the male and the female individuals 

respectively. The sex difference was not statistically significant (F ratio= 0.00 l; d.f. l ,30 I; 

p>0.05) (Table 3.36). 

When compared with the RDA, the sex specific mean consumption was 77.23% and 77% 

among the male and the female individuals respectively. The results further indicated that 

32.03% the males and 34.9% of the females achieved the adequate consumption level 

(~I 00%) of the RDA The sex difference in the different levels of RDA was not statistically 

significant Ct' value 6.29!; d.f.S: p>O.OS) (Table 3. 37.). 

Nuts and seeds 

I mean consumption nuts and seeds was 9.15 + 3 gm/day. The male 

i v iduals exhibited a higher consumption the 3.88 grn/day versus 8 3.64 

sex difference \v~IS to be statistically not sign cant ratio-~ 1.029; d.f. 

) (Table 3.36) 

i) and oils 

mean I consumption of fat and ods was 17.43 1 3.12 gm/day. tvlustard oil \Vas 

used as a cooking medium. The use of hydrogenated fats and ghee was occasional and/or 

restricted in the diet. The sex specific consumption fat and oils was 

among the males (17.66 : 3.05 gm/day) than the females (17.19 1:. 3.!8 

to I. 
ll 

sex 

difference was not significant in the mean consumption patterns of fat and oils (F ratio !.712; 

d. f. 1.30 I: p>0.05) (Table 3.36). 

fhe mean percentages of the consumption of tats and oils were well below the RDA. The 

mean percentages of consumption values of RDA level "vere observed to be distinctly h 

among the fernales (68.76%)) than the males (39.24%). The result also indicated that the majority 
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of the males (92. I 6%) and the females (81.88%) were in the 30%-59.99% and 60%-89.99% of 

RDA respectively. The sex difference in the different levels of RDA was statistically significant 

(X2 valuec-· 231.93: d.f. 5: p<0.05) (Table 3.37). 

i) Condiments 

The overall mean consumption of condiments was low ( !1.05 .L 6.1 l grn/day). The sex 

specific difference was observed to be higher among the males (11.54 ±8.08 grn/day) than the 

females (10.54 J 2.89 gm/day). The sex differences \Vas not statistically significant (F ratioc" 

2.034: d.f. l.JO I:. p>0.05) (Table 3.37). 

j) ,\'ugar 

l mean consumption of sugar was !8 ± 3.99 gm/day. The consumption was 

higher among the males (I .L 4.12 than the females ( 17.83 .L 3.85 gm/day). Sugar was 

tea. sex differences in the consumption pattern was not 

stat 2.8 ·df.l l: p>O.OS) (Table 3.36). 

mean overall consumption vvas documented to be very than the RDA. The 

results also showed that 0.65% and 24.83% of the male and the female individuals attained the 

adequate level of RDA. The results also suggested that the majority of the males (80.39cYo) and 

females (51.68%) comprised 30%1-59.99% and 90(%-99.99% of the R levels respectively. The 

sex di in the different RDA levels was statistically significant value 210.447; d S· 
' 

p<O.O I). 

The comparison of the mean consumption(%) of the different food groups with the RDA 

values and sex specific consumption of different levels of RDA achievements are shown in 

Figures 3.44 and 3.45 respectively. 
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Figure 3.44: Bar diagram showing the mean consumption pattern 

}Vitlt the RDA 
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3.3.3. Consumption of energy and different nutrients among the Rajbanshi individuals 

The mean consumption of nutrients intake of the Rajbanshi male and female individuals 

is depicted in Table 3.38. The dietary intake of the different foodstuffs was analyzed in terms of 

energy, protein, fats. calcium. iron, vitamin-A thiamin, riboflavin, niacin and vitamin-C in order 

to assess nutritional status. The nutrients consumption patterns of the individuals was calculated 

from the monograph entitled "Nutritive value of Indian Food.'\·" authored by Gopalan et al. 

RDA levels of the different nutrients as suggested for Indian populations by the 

ICMR (2004) have been given in Table 3.38. 

utritional status based on the nutrient intake assessment was assessed by comparing the 

mean and individual dietary intakes with the suggested RDA for Indian populations. Nutrient 

con sum was 

Indian popu 

to be ma:·ked l\ 

Table 3.39 shows 

\Vhen compared 'IVith the suggested RDA level 

mean consumption and comparison with the 

ofthe RDA among the male and female individuals. 

The consum di nutrients their are 

below: 

a) Energy 

The overall mean consumption energy was 2235.1 l L 353.86 

predorninant sources of the ene1·gy were rice. rice~based products and roots and 

specific mean consumption of energy was higher among the males (2333.99 J 327.05 

sex 

than the females (2159.39 L 352.63 Kcal/day). A statistically significant sex difference existed in 

energy consumption (F ratio 26.249: eLf l ,30 l; p<O.O I) (Table 3.38). 

The comparison of the mean energy consumption with suggested RDA was to 

be deficit arnong hath sexes. The results showed that the consumption \Vas 81 .18% and 97.05% 
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of the recommended level among the males and the females respectiveiy. When the individual 

consumptions were compared with the RDA, only 3.92% and 32.89% of the males .and the 

females were able to achieve the adequate RDA. A high proportion of the individuals (males: 

74.51%, females: 34.23%) comprised the 60%-89.99°/o and 90%-99.99% of the RDA 

respectively. The :;ex difTerence in the different levels of RDA was statistically significant Ci 

ue- 67.942: d.f 4: p<O.OO!) (Table 3.39). 

b) Protein 

The consumption of dietary protein among the Rajbanshi individuals was iefly in 

s !ses. food such as mutton, pou !try and fish were low in their 

diet. mean consurn protein \\as 55 1 38.38 gm/day. Males and es 

ex hi almost similar mean s I 0.79 grn/day versus 50.53 Jc 53.63 

) . sex di was ly not signi l (F ratio 0.00!: cl.f. I 1: 

(Table 3.38). 

w proteins was compared \\ ith the RDA. it was noticed 

deficit existed among the males (84.28%), while among the females the consum 

adequate (I 0 1.06~0) (Figure 3.46). The results also portrayed that !2.42% and 29.53% 

males and the females s~:owed adequate levels RDA (?:I 00%). it was 

or the males Jl9%) and females ( 46.6! %)) belonged to 60%)-89. 99% 

a 

consumption level. The sex difference in the ditTerent levels of RDA was statistically significant 

(X:: value 20.822: d.f 5; p<O.OS) (Table 3.39). 

c) Fat 

The ma1n source of dietar) fat was cooking oils. The consumption of milk and milk 

products 11as lo11. lhe over·cdl mean consumption was 26.06 1 9.3 i grn/day. The male 



individuals showed a higher mean consumption of fat than the female individuals (27.40 ± !I ,87 

gm/day versus 24.68 ::L 5.27 gm/day). The sex difference in the consumption of fat was seen to be 

statistically significant (F ratio= 6.573: d.f I ,30 I; p<O.OS) (Table 3.38). 

The consumption ofthe mean dietary fat was sufficient among both the male (137%) and 

female ( 123.4%) individuals when compared to the RDA. It was also observed that 92.16% and 

85.91% of the male and the ferr~alc individuals achieved adequate fat consumption (~I 00% of 

RDA) respecti . The sex difference in the different levels of RDA in respect to fat 

consumption was not statistically significant Cl vaiue-c- 4.97; d.f. 5; p>O.OS) (Table 3.39). 

Calcium 

overcdl mean intake or the diet calcium among Rajbanshi was 

was to he inadequate compared R mg/day. The 

mam sources of ~vvere milk and milk products and nuts. The mean consu 

was to higher the males (338.03 ,;, 246.04 

The sex difference in the consumption 

significant (F ratio 0.129; d.f. l ,30 I; p<0.05). 

an 

ca um was not 

'vVhen the calcium consumption vvas compared Yvith the suggested RDA, it was 

that the !evel of consumption was inadequate in both sexes. males a h 

16 

+_ 

ly 

consurnption than the females (84.51% versus 81.99%). It was also seen that 24.!8% 

25.50% of the male and female individuals were able to achieve the adequate level of calcium 

consumption (::=I OO(Yo of RDA). The sex difference in the different RDA levels consumption was 

not statistically significant (x2 value · 4.29; d.f 5; p>0.05). 
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e) Iron 

The overall mean consumption was 12.84 ± 9.89 mg/day. The overall consumption was 

found to be inadequate among both sexes. The consumption of iron-rich foods was very low. The 

consumption was higher among the males (13.98 ± !3.26 mg/day) than the females (11.68 ± 3.98 

gm/day). The sex difference in iron consumption was found to statistically significant (F ratio= 

4.129; d.f. L30l: p<0.05). 

The consumption of 1ron was !ower than the suggested RDA in both sexes. Iron 

consumption was higher among the males (49.93%) than the females (38.93%). The majority of 

an ron 30%-59.99% of the RDA level (males: 84.97%; females: 

I 
• J hi adequate (90%-99.99% and > l 00%) were to be 

among both sexes. sex difference in different levels the RDA in iron consumption was 

statistically signil1cant value~ ! 4.686: d. f. 5: 

Vitamin-A 

consumption of in-A was very low the Rajbansi · + 

490.96 )lg/day). The mean consumption of vitamin-A was observed to 

females (493.78 1 513.38 pg/dayl than the males (467.39 l_ 469.43 11g/day). However. sex 

difference was not statistically significant (F ratio 0.217: d.f. LJO l; p>0.05). 

consumption of vitamin-A was found to be markedly inadequate in both sexes 

compared with the RDA. It was higher among the females (82.30%) than the males (77.90%). 

The individual levels of' consurnpti()n showed that only 28. I 0°/r) and 29.53% of the males and 

females \Vere able to achieve the adequate level of RDA (~I 00% of the RDA). The consumption 

of vitamin-A at <30% of the RD/\ \\as higher among both sexes (males: 38.56%: females: 
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39.6%). The sex difference in the different levels of RDA in vitamin-A consumption was not 

statistically significant (x2 value= 0.475; d. f. 5; p<0.05). 

g) Thiamin 

The overall mean consumption of thiamin ( 1.33 :l 0.29 mg/day) was observed to be 

satistactory in both sexes. The consumption ofthiamin was higher among the males (1.41 ± 0.31 

mg/day) than the females ( 1.25 ± 0.23 mg/day). The sex difference was statistically 

(F ratio: 26.294; d.f L30 I; p<O.O l ). 

consumption with RDA was higher among the females than the males (( 113 

versus 100.7!%). The results also showed that 

RDi\ in sexes. adequate RDA m was higher 

females (81 the males (50.33%). The sex difference in different 

RDA was statistically significant (x' value=- 34.5 !9; d. f. 5; p<O.O l ). 

h) Riboflavin 

The main sources of riboflavin in the diet were cereals and pu overa! I mean 

intake (0.54 1 0.24 rng/day) was i11adequate and lower that the RDA. The mean consumption 

was slightly higher among the males (0.57 lc 0.27mg/day) \\hen compared to the females (0.51 ± 

mg/day). However, the sex difference was not statistically significant (F ratio= 3.663, d.f. 

1.30 l: p>0.05). The attainment of riboflavin \Vas higher among the (3 than the 

males (35.6J<Yo) when compared with the RDA. About 45.75% of the males and 28.19% of the 

females exhibited >30% of the RDA. The consumption at 30%-59.99(/o of the RDA !eve! was 

higher among the females when compared with. the males (65.77% versus 48.37%). The sex 

difference in the different levels of RDA in riboflavin consumption was observed to be 

statistically significant (X2 value' 20.071: d. f. 5; p<0.05). 
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i) Niacin 

The overall mean consumption of niacin was 23.45 ± 6.79 gm/day. The consumption was 

observed to be adequate when compared with the RDA. The mean consumption was higher 

among the males (23.84 .L 6.92 mg/day) than the females (23.04 ± 6.66 mg/day). The sex 

cMfference in consumption of niacin consumption was however_ not statistically significant (F 

ratio · 1.056: d.f. !.30 l; p>0.05). 

The consumption of niacin was higher among the females ( l 13.64%) than the males 

( l 00.71 %). Nearly 83.0 l% of the males and 95.97% of the females exhibited an adequate level 

R sex difference in different levels of RDA was statistically significant (X2 

ue-=: 5 : d .. 5: 

j) Vitamin C 

The l mean vitam was 38.79 + 17.48 \vere 

source v d consurnption was observed to be higher among 

males I ! 8.44 than the females (37.28 L 16.36 mg/day). The sex d vvas 

not statisticalty significant ratio 2. I 87; d. f. 1,301: p>0.05). A !though 

vitarnin-C was unsatisfactory when compared with the RDA among the females .20%), it \vas 

observed to be adequate for the males (I 00.63%)). When individual consurn 

levels of the RDA in vitamin-C was considered, 47.71% ofthe males and 40.27% the females 

achieved the adequate level (~I 00 of the RDA). The consumption at the 60%-89.99% level of 

the R Df\ vvas higher among both sexes (males: 24.!8%, females: 26.85%). The sex difference in 

the different levels of the RDA in vitamin-C consumption was not statistically significant 

value 2.04:3: cl. f. 5: p>0.05). 
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Table 3.38: The ctverage (mean ±SD) intake of nutrient (perldaJ) among Raibanshi individuals 

Overall (N==J02J Males (lv~i sjT ---r- F~;~;-;;k;{rv:]49)---~r-------- Difference 1 

I 
(Mean ±SD) :__ Mean--±..S'i>~---fi?DA-t--Jl1~~;-±si) ____ I RDA-t F-va/u-;;1 dj I p value I 

:-~-~,~-erg,~(Kcal) 1"_2-~3-S _'1 : "3 "~6-___ -! 2 J Ji99 ~~2:_(-_[28-7 512'_--__ -_" ~:s=~J-2225 t26 249 i_l_._3_o_J_+. __ o_. o_o_o I 

___ Prot~:~~~:~ _ __i_ )().)5 = -"~~~--~-~~-~0.7~_[60L oO ''~' ~~0-LOOI l'· 301 I 0.994 -l 
Far (gm) ! 26.06 :r: 9.31 I 27.4 :r: 11.87 i 20 ! 24.68 :±: 5.27 I 20 f 6 

----Cat~Tt-;,~;-,,;.J r 333.0_5_:::::_' 2-44:J6lJf8-.0-J-=-246.04 t-4oo·l---:;-24293i-400 I 0 

~---fr~-;;1-(nz~J- ; l2KL:. 9i9- I 13.98 =- u ; ~~-1!--68~- 3.98 --

1
: Jo --±14 

I I I I 
~-~-~- . _j---------~--- -r------~~~----- ---

vuamin A (p~) 1 480.41 = 490.96 ~ 467.39 = 46-9.~~--j_-~oo_L~~)·~-~-~~~~~J __ 600 o 

Thiamin (mg) 
1 

1 .33 =- o.29 t 1.41 =_ 1 
1 

1 A 1 1.2s = ll23 
1 

I .1 -[· 2. 

r R ·b fl · ( ; I o )- 4 · o ~ 4 i o "-; · 1 ---t~l··-6-+-----;---:--c))-o -- --+--
1

1 -1-..,- .., 
! 1 Q avm mg.· . ::c: .... 1 ·-' ::c: . 1 . I 1 = "- . .J . 
l I ) I 
I I I I 

[-----TViacin- r mgJ . 23 As = -6.~-, . n 84 ~ 6:92 r 1s f-23 o4 ;:666 m 14 p 
I ___j_ I I 

Vitamin c (mg) ! 38.79 e 174CT 4625 :-1844 [40-L m8 = 16.36140J2 

i73 II. 30 I I 0.01! 

29 I'· 301 I 0.720 

----
29 I I. 30 j I 0.043 

.217 1, 301 0.641 

--· 
5.294 l' 301 0.000 

-
.663 1, 301 0.057 

.056 l' 301 0.305 

.187 l, 301 0.140 

-- -~--~------

RDA- Recommended Dietm:v Allowance 



Table 3.39: il1ean consumption pattern (%) t~lnutrient intake with the RDA among the Rajbanshi individuals 

Nut rie,;f.s'l-----~----~---~-.M~~/e-;-(;v~ 1 _5~~)- -------------------_,- -------------------f~m~i 1 es (N= 14 9) 
! ~-~----------r·~--------· ~-----·---~----------~-------.. --~-·----:-·-·--!----~------,~~---, ---,----~----.~-~----1 

.

' _ , <30% 1 30- i 60- 1
1 

90.- ~ ?) 00% 1 Mean % <30% _1 30- ', 60.- [ ,,.:0- ?) 00% I, Mean % 

~--::-- / --+ 59.~9% I 89.99% 1 ~?.99~~J------~--~L~D~~-----~----~--~9·~~%-~~~.99?~_~9% . 
1 

of RDA 
r Energv 0 i _) l 114 I 30 [ 6 I 0 1 u : 49 1 51 ~ 49 1 

; _______ ----~ co.oo) ~- c 1.9 ___ 6_) _lj74_:_5_1]~-· (~_?_.6_1_) -L(~3.~2J_j __ ~~~~-s _____ i(~!-~:_'---~co_~_J __ Q_~-~~]_1 ~34_.2_3) (32.89) 
1

1 97.o5 
\ Protein j l : 3 i 95 : 30 i !9 I 0 ! i 69 t 35 44 

' ___ ! __ coJ-55JL_._c~2~~~-(_~~~2.~J~~-~~~-~co~7)!_~3-l)J(2~49)(29.s3)1 101.06/ 
Fats : 0 ' 0 i 2 I 9 1 141 I 1 1 5 I 14 128~ ~ 

1 (0) I (0) i (1.31) i (5.88) I (92.16) i 137 (0 I I (0.67): (3.36) I (9.40) (85.91) I 123.40 
,-------------------r-- I -~-----------r---+----------,---------,----. -~--+--- -~~--+~~~ 
; Calcium l 3 1 68 1 38 \ 7 1 37 1 8 1 i1 29 1 4 I 38 I 

(1.96) i (44.44) I (24.84) ! (4.58) I !8) I l {5.37) I (46.98) i (19.46) I (2.68) I (25.50) I 81.99 I 
: /r~n~---:--12---~ -13_o __ l ____ 6 -~; ---2--T- 3 --r-----~------ -:f~---1~-~o-9--r---s----~ 

1--------- I (7.84) l (84.97) I (3.92) J ( 1.31) 'I ( 1.96) -1-----~--~~ ~__t ___ ._l_j (3:_36) G 
1 Vitamin-A \ 5~. [ ~·~4 [ 6 ! 1 ! 43 I 59 1 38 I 7 [ /, 

lr_ I (38~~?6) 1 (3.92) i, (0.65) IJ3~~0)t ___ ?_ __ ~~-~-~~)-t_(28.~:))_~ (4.7) L 1
' 

i Thiamin I ! I 4 I 39 I' 32 r 77 0 I 2 I 1 I I 

L 1 (0.65) 1 (2.6!) 
1 
(25:~-:~_L (20.92)_j (50.3_3) -~g~~~ (110~ r (7.38) J 

: Riboflavin 1 70 74 I 1 I 6 \ 2 1 42 
1

1 98 1 6 

l---- 1 (45.75) (48.37) · co.65) ; (3.92) : c !.31 l 35.63 _ __J3_~_:_~9) _L (65. ____ ~_~o3) 
\ Niacin \ l 1 (~] 1 

17 [ 7 I 127 0 ( 0 : 2 I 
l_______ . I (0.65) tl· (0.65) (~]_l___.· (4.58) I (33.01) --~~-~(~2_ __ l_(O]__j_j~.34) 1 
i Vitami;;z/5 29 37 ! 9 I 73 . 4 I 34 I 40 I ·~'· 
l I (3.27) I ( 18:95) I (24.18_~1 (5~~Ll~7.7~l l ~~.6~--- (2.~ (22.8:~_1J26.85) ~ 

2 0 

1.34) (0.00) 38.93 

I 44 

J.67) (29.53) 82.30 

14 122 

9.40) (81.88) 113.64 

0 ") 
.) 

(0.00) (2.0 l) 39.23 

4 143 

(2.68) (95.97) 164.57 

1 60 

\8) (40.27) 93.20 

Values in parenthesis indicates percentages 
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The mean consumption pattern (%) of nutrient intake with the RDA and sex specific 

nutrient consumption of different levels of RDA achievement among the Rajbanshi individuals is 

shown in Figures 3.46 and 3.47 respectively. 

I RDA 0 Male ~ Female 
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06 
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;Vigure 3.46: IJM diagram showing the mean consumption pattern(%) of nutrient intake with 

the RDA 
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Figure 3.47: Column chart showing the sex 5pecijic nutrient consumption of different levels ofRDA achievement among 

Rajbanshi individuals· 
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3.3.4. Protein-caloric adequacy among the Rajbanshi individuals 

The protein caloric adequacy of the Rajbanshi individuals was derived usmg the 

Gaussian distribution with co-efficient of variation of 15%. The results are outlined in Table 

3.40. The majority of the individuals exhibited inadequate protein and caloric (P - C-) intakes 

among both sexes. The overall prevalence of protein-caloric (P--C--) inadequacy was 39.07%. 

About 28.48% of the individuals consumed adequate calories and proteins (P+ 

proteins but inadequate calories (Pi C-) and inadequate proteins and adequate calories 

were exhibited by 29.8%) and 2.65%) of the individuals respectively. The overall 

the protein-caloric adequacy is depicted in Figure 3.48. vvere more 

among the 

among the 

protein-caloric 

i .I 

than the males. 

than the males (30.07%). 

protein-caloric · was higher 

protein-caloric adequacy was higher 

the ( 5.44%). Adequacy in protein and inadequacy in 

consumption was observed to be higher among the females than the males 

84%). and inadequacy in protein was h .92%) than 

the females ( !.34~~)). 

The sex difterences in the prevalence of different protein-caloric adequacies are shmvn in 

Table 3.40. It was statistically signi!icant in protein-caloric (P C ) inadequacy (i valuec 4.64; 

d.f.l; p<O.OS) and adequate caloric and protein c I) ex" value !3.85: l; 

However. the sex differences in the prevalence of adequate protein and inadequate caloric (P+ 

C ) (/ value 1.98: d.f. 1; p>0.05) and inadequate protein and adequate in caloric (P- C+) (i 

value 1.8:5: d.f.l; p>0.05) were not statistically significant. The prevalence of different 

categories of protein-caloric adequacy among the male and the female individuals is depicted in 

Figure 3.49. 



Table 3.40: Prevalence of Protein-Caloric malnutrition among the Rajbanshi individuals 
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Figure 3.48: Pie chart showing the prevalence of protein-caloric adequacies among the 
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Figure 3.49: Bar diagram showing the prevalence of protein-caloric adequacies among the 

Rajbanshi male andfemale individuals 

5. i._1ultinomial logistic regression model fitted on the socio-economic, demographic and 

lifestyle related variables among the Rajbanshi individuals 

A multinomial logistic regression model was fitted to assess the intluence of socio-

economic, demographic and lifesLyle-re!atcd vmiables on the protein-caloric adequacy and the 

protein-energy deficiency. The deficiency was assessed by utili zing the cut-off values considered 

to be consuming inadequate calorie~; or proteins when the intakes were less than the mean 2 SO 

of the RDA using a (.laussian distribution. The cut-offs values \Vere. thereby. suggested to be 
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2425 Kcal of energy and 46 gm of protein as the daily requirement of an individual. Those 

individuals below these values were considered to be having an inadequate intake and thus being 

undernourished (Table 3.41). The results of multinomial logistic regression model are briefly 

summarized belO\v: 

3.3.5./. Protein and Caloric inadequacy vs. socio-economic, demographic and lifes~rle related 

variables among the Rajbanshi individuals 

The results of the multinomial logistic regression model revealed that the inadequacy in 

terms of caloric and protein consumption was strongly related to sex. The odd values were 4 

hi Cl 2.38-6.96) and almost double (odds: 1.92: 95% Cl 1.21-3.05) 

m case of inadequacy among females when compared the males 

(p<O.O l ). ibited higher odd ues 1n the 40-49 age group m both caloric 

7) ill uacy (odds: 1.19· Cl 0 .08) (p>0.05) 

9 years and groups. . lower odd 

the higher tamilv indi s) dependent ildren children) 

protein inadequacies. fvlonthly income had a significant effect in inadequate protein' i 

whet·e the odd values were higher in <Rs.4000 (odds: 1.28: 95% Cl 0. 72-2.27: p>0.05) 

4001-6000 (odds: 2.36: 1.26-4.42; p<O.O I) categories. lnclivid to 

,;labour group' ibited lower odds (odds: 0.94 95% C! 0.58-l .54) and higher odds (odds: l 

9YYo Cl 0.77-1.94) for an individual being undernourished in caloric and protein inadequacy 

respectively. Higher odd values \\ere obtained from individuals belonging to the IO\ver monthly 

expenditure. per-capita expenditure and per-capita incorne for both caloric and protein 

inadequacy status.s The per-capita expenditure and per-capita income showed higher effects in 



caloric and protein inadequacies among individuals belonging to the ~Rs.750 category (Table 

3.41). 

3.3.5.2. Protein-energy deficiency I'S. socio-economic, demographic and lifestyle related 

variables among the Rajbanshi individuals 

The results the multinomial logistic regression analysis for the combined protein 

energy deficiency status indicated that sex was a major variable. The odds was y 

double (odds: 2.18; Cl 1.36-3.49) for the females being undernourished 

l ). s belonging to the higher age group (40 years-49 years). joint fam 

lower education showed higher odds for protein-caloric deficiency. ues 

,,\ere to family size and dependent i!dren 

categories }. The mu!tinumial logistic regresston analysis further revealed that 

indivicl s belonging to the rnorith!y income Rs. 4000, odds: !.! 3; 95% 0.63-2.01 ), 

monthly iture 3000. odds: 1.60: Cl 0 

expenditure 1000. . ! .63; 95% 0.90-2.97) and !ow per-capita income(:::: 

"7 
I : 1.0 I. Cl 77) (p>0.05) categories exhibited higher odds (Table 3.41) .. 



Table 3.41: Jl1ultinomial logistic regression model fitted on the on the socio-economic, demographic and /ifes(v!e related 

variables, and the protein-caloric adequacy and protein-eneJ~f.!.Y (PEM) adequac:v among the Rajbanshi individuals 

Variable 

Llfale ® 

Age 20-29 ® 

(in year) 

Frequency Caloric inadequacy 
i 

(lV=302) ! (N=208) 

N B 

(50.66) 

(49.34) (59.62) 

I 13! 42 

i (43.38) (20.! 
--L~ 

89 52 

(29.47) (25.00) 

64 

(30.77) 

0.4! '1 !.5] 

(27.! 79-

7) 

Protein inadequaq' Protein-energv deficiency 

(.11./= 126) 

(58. 

0.21 

(26. 19) 

!8 

(30.!6) 

( 1.21-

3.05) 

0.81 

( 4.69-

!.42) I 

(N= 118) 

46 

(38.98) 

8.98) 

53 

(95%Cl) 

0. 78 12.18*-* -1 
( 1 .36-

3.49) 

28 ' - 0.68 

(23.73) i 0.39 (0.38-

1.19) 

1.19---~ • 0.19 1.21 

co.69- I (31.36) (0.6-

2.08) 
I 

2.11) I 



·Fami~Jl Nuclear @; l 6g 

Type (57.63) 

Joint 1.56 50 t0.44 1.56 

(42.37) (0.96-

2.51) 

Fami~l' 

• size I (4~ I ( 43.27) I i - I 

i - I ( 44.07) \ ' .:-. I I 

-------~ 

.52: jl73 118 69 0.84 68 

(57.2R) ! (56.73) 0.07 ( 76) 0.18 (0.5 (57.63) (0.57-

1.33) !.45) 

Dependent I 0-1 @ I 143 101 
i 

children I 5) I (48.56) 

2> 1 159 107 0.86 
I 

(52.65) (51.44) 0.16 
.., 

0.5! (0.38- (46.61) (0.42-_)-

1 .07) 
! ------· 

Education ·~4 142 98 ().() 1 0.99 58 
! 

1 (0. 72-ofHead (47.02) (47.12) ) (),0 i (0.62- (49.15) ! 

1.83) 
I 

160 I 10 67 : 60 

98) (52.88) (53.17) 

Income : ~ 4000 jl 92 I 0.83 53 
I I 

(44.23) 0.] 9 i (0.45-
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4001-6000 

60012: @ 

Head 

3 2: ® 

I 

• exvenditure 
I ' 

~ 
3001-4500 

Nature of I Cultivator® 

Occupation 

i 85 

(28.15) 

(75.83) 

I 73 
I 

I 

! 

; (Y -) : ~).) 

i 

58 -

(27.88) 0.16 

I (76.44) I 

i 49 

(I" '6) L..). _) 

-"-· 

52 0.04 

i 

I 

0.85 46 1 o.86 2.36** 42 
i 

.) . ::J I i ('6 -1) . ( 1.26- (35.59) ' 

l 

I ! 
(22.88) 

82 

i ( ! (70.63) I 0.48 I (0.36- I (69.49) 
I 

1.05) 

- I 36 

(30.5!) 

1 
1 

5· i I co.93- I (29.66) I 

i l 
i ( 42.06) 

I I 
I (0.71-0.71- i (0.81- I 140.68) 

2 i 2.38) I I 2.1 I 

.22 
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DISCUSSION 

4.1. 111£ co;~1PARATIVE EVALU4110N OF SOCIO-ECONOMIC AND 

DEMOGRAPHIC AND LIFE STYLE RELATED FACTORS 

In the present cross-sectional study several socio-economic, demographic and lifestyle 

variables were also taken into consideration for the understanding of nutrition and health of 

the indigenous Rajbanshi population of North Bengal. As per the 2001 Census, the total 

population of the districts under North Bengal was !4.72 million. which was 18.35 percent of 

the state of West Bengal. The decennial population growth of the region ( 1991-2001) was 

l% as against 17.84% in the case the state as a vvhole. The region is predominantly a 

rural one. The districts of Cooch Bihar, Jalpaiguri and West Dinajpur are characterized by a 

bi caste l above average for the state). In 

the districts Jalpaiguri, and 21 and 13 the populations are composed 

tn as s 

BengaL 27. populations the urban and rural 

areas respectively (Census. 200 l ). The Rajbanshi constitute the second largest caste 

population state of Bengal 
.., 

,.) 17 individuals: 18 of the scheduled caste 

populations) ( and CJhosh. :wog)_ ln the present study. the results showed that 59.85% and 

40.1 the Rajbanshi individuals 'Acre males and females respecti (Table 3.1). 

According to the Census :200L the sex ratio of the districts of Dat:jeeling was 943, Cooch 

Behar \Vas 949. Jalpaiguri was 9~t L Maida was 948 and Dinajpur was 942. In the present 

study_ 70.65 (>0 (males: (/).23: lcmalcs 70.08%) and 28.71% (males: 24.28%; t~males: 

26.93(>0) of the Rajbanshi individuals were married and unmarried respectively (Figure 3.12). 

According to the Census of 2001. 4~-\.9% and 45.9% oC the total scheduled caste populations 

of the state \vere unmarried and mdrried (Census. 2001 ). 
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Among all the scheduled caste populations, 59% was literate, which was higher than 

the aggregated national average for scheduled castes in West Bengal (54.7%). The gender 

gap in literacy among the scheduled castes has been quite conspicuous in literacy rates with 

the males being more literate than the females (70.5% versus 46.9%) (Census, 2001). The 

districts of North Bengal were characterized by lower literacy levels (50.13% in 2001) 

whereas in the rest of West Bengal it was 61. 7%). The Dmjeeling district recorded a literacy 

of over 64%. The literacy rate of the Rajbanshi individuals was 60.1% (males: 

females: 47.3%) (Census" 2001). The results the present study a 

literacy rate of 78.67% (males: 83.23 females: 71.87%) among the Rajbanshi 

was 1) and 74% (Census. 20 11). sex 

however. observed to than total literacy rate of the country (males: females: 

11 ). l t is that North Bengai is characterized lmver literacy levels 

in 200 I) whereas in the rest of Bengal it was 6!. In addition to levels 

literacy there is also marked dispari . The ·ng literature also suggested that the 

literacy rate \,vas found to be Jovv in coastaL peripheral and metropolitan areas and is high in 

inland and mountainous areas, These regionai disparities are the products of differences in the 

length of educational background, age at marriage" level urbanisation, standard of living 

and proportion of socially conservative and backward sections of the population (Sagar. 

1989), When the level of education vvas taken into consideration" 11.6% total scheduled 

castes in West Bengal arc having educational level above matriculation. In the present study, 

3.38~1o (males: 4.84%; females: 1.2(~/o) have higher education levels (e.g., graduation) tnat was 

lower than the Sunri (29.J<Yo), Bagdi (4.9%) and Bauri (4.7°/o) of West Bengu.l (Census" 

2001 ), The educational compu::-;ition of main workers in the districts of North Bengal 

rc\calcd a preponderance uf illiterate \\Ork.ers tn comparison to the state of West 

'/ 1 1 
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Bengal. The relative proportion of educated individuals (matriculate and above) in the 

districts of North Bengal (excluding Datjeeling) was far below the state's average. In the 

present study the gender disparity in education as been observed among the Rajbanshi males 

and females especially in the higher education level of secondary and above (60.16% vs. 

52.16%) and graduation ( 4.84% vs. 1.20%) (Table 3.1 and Figure 3.3). 

According to the Census of 2001. a total of 31.9% of individuals were engaged as 

agricultural labourers and 20.3% as cultivators. Almost a third of their total main workers 

among the Paliya 8.9%), the Rajbanshi (35.1 %), the Sunri (excluding Saha) (33.3%), and 

the Kadar (20. 7 per cent) were cultivators in \Vest Bengal. [n the present study, a majority of 

s vvere engaged cultivation (39.96%) and daily labourer (24.71%) (Figure 

3. scheduled caste workers to total population is 38.8%, which is lovver 

than aggregated figure for scheduled caste at the national level (40.4%), where a total of 

been recorded as main workers and marginal workers 

. lt is evident tha1 the region North Bengal has substantially larger proportion of 

in agriculture-related as compared to the rest of the state. This c;oupled 

with the effect of increasing number of land-less agricultural I 

as compared to land--owning cultivators inhibited agricultural productivity 

The Rajbanshi is a predominantly agricullurist ethnic community. The results 

1 ) 

). 

study showed that a significant proportion of the individuals are cultivators 9.96%), 

follov-.ed by wage labourer (24.71%) (Table 3.1 and F~gure 3.5). The female workers had a 

percentage of only 22.30%. which is quite low when compared with the males (54.4%) 

(Census. 200 I). The results showed that the gender speci fie engagement of women was 

signi flcantly lov-er than nwle counterparts in cultivator (21.1 5% vs. 52.58%) and daily 

labourer ( 14.42% vs. 3 J .61 ryo) (p<O.O 1) (Table 3.1 and Figure 3.5). 
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Among the infl-astructures that contribute to better health and quality of life, the 

proportion of the rural and urban households that have access to safe drinking water, toilet 

facilities, electricity connection and transportation facilities bear significance. Available data 

indicate that with respect to the 3 main civic amenities of electricity, safe drinking water and 

sanitation facilities. the districts of North Bengal were poorly placed in comparison to other 

districts of West Bengal. Being predominantly ruraL the access to the infrastructural facilities 

remains even more limited in North Bengal. In the present study. 82.43% (males: 75.81 %; 

females: 92.31 %) and 17.57% (males: 24.19Slo; females: 7.69%) of the adult individ~a!s had 

· O\.Yll tube I or and · and shared drinking facilities respectively (Table 3.1 

and Figure 3.13). Tbe present study has also indicated that that 51.64% and 48.36% of the 

Raj ·no· toilet facilities (Table 3.1 and Figure 

3.14). According to rhe Census of 199!, the proportion of rural and urban households with 

access to ng water and toi urban: 

the district Dm~jeeling was poor (IAMR, 2002). A similar situation existed 

when the region was considered in terms of hurnan development indicators. 

In comparison to the state as a vvhole, the level of industrialization in North -Bengal 

remains very low. i\s per the income estimates available for the year !995-96, the per capita 

income in all the districts or vvas Ltr below the state's average. However, in 

Darjeeling. it was just beJel\\ the state's average. The results of the present also suggested that 

the most of the individuals belonged to the Rs. 4001-6000 income category (45.17%), 

follo\ved by up to l{s. 4000 income category (33.4%) and finally the >Rs. 6000 income 

category (21.43r}[,) (Table 3.1 and Figure 3.6). Furthermore. the highest number of 

individuals comprised the Rs. 70 l 1400 category ((>1.29%) followed by the >Rs. 1400 

category (:.:UJ.l-\5°1o) and finally up to the Rs. 700 income category ( 17.86%) (Table 3.1 and 

1" ''"'')I 'lgure _,.I. l reported that during the period from 1990-91 to 1995-96, 



per capita incomes in all the districts of North Bengal including Dmjeeling have incre.ased 

the region but at a slower pace than that of West Bengal ((IAMR, 2002). 

4.2. AN11IROPOMETRIC/L\'SESSMENTAND NUTRITIONAL STATUS AMONG THE 

RAJBANSHI INDIVIDUAL\' 

4.2.1. Anthropometric variables and tile assessment of nutritional status and body 

composition 

The present study was conducted among 1036 adult Rajbanshi individuals aged 20-49 

years and residing in the Darjccling district of the state of West BengaL 1ndia. 

assessment of bodv composition and nutritional status was evaluated using a set of 

and measurernent (Table 3.2). The mean values of weight, .height, 

M'lJAC We were documented to be significantly higher among the males than the females 

01 ). F. F. SF were to be hiuher ammw tbe females 
~· b 

males (p<O.O l) (Table Similar trends among the males and the females in the 

reported the mean and F to significantly higher among the females than 

the rnales (p<0.05 ). r\ similar trend was reported among the Kora-Munda tribal population of 

Bankura district. Bengal (Buse el a!.. . Bose (2007) further reported that while 

the older Bengalee males had significantly higher mean values in height weight and we than 

females ( .001 ). the mean He was significantly higher among the females than the 

males p<0.05). In their study among the adult Santals of Birbhum district West Bengal, 

Mukhopadhyay et ul. (2009) observed the mean values of height. weight, WC, HC, MUAC 

and SISF to be higher among the males. \Vhile that of BSF, TSF and SSF was higher among 

the females. ln another study among the Savar population of Odisha, Chakrabarty and Bharati 

(20 1 0) reported tbe menn height height MUAC and \V(' to be higher among the males while 

tk BSF. TSF. SSF and SISF w::ls higher amon(~ the fcm.ale individuals. Similar sex specific 
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higher adiposity in skinfold measurements were also reported among adult females by Bisai 

el al. (2008) and Silva and Padez (2010). 

It is evident from the results that the sex specific mean height and weight was 

observed to be higher among the males (162.13 ±5.65 em and 53.43 ±6.98 kg) than the 

females (1 50.03 ±5.42 em and 46.20 ::17.58 kg) (p<O.O 1) (Table 3.2). When the mean height 

and weight data obtained in the present study was compared with the available data from 

different [ndian populations. it \vas seen the Rajbanshi individuals exhibited significantly 

higher mean values. !-!ere the studies among the Bhumij of Paschim Medinapur (males: 159.4 

em. 47.4 4 C!R l3isai (2008)~ the Kora-Iv1udi of 

Bankura em. 8 : 1 .5 CDL 5 et (2008), the 

Lodha Pasc Medinapur : !61.4 em. 8 · females: 149.2 em .9 Bisai 

and Bose (2008 ). the Jalpaiguri (males: l 58 em. 47 kg; females: 144 em 41 kg) by 

Mittal Paschim l\1edinapur . 160.5 em. 51.7 

kg: females: 149.8 em. .4 et a!. (2006d). A comparative evaluation of mean 

height and weight of the individual belonging to chtTerent Indian populations with that 

obtained in the present study are depicted in Tables 4.1 and 4.2. The results of the present 

study suggested the existence sexual dimorphism in height and weight (p<O.Ol ). These 

whole body differences are complemented by major differences in tissue distribution among 

adults (Wells. 2007). The results further suggested that the Rajbanshi males exhibited higher 

UMA than the females. while the temales had more peripheral distribution of fat (BSF, TSF, 

SSF and SlSF) (p<O.Ol ). Such sexual dimorphisms in anthropometric and body composition 

characteristics are primarily attributable to the action of sex steroid hormones. which drive 

the dimorphisms during pubert<il development among indi\ iduals (Wells. 2007). 



The measurements of weight. height and the circumferences showed a tendency to 

increase during the middle ages (30-39 years) and then decline in the later ages (40-49'years) 

(Table 3.3). It has been opined in a number of studies that such decreases were prominent in 

the latter age groups (Rosmond, 2004: Arlappa et a!., 2005; Pardo Silva et a!., 2006; 

Chakrabarty and Bharati. 20 I 0). The decline in the stature among adult individuals is 

considered to be a common phenomenon (Khosla and Low·e, 1968; Brahmam. 1994). Such 

age-related phenomena has been shown in various anthropometric measurements and indices, 

and they reflected the aging process in action. This. in tact seemed to be a universal 

phenomenon and not related to the cliflcrences in socio-economic status (Nikolic eta!., 2005; 

el me stature is attributed to the thinning of inter-vertebral disc 

and flabbiness the is rnanitested as change in posture and of collagen 

bet\veen the spinal vertebrae. This in turn. causes the spine to bov1 and shrink. leading to 

decrease in stature (Ai 

belonging to higher age 

1995). existing l iteraturc suggested that individuals 

higher mean values and more frequently higher levels 

of adiposity in both sexes as the amount of fat- decreases and the proportion 

adipose tissue increases (Flegal er a!.. 1998: Rosmond, 2004). The decline in body weight 

may be attributed to a dtcrease in muscle mass in response to a reduction in protein intake 

and is also due to the bones becoming lighter because or gradual mineral mass loss due 

to age (Verma eta!.. 1987). Amo11g the Rajbanshi individuals. the age specific mean values 

in skinfold measurements showed an increasing trend in case of BSF. TSF. SSF and SSF 

among both the males and the females. The age specific differences among the ages were 

statistically not signilicant among the males (p>0.05) but statistically significant among the 

females (p<0.05) (Table 3.3). Such increases in mean adiposity measures (e.g., BSF, TSF, 

SSF and SSF) can he attributed to reduced physical activity. higher intake of fat in the diet 



and lower energy expenditure among the individuals concerned, as opined by Ahmed et a!. 

( 1998), Tur et al. (2005 ), Oas and Bose (2006) and Mungreiphy and Kapoor (20 1 0). 

The mean values of TUA and UMA in the present study was observed to be 

significantly higher among the males (44.39 ±4.90 crn2
) that the females (40.6 ± 7.58 cm

2
) 

( <0.0 1) but the UFA was significantly higher among the females ( 7.5 5 ± 2.6 7 cnl) than the 

males (6.16 ± L74 ) (p<0.01) (Table 3.4). Zverev and Chisi (2004) reported higher UMA 

values among rural [Vlalmvian females than the males, and this was attributed to the heavy 

agricultural and household labour done by the females. Studies have further reported 

sex in I he upper arm indices and among different 

ethnic in agriculture and non-agricultural \VOrks (Bishop. 1984; Bowen 

- l e! u!. 1 e1 . I l: 1 
• 1 ef 

1995: Bakr e! . 2004: and tvlarucci Mde. 2007: Bisai ef of., 2008). 

that the present study. the mean values were 

documented to be higher among the males (44.39 I 4.9 cm2
) than the females (40.6 ± 7.58 

em') (p<O.O l ). The upper ann composition and associated body composition suggested that 

the Rajbanshi female individuals were thinner when compared with the males in respect to 

TUA and Urv1A (p<O.Ol) (Table 3.4). The lmvcr body composirion among these fema)es \Vas 

probably due to the heaYy agricultural works which are traditionally practiced by the 

Rajbanshis. The significant sex differences in the upper arm composition indices (e.g., TUA. 

Ul'v'L\ and UFA) also suggested the females to be constantly under a nutritional stress and 

heavy physical activity relating to agriculture (Table 3.4). The age specific mean TUA and 

UMA. decreased with the advancement of age and \Vas documented to be distinctly lower in. 

The reduction in the age specific meau TUA and U1VlA was observed to be 
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Table 4.1. Comparison of mean lleigllt and weight oft he male Rajbanshi individuals with those reported ji-om different Indian populations 

Etlz nic group 
·-·-·-·-· ................ -~ ................... , ........ __________ , 

JV Area , Height (em) J·Veight (kg) Bll1/ Reference 

! Rajbanshi 620 Dm:jeelmg, West Bengal .4 ::=...6.9 Present study 

------·------· 

Santa! Birbhum, West Bengal 160.9:::: 6.6 53.2- 8.6 20.5 = 2.6 2010 

Mech Darjeeling, Bengal 
1 

Banik et al., 2009 
I I 

. -··-----------------------

Lodlw 157 5 CU-I :=-7. 9 19 5::=_2.7 1 Bose eta!" 2008 

I ......................... -r -· ................... . ·-- ............ -~-.... . 
~_().7 

1 

.4 ~6.9 1 18.65 ::_2.4 1 

I j I i I 

50 t-- Odisha. F~~;ten~-Jndia ---·-·] 155~() ____ +-I .2 4<l--i 19.4 ' 1.8 f-- Chakrabarty el a/., 2008 
I ! I I 

--+-----~-;·:-: .... -;:·::-:-,-. ---~ .. :-::----·--1----~------------1··1 ......... ;--;::;--·-·-:;-----+---- ............ :. .. --.. r~ ....... , . . . __J 
99 1 Od1sha. Ec1skll1 lndw 

1 

' ::. . 1 u. 1 .: -t. 1 18.1 .... 1.:-> Chakrabarty et al., 2008 

I i ! I I 
j I I . i I 
r---- Eastern lndia ~--l5h-··-:-:·-4. 7 -~----~-~----T l 1 1.9 -+[ -~C~h~ak~r~a~b~ar~i~y~e~t -a~l.~, 2~0~0~8-"""i 

I I I I 

Odisha, Eastern India I 15 7.' 5 ." -1- :; -\'~J- 'fJ9! : -I .7 J_ 
I I l. ! I 

_________ I __ -~----L·-~·-~-----L--. 

• Bhumij Bose et al., 2008 

Blwzva 

r-·---·--------------

so. 

-----··· 
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_ .. _ , _ _ _ _retght(c~)T~;;ght (kg~ JB:_(kg/;:~T . _ Reference ___ ] 

Od1sha. Lastern India ~ , . '.S ~ ,4 __ , c 

1 

I '···' , -~ 

1 

Chaklabarty eta/.. 2008 

--,--~--------------------------+-----------------+---------------------__L ____________________ ~ 

50 \ Bihar. Eastern India i 1 . ; :1: A ( 17.8 :ic l. 7 I Chakrabarty et al., 2008 
~ : i ! 

l ! j : I i I 

Etlinic group /V Area 

50 

-----------------------+-------------. ----------------------------------------~------------------- _L____________________________ ---- --------------,-----------------------
. Dhimal I 159 ·, Darjee!ing. WestBengal I 163.3:=__6.2 ' .2::':"_70 I 19.5:::.::__2.0 1 Baniketa/ .. 2007 I 

i I ) I 
I J I I 
I I L I 

__l ~ __ : ~--· ------------ -------~------------------------',---------------------------~------~-----------~ -- ---------~----1 ------l 
- j 4oJ - - Centr;l India [ ! ri I . i -1 .i> li I Iii.\ __ I. 9 : Adak eta/., 2006 ~ 

9.4 c lndia \1 ~- ·" Adak ef al .. 2006 

1\vra-1~1 udi 250 Bankura. West Bengal 158.9 =--6.2 2:.__6.L1 18.7 =--1.8 Bose et ol., 2006c 

5:.'avar Keonjhar. Odisha I 49.1 -T 6.5 19.3 :=__2.1 Bose et a!.. 2006b 

Santa/ 213 West 'v1edinipur. \Vest Bengal 160.5 :=__6.4 51.7 :::':_8.6 20.0 =:__2.6 Bose eta!., 2006a 

, Oraon 200 

i 
'jj~/1~ ~~fi------------r-~-------,--~

! 183 

L ____ _ 

Jalpaiguri. West Bengal 158 ' 6.Sl U :=_5.1 18.8..,.. Nllttal and :snvastav 

Keonjhar, Odisha 1 - 6.4 46.9 -T 6.3 18A :.:::__1.9 and Chakraborty, 2005 

.21 
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· Ethnic group N Area (em) Weight (kg) BMI Reference · 

Dibongiya 98 /\ssan1, India 1 Gogoi and Sengupta, 

/(a/ita 0:orth East India 50.5 =:.:_6.8 Khongsdier, 2001 

Kaibarta 100 "iorth East lndia 160-- Khongsdier, 2001 
l 
I 

, A.lwm 100 \iorth East lndia 1 18.7 ::J.5 Khongsdier, 2001 

-- -~------.--~ ---"~ . -·------- -- -------· -·····----- -----

162.6-- .2 7 :::.:_7.7 19.2 :::.:_2.5 Khongsdier, 2001 J(ochs 
-~-·C.-·--·-···-- ....................... --~---------~---- ·-· 

I 00 \:orth East J 

160.1 -· 19.2 :::.:_1 A Khongsdier, 2001 Lalungs 
~--· ---- . ·-----------~-+------------~---

' 49 ~orth 

Miri.\ 50 'Jorth East India 19.6 :::.:_1.9 Khongsdier, 
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. . 
Table 4.2. Comparison of mean heigltumd weight of the female Rajbanshi individuals with those reported from dfff'erent Indian populations 

Area (em) ! Weight (kg) BMJ Reference 

! Raibanshi Dmjeeling. \Vest Bengal 150 ~SA 46.2 -. 20.5-"- .1 Present study 

·Santa! Purulia. West Bengal 147.5~·_5.7 lR.l -=:__2.2 DasandBose.2012 

r--··- --~-~------ ---~-·-·-

Santa/ Birbhum. West Bengal 150.5 =- 6 44.18 :~6.9 19.5 =-2.5 Mukhopadhyay. 2010 

' --- ____ _i __ _ ------ - -----·---------- ·----
J1eclz Darjeeling. West Bengal 

1 
l Banik t!t a! .. 2009 

! 

: R;tj[;;lf Lttrakhand 154 ~- 46.5 =7.9 19.4:::::}.2 Gautam and Thakur. 2009 

Brahmin Cnrakhand 3 18.6-- 2.5 Ciautam and Thakur. 2009 I - . 

A(ra Uttrakhand 46.1 =_9.2 1. 9.8=-3.8 Gautam and Thakur, 2009 

-------
\1adhya Pradesh 154.8 ::..5.2 19.9.:::._5.3 

Dmjeeling. West Bengal 152.4 =.6.7 19.1 =-2.6 

Thakur Gautam and Thakur, 2009 I 

Bamk et a!.. 2007 ~ 
I 
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Heterogynous .Midnapur, West Bengal ,. 3.6 Bose era/.. 2007b l 

Kora-Mudi West Bengal -'- 5.6 40.0 -' 5.4 Bose et al., 2006c 

--·--·--·--·--·---·,;___ __ _j__ ___________________ ,. _____ ___j__~-... - ... ··-----c--·· .. --------·-·--·----'------
Keonjhar. 'Savar .6 18.9+2.7 Bose et al., 2006b 

I 
Sa11tal West Medinipur. West Bengal 

---- ....... --~-------___: _________ - ---·--------~------------_j 
' 19.3 ±_2.6 · Bose eta! .. 2006a I 

! 

--·-----·- ---------~--------------' ------- ------~ 
4lJ.2 ~-_11 : 20 9 -L .2 ' Ghosh and Bandyopadhyay, 2006 1 Bcnoafee . .., Kolkata. \.'1/est Bengal .8 -:- 5. 171 

! 
____ J 

Ora on 150 i Ja!paiguri. Bengal ' 144.0 -·· 6.1 4 J .0 ·· 4.8 18.7.L2.4 r-dittal and Srivastava. 2006 i 

Da/it women Andhra Pradesh. South India 150.0- 40.9 -~ . 18.2 -- .2 Schmid el a! .. 2006 j 
• Bathudi Keonjhar, Odisha 14·9.2 ·"- 6 7 39.8 =--6.2 

~ 
Bose and Chakraborty. 2005 1 

I 
~--··--·~-----·- ---------· 
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significantly greater among the females (F ratio' 11.15; d.f. 2, 415; p<O.Ol and F· ratio= 

26.84; d.f. 2, 415; p<O.Ol) than the males (F ratio 1.38; d.f 2, 619; p>0.05 and F ratioc-=3.57; 

d.f. 2, 619; p<O.OS) (Table 3.6). A similar age and sex specific trend in upper arm 

composition variables were reported among different adult populations by Bishop (19840, 

Bowen and Custer ( 1984). Burr and Phillips (1984). Falciglia et a!. (1988), Pieterse et al. 

(1998) and Coqueiro cl ol. (2009) 

In many of the developing countries. a considerable section of the population may 

a B normal rat {Alernu and Lindbjorn. ! 995). [t was evident that the 

mean BMI values in the present study were considerably lower in both sexes (males: 20.31 ± 

2 kg/m2
· females: 0 .• .03 ) (Table 3.4). Sex difference in mean 

\\3S to be statisticaily not significant among older Bengalee Hindus 

C{ . :2()()6b} rcporkd that age vvas significantly 

l ) \\ i th B!vll in sexes among adult Savar tribal individuals 

i\ similar significant difference in the mean BM1 was also 

udi individuals of Bankura. Bengal (p<O.Cl5) (Bisai eta!., 

lt was also bcen opined by Nube and van den Boom (2003) that adult BMI values 

varied strongly with and in lo\\ income countries. BM I tended to increase up to the ages 

0 .•.. 
J which it or started to rease. In the present study, the 

age specific mean B!VII values \\ere observed to be higher among early (20-29 years) and 

middle (30-39 years) ages among both sexes (Table 3.6). Use of RJ \Vas considered to be 

useful for understanding the relationship between different anthropometric and body 

composition variabks and nutriliunal .status of individuals by some researchers (Rolland 

Cachera. 1989: Rolland Cachera e! a!. 1991: Omura c/ a!. 199~: Berdasco. 1994; Fujikura et 

of.. 2008: rvlei c:1 u! .. 2002: \Ianius c1 of.. 2005: Ciao c/ u!.. 2009: Nishida and Fun.ahashi, 



2009). But the major confounding factor was the high correlation RI exhibited with weight 

(Rolland Cachera, 1989). In the present study, the correlation of Rl with weight was also 

significantly high among both the males (rc'0.66; p< 0.01) and the females (rc-=0.76; p< 0.01 ). 

However, age variations in Rl was almost absent among the males (F ratio' 0.85; d.f. 2, 619; 

p>O.OS) but was statistically significant among the females (F ratio= 1 0.89; 2, 415: p<O.O 1) 

Table 3.6). 

other anthropornetric measures and indices \vere used to assess 

and body composition characteristics among the Rajbanshi indi\ iduals in the present 

described as indicators of nutritional 

status adults and imiividua!s {Vanltallie et uL 1990; Bartlett et aL 1991). 

11ormul· as a of body mass, 

lute units (in unadjusted for body size (\Vells, 2010). 

and it is kno\vn that 

B not ·t e:>:cess body (Baumgartner el al. 

1995; Prentice and Jebb :200 l ). l !ence, the and arc considered to be tV./0 very 

important indicatot·s for assessing nutritional status and · on. These have been 

utilized in the study. The results indi that Ft\! and Fl'v1l were significantly" higher 

among the ! ). ik I wc:rc significantly h1gher among the 

males (p<O.Ol) (Table 3.4). Similar sex specific trends in body composition using FM and 

FFM were reported among adults A the Bathudi and Savar populations of Keonjhar, Odisha, 

by Bose el u!. (20mn and 2dult Kora-Mudi population of Bankura. \Vest Bengal (Bisai et al., 

2008 ). Higher prevalence or Ffvl and FMI over FFM and Fl:M I among the females and 

children \'vcre also reported !rum ulher llll1icm populations by l'vlukhopadhyay el a!. (2005). 

Chowdhury er ul. (2007). Ghclsh er <1!. (20(ll)). Datta Banik cl u!. (20ll) and Rao era!. (2012). 

)I 1 
--~·-! 



The comparison of body composition characteristics of the Rajbanshi individuals showed that 

the FM, FFM, FMI and FFMI were higher than those reported by Bose et al. (2008) among 

the Bathudi and the Savar.. except in case of FM and FMI (among Savar males) and FMI 

(among Savar females). The results of the present study further suggested that the female 

Rajbanshi individuals had significantly higher FM (9.89 ± 2.86 kg vs. 6.16 ± 2.39 kg; 

p<O.O 1) and lower FFM ( 4.91 ± !.03 kg vs. 9.53 ± 2.73 kg: p<O.O t) (Table 3.4). The linear 

regression analysis shovved an inverse relation of FM (t value: -1.197; p>0.05) and FFM (t 

value: -2.565; p<0.05) among the male and the female individuals respectively (Tables 3.11 

and 3.12). Very proportions and percentage were reported 

among adult Oraon and Sarak females of Ranchi district Jho.rkhancl India by Banik (2011 ). 

It has that among Caucasoid populations were 

associated with hard c! a!. 

s ( 

cut !5. I I \\'as al 

normal range of FFMI was adjusted from l 5.1 kg/m 2 to 18 kg/m 1
. !n addition. 

corresponding range for norrnal FMI \Vas adjusted to 2.9 kgh1/ - 5 kg/m2 

populations (Khongsdier. 2005 ). ln the present study. individuals were 

on the mentioned cut-off points. The results mdicated that \5.34% the 

3.87% of the males in FFMI and 82.9% of the rnales and I 0.34% of the females in FMI were 

observed to lie belo\v the relevant cut off points. There is. hovvever. the existence of limited 

data on Asian populations in the issue ol.lowcr Bl'vll in respect to F!Vfl and FFMI (Garcia and 

Kennedy. 1994: Yuan e/ ul. 1998: Khongsdier. 2002). However. Khongsdier (2005) 

that among the War Khasi of north-eastern India. males with a FMI of <2.9 kg/m~ or >5 



, ~ 

kg/m~ would have higher risks of becoming sick than those with normal FMI (2.9 kg/m~- 5 

Anthropometry has also been extremely useful in identifying age variations in body 

size and composition (Bose and Das Chaudhuri, 2003: Bose. 2002, 2007; Bisai el a/., 2008). 

Anthropometric measurements provide for an indirect assessment of body composition and 

are easy non-mvasive. and inexpensive to undertake. These make them ideally suited for 

field investigations in India (Bose and Chaudhuri. 2003: Bose. 2002. 2007; Bisai ef a!., 

2008). i\Iany studies have reported effects of sex on age. anthropometric measurements and 

- - __J ~ -- ---
UUlllg frorn India 

el 1989; !CCOZl 

et of.. 2000; 2007~ Bisai· et al., 

2008). from India ha\e t \Vith age changes in anthropometric 

nKast tremen ts lCS. ofG (200 l) 

and Das ) may ll very little is known about the 

sexual dimorphism in age \ ariations with respect to anthropornetric and body composition 

char3cleristics Jmong different populations of India. The present study provides unique data 

on age and sex cl i fferences in 3nthropometri c body composition characteristics and 

nutntional status of adult Rajbanshi individuals. age spccit1c mean BMl values were 

lower among the male and female individuals aged 40-49 years (Table 3.6). The relationship 

with age appeared to be in line v\ith the generally observed pattern of increasing BMI and 

vveight over the ages of approxinL1tely 20-49 years and decreasing BMI beyond that age, as 

observed by Durandhar ~md Kulkarni (1992) and Rotimi el u!. (1995). Similar trends have 

been also reported in the studies of Ciuge!min and Santos (2006). l'vlungreiphy and Kapoor 

C'J)]O) ;:md Li\shits et ( 
1 I l ). The mean values of the anthropometric measures (such as 
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FFM, FFM. FFML BFMA and WHR) declined with age (Table 3.6). TUA showed a similar 

decreasing trend with the advancement of age (Table 3.6). This decline with age is indicative 

of the reduction of lean body mass among the Raj banshi individuals. 

The results of the present study also suggested that the mean values of ·several 

anthropometric measmes and indices such as height MUAC. WHR. TUA UMA, BFMA, 

FH/1 and FFMi decreased with age among the Rajbanshi individuals. Most of the skinfold 

ratios such as 2.:4SKF/BML BSF/~4SKF and l.oglO ~4SKF among the males and 

.L4SKF/BML 8SF/2.:4SKF and Log l 0 2.:4SKF among the females were 

were to statistically · 

age groups m sexes (p<O.O:'i J (Table 3. 7). i\lost of the anthropometric variables 

an 

3.9). Age associntiuns \\ ith the iF:rent anthropometric WHR, 

Ct \VriR. UiV1A. UFA, STR. PBF, 

FFJ'vL weight l'SF. BSF and Rl (among ). Banik (2007) reported that height, 

weight. U/\C and BMl were significantly correlated \\ith other The BMl 

also shovv~d signilicant associations most of adipositv v·ariahles among both sexes. In 

the present study the acliposi indicators oC TSF. RL WHR, \VHtR, PBF. FM and FMI were 

correlated \Vith BM I. I<usuma er ) reported that age was strongly 

correlated with \VHR and Ct. hut not with Bt\!1! and that both WHR and Cl were intluenced 

by BM!. In the present study. also showed significant association with WHR and CI 

(among the males) and \Vith WHR (among the females. Moreover. BMl showed significant 

correlations with \V!IR. \1\1! ltR am! PBF among both sexes. 1t was reported by Kusuma et al. 

(2008) that Bi\~11 and sc:; \\ere uhs<.T\ed to k signiliuml contributors to variation in WHR. 



Linear regressiOn analysis was done to assess the effect of sex on the different 

anthropometric and body composition measures and indices among the Rajbanshi 

individuals. The results showed that WHtR. UFA. PBF, FM, TSF, BSF, RI and CI were 

significantly positively and WHR. Ufv1A. FFl\t weight, height WC and CFR were 

significantly negatively associated with se;-;_ (p<0.01) (Table 3.10). However, STRand BMI 

did not sho\\ such associations with sex. In their study among the adult Kora-Mudi of 

Bankura. \Vest Bengal Bisai et (2008) reported that BSF. TSF, SSF. StSF. 

and FMI shov,red positive ons l .00 II height u 

showed significantly negative associations (p<O.OO l) vvith sex. 

Linear regress1on analysis showed significant associations 

measures age m sexes JJ 3.1 . case 

individuals. Wl-J.R (p<O.O 1 ). (p .0 t ). 1 ). Cl (p<O.Ol) 

were associations. (p<O 

shovved statistically s1 age (Table 3.11). The linear 

regression analysis on the difCcrcnl anthropometric variables Kora-rviudi males 

showed statistically insigniticanl assoc· tl1 \\CighL f\!HJ 1\C.. TS:L. SSL SISF. 

BML PBF. Ftvl. Fl'v1L LJf'v1;\ and UFA (p>0.05) (Bisai et u/ .. 2008). The present study also 

showed statistically insigni !l1 I j! 
!. '.• A. STR. PBF, FM. TSF, 

BSF. Rl and CFR \vith age an1o1lg the male Rajbanshi individuals. in case of the females, 

UFA (p<O.O I), PIH: (p<O.O l l. lSi' (p<O.O 1 ) and USF ( p<CJ.O 1) \verc significantly statistically 

positively associated. while B!vU (p<O.O l ). WHR (p<Cl.O \ ). UMA (p<O.O 1 ). weight (p<O.Ol ), 

PBF (p<O.O\) and Rl (p<CHl\) \\crc :-,ignificantl) ncgali\cly associated with age (Table 3.12). 

Significant linear rcgrcssin11 cncitlcicnts 1\aS reported b:.Jr age on vvcight (p<0.05). 

BSF (p<O.O 1 ). rSl .Oll. SSI (p<O.Ul). SlSl (p"JHll). Btv1l (p<0.05). PBF (p<O.Ol), 



FM (p<O.Ol). FMI (p<O.Ol). and UFA (p<O.Ol) among the females of the Kora-Mudi 

population of Bankura. West Bengal by Bisai et of. (2008). [n the present study, insignificant 

association was observ·ed age on WHtR. STR. FM. height. WC. Cl and CFR among the 

females (p>O.OS ). Bisai el ul. (2008) also reported insignificant (p>O.OS) association of age 

on height. MUAC and UMA among adult Kora-Mudis of Bankura. West Bengal. The 

significant linear associations of the anthropometric measurements and indices suggested that 

these were strongly dependent on age among both sexes. · that 

tlh' 

ipOSI 'C)(ji.)) (11 l(.l . ! R. CF R l and 

ttrDtln.g 

ues ( < age on 

PB!. F L UF BSF and 

dimorphism in age \ ariations in anthropometric 

and \ iduals (Tables 3.8 and 3. 

Linear regression StS \'vc.LS tu determine BMT on 

different anthropometric measures and indices among the FZajbanshi individuals (Tables 3.13 

and 3.14). The results slHmcd that 'vVllR. WHtR. UivlA. UFA. PBF. FM. weight TSF. WC, 

BSF and R! significantly positive linear associations \Vith BMI among the 

males(p<O.Ol) (Table 3.13). Among the Hit Wl!tR. Ul'vl U ST'R, 

PBF. FM. weight. TSF. WC. BSF. Rl and CFR exhibited significantly positive linear 

associations with BJ\!II (JYO.Ol) (Table 3.14). Negative associations were observed with FFM 

(among the males) and FFM and Cl (arnong the females) (p<O.O 1) on BMI. Height was also 

observed to have insignificant negative association I~Ml among both sexes (p>O.OS). The 

significant linear associations of the anthropometric and body composition measurements and 

B l had 



the strongest impact on WC in both sexes but a \-\Taker impact on WIIR and Cl among adult 

Bengalee I-Iindus of Kolka!a, India. Sirni!ariy. Gautam and Thakur (2009) reported that 

regression analysis of the anthropometric variables of weight, HC, WC, MUAC and sitting 

height showed significant associations with BMJ. In the present study, a noteworthy point 

\:Vas the prcsellcc of a distinct sex spcci difference in th'-' strength of the impact of Bl\1! on 

l i (l ), t :FA (1 l J 1 ). PBF (t 11.561). 

\ 'v\ }. j~ It= f\ (t= 39 l L) 3 ) .. !SF t= 
1 ,, 

'l . l· I f.}. ). R! (t= .348) 

Brv!f on among male /:o; (Table ' .), (t l :2.953). WHtR (t'= 

0) l 
., 

l !Vlt\ (1 .) (t= .079) 

on 

rtcli.)r:~. 

status 

mean aJ the Rajbanshi i was to hi 

the females (20.50 1 3.06 k than the males (20.31 ~.2.33 kg/m2
) (p>O.OS) 

3.4). Cornparative evaluations or !llCa!l Bi\!1 of the lllale aJld the kmalc individual 

to different Indian populations \\llh that obtained in the stud v are ll1 

4.1 and 4.2. lt has observed that the mean Bl'v1I \alues \\ere higher among the 

(Banik er ul., 2007). the Kalita (Khongsdier. 200 l ). the Koch (Khongsdier, 2001 ). the 

Dibongiya Deori (Ciogoi and Sengupta. 2002) and the Gone! (Adak el a/., 2006) for the males. 

The mean BMI values \V<..Te higher ;:unoilg the f'v1ech (Banik t'f a!.. 2009) and the Bengalee 

(Ghosh and Bandyopadhyay. 200CJ) amung the females. It is also evident that the in generaL 

the mean BMI values were higher arnong the maics than the females. The females exhibited a 

higher prevalence of thin11ess due to lower mean 13l'v11 \ alues. !he variations in these mean 



values may be attributed to many factors such as age. sex, environmental conditions, 

genotype, socio-economic and nutritional conditions (Eveleth and Tanner, 1990; Rolland 

Cachera, 1993: Khongsdiec 20U 1 ). It has also been stated that even though human 

populations show wide variations in height and weight as the major expression of different 

genetic makeup (Eveleth and Tanner. 1990) at the population leveL BMI may be considered 

as the major expression of nutritional status rather than genetic predisposition (Rolland

Cachera, 1903 ). 

BMI is considered to be an indicator in the assessment of both under-nutrition and 

over-nutrition. A number of scil·utilic papers have focused on its potential to determine 

nuln status ons Rao et 

L :Ghosh 

Bose l'f , :2009: (]au tam ef o!., 2006; Chakrabarty et 

2008: e! 2009: Bbarati. 1 0). There is no\v a broad 

consensus to B!'vl! \'aluc <18.5 as the cut-off point below 

\Vhich adult mdividuals are cLI'islll as undcrnouri shed. irrespective of their ethnic 

background (Nube. 2009). This cut-off point for BM! ( <J 8.5 kg/m 2
) has been utilized for 

assessing under-nutrition ill a number of studies (Bailey and Fcrro-Luzzi. !995; Ferro-Luzzi 

et 1992; Shetly R2Hl. 1994). Low BM! values among adults 

haw been alsu associated ·'' ilh ;.H.:lvcrsc health consequences associated with increased 

mortality and morbidity. and poor birth outcomes (Frisancho e/ u!.. 1983; Ferro-Luzzi ef al.. 

1992; Campbell and Ulijaszck JC)(Jc.l; !(usin et o!. 1994; Hirve and (]anatra. 1994; Shetty and 

James. 1994: Rotimi er o!. J9lJl): Klwngsdier. 200L 2002. 2005; Sen era! .. 2010c; 

Chakraborty and Anderson. 201 1 ). 



Table 4.3. Comparison ofthe prevalence of chronic energy de.fi~iency (CED; B/~;f/<18.5 kg!nl) and public l~ealth risk assessment of the 

Rajbanshi individuals with those reported from d?flerent Indian populations 

F group '\ ! Prevalence of CEO ( Public Health Risk \ Reference I 

-----. --·-~~---------~--"--~-----~---j-----·-------··-·--·--------f---·---·---~~---~----- 1 

' 620 i Dar]eding. \\1est Bengal I 20.8 I Serious Situation ! Present study l • Rajbanslzi 
• i . , I 

i i 
' ' I 

San w I 168 Birbhum. West l:kns;al -3o ·;--·-·---~--~~ :s·~-~T;~;;·sit~-,~1i;I~--~-- \1ukhopadh\~ay~2o1o-i 
"- . "' ' 

Ben.t:;afpe ou~ Situ:Jtion Bose et ol.. 2009 

ic:1l Situation Datta Banik ef ul., 2009 

Lodlw 157 Paschim \1edinipuL West Bengal ! Critical Situation Bose <'f a!., 2008 
i 

l 
~""--~--------

.. ---.----~-------, 

Bose et ol .. 2008 i 
I 

Bhumij 161 , Paschim \1edinipur. West Bengal 1 48.4 Critical Situation 

Odisha. Eastern India 30 

--·-----------·-·-;------. -j-~-~-----·-------------~-----'"""""'-·-· .......... ---····------l---- --. 

Odisha, Eastern India 

----------~ 1 00 
- I 

I 

L~ ... - I 

Oclisha, Eastern India 35 

)"! _ _, __ 

1 I 
I I I 

---~----;-·---=------~---=----· ··-,--.• ----------~ 
· Senous S1tuat1on 1 Chakrabarty et o!., 2008 : 

I 
6 Chakrabarty et al., 2008 

I 
i 

Serious Situation 
------...l---C-ha_k_r-ab-a-rty. et al., 2008 j . 

" 



Eastern lndia Serious Situation Chakrabarty eta!., 2008 

Eastern India 80 Critical Situation Chakrabarty et al., 2008 

50 Bihar. India 70 Critical Situation Chakrabarty era!., 2008 
(!) 

---~--,-·---~--~-·--- --- ------ ·--- ---------
---------~--------~-----~---

Dlzima/ 

,)'avar 

Santa/ 

Ora on 

. Batltudi 

159 Dm:ieeling. West Bengal uation 
-----------·---------

Banik er ol .. 2007 

(' 61.1 Critical Sitllalion Adak e/ of.. 2006 

·-

9.4 Critical Situmiun Adak et ul., 2006 

. Odisha 38 Serious S Bose ill ol .. 2006b 

-·--- ~----------~-~-----· --- -r------ --------- ---~- ------ -~-~---~----~--------- ------~--

213 ! \A/e5t ~v1ed 

200 Jalpai 

18
.., ' 

, l _) I 

. West Bengal 31.5 Serious Situation Bose et of .. 2006a 
i 

------···-·- ----------+----·-··--·--··-------+--------------------_j 
·. West Bengal 4 7 Critical Situation Mittal and Srivastava, 2006 

-----------~~----------~--~-~------------·· --------+----------
·har. Odisha 

"!"'"' ..;.._) _) 

1_7 , Cntical Situation Bose and Chakraborty, 2005 

__ _j 



Dibo11g(va Deori Assam. East India 21 A Serious Situation Gogoi and Sengupta. 

fVar Khasi 575 \1\eghalaya, 1\orth east lndia 35.1 Serious Situation Khongsdier. 2002 

\:orth east India , Critical Situation Khongsdier. 2001 

Kaiharta 100 east lndia 61 c·ritical Situation Khongsdier. 2001 

.·liz om 100 '\ Critical Situation Khongsdier. 2001 

Hoch;, 100 50 Khongsdier. 2001 

La lung c.f9 '\ Serious Situation 

, :Hiri 50 '\ east India Serious Situation Khongsdier. 2001 
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~ ~ ;. .. 
Table 4.4. Comparison ofthe prevalence ofchronic energy de.ficiency (C~JJ; Bivfl</8.5 kg/m~) and public health risk assessment of the 

Rajbanshi individuals with those reportedfi·om different Indian populations 

Ethnic group '< Region CED (%,) Public Health Risk Reference 

L_____ ~- "--~---·-· 

• Rajbanshi 416 ' Dariecling. West Bengal 26.7 Serious Situation Present study 

-------~~---- --·---------·-- -----------~------------·--··-·--- -- ------~--~-------· 

Orru)// 216 Ranchi. Jharkhand .5 DattaBanik.2011 

Sara /1· 

Sa 11 ta I 6 .-+ • Das and Bose. 2012 

Situation \1ukhopadhyay.2010 

1 
Bi!ngalee ' Hooghly. West Bengal Serious Situation Bose et ol .. 2009 

Mec/1 69 Critical Situation , Datta Banik eta! .. 2009 
I 
I 

1 , . I _j 
~~--~-. ------:--· ·--~------[------~---~-----------~-~ t- . -
' Rajpm 1 150 Lttrakhand i 41.3 I Critical Situation I Gautam and Thakur, 2009 I 
I i I I I i 
I i ' I I ~ 

l~-------- . ---~-----------: -~-----~---~-~----L·------------+ . I 
I Brahmin I 60 Cttrakhand 1 58.3 I Critical Situation 1 Gautam and Thakur. 20:9J 
: I I I I 
L_____ I ~- _l . 
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• /l f)'{{ 52 Uttrakhand 40 Critical Situation and Thakur. 

I 
T/wkur l 00 : Vladhya Pradesh .2 Critical Situation Gautam and Thakur, 2009 

Dlrimal 

I leterogynous 

Hora-.H udi 

V(lf' 

Santa/ 

Ora on 

• Dalitfcmales 

. Bathudi 

146 , Datjeeling. West Bengal 46 Critical Situation Banik eta!., 2007 

333 \11idnapur. \\\:st Bengal 

:::_ Bankura. West Bengal 

300 

197 \Vest \;kdinipur. \Vest Bengal 

150 Jalpaiguri. West 

1; 7 : Rajasthan 
-- i • 

220 • Andhra Prack:;h. South Indiet 

Keonjhm. Odisha 

46.8 

56 A 

49 

c.+ 1.8 

:~0.7 

'i .. ., 
.. ) . .:_ 

58 

236 

Critical Situation Bose eta!., 2007b 

Bo:-;e et u!., 2006c 

Critical Situation Bose et of .. 2006b 

Critical Situation Bose 1!1 ol.. 2006a 

Serious Situmion \1inal and Srivastava. 20U6 

-·-·--~-"~---· -----~---·--·--· ------·.- --

Critical Situatiun Rao et ol .. 2006 

Critical Situation 

Critical Situation Bose and Chakraborty. 2005 



The mean BMI was also very significant in predicting morbidity patterns in a population 

(Khongsdier, 2002, 2005). Khongsdier (2002) reported that the mean BMI value among the 

War Khasi vvas 19. I 8 kg/m2 fen· those who reported illness and 20.06 kg/m2 for those 

observed to be ill. 

It has been well proved trut the inlluence uf nutrition and environment on BMI was 

more plausible than genetics (Rolland Cachera. 199:1: Klwngsdier 2001 ). Individuals with 

lean and thin body composition and \\eight-surface area ratio \Vere the characteristics of 

individuals living 111 the tropical and sulHropic:d regions ( Schrcidcr. 1 C)(Jg ). It has been 

e.\ lmver l (2J 3 ) than the \Vhite., Black and 

Peurto Rican ethnic cl ul.. a large-scale conducted in 

( l "'r rnean B indian (!8.9 

Clwkrabart) e! ul tJ ll' I11 L d ll ues di !Terent populations of 

Od (I ?\.8 k!:' m') i soc to than 

that li1diu (19.1-l- k \ The rnean B f or Rajbanshi 

individuals m the present \vas higher th<lll those reported frum different Indian 

populations by Bharati (198cn Visi.VCS\\~tra Rao ct ul. (!990. !995) and Reddy (1998). The 

mean values arc also obscn ed to he higlli.:r than reported from different central Indian 

( 18.·:1:'1 ) and suuth i · 1 adult 1na ( 17.7 · ef al. 

(1992). 

The existing literature siHii\Ccl thal the prcvaleiJce of mortality 1vas higher ·among 

males with a Bl\11 · 17 kgimJ C0111pared \\ith those with ~1 BMI > !8.5 kg/m' (Khongsclier, 

2002; Gautam el ul. ·woe,: U<,sc t'/ u!. 2007: Saul~tgel ctu!. 2008). Shctty and James (1994) 

were ofthe opinion that u !Vv'll \:due lS 5 kg/m' 1vas compatible \\ith good health among 

soldiers and fenwks in the t :nik·d K 11 and comprising the hit"-h socio-economic class in 



the developing countries. ll was also reported by Shetty ( 1984) that Indian male labourers 

with a BMl > 17 kg/n/ were physically fit according to st~ndard text, although their physical 

capacity remained unknovvn. 

4.2.3. Chronic l:'nergy Deficiency (Clc'D) based 011 BMJ 

It has been proposed by f crro-Lua.i el ui ( 1992) that B Ml alone was sufficient to 

define CED at the populatiun lc\·cl. fhc uverall prevalence of under-nutrition in the present 

study was LU 7% (Table 3.15 and Figure 3.2 7). ThC' prevalence vvas higher 

females (1CJ.68~1o) than the maies (20.81 (p>0.05) (Figure 3.28). ·rhe prevalence was 

lU to 39%) this .. according to WHO 

(1995) is (Table 2.4). Comparative evaluations ofthe prevalence 

( prevalence of 

CED male and !c indi\ idual diilcrc11t Indian populations with those 

are in Tables 4.3 and 4.4 \ lt is evident that 

the or CED among indi,idua!s of the difkrenl populations was 

prevalence of CL:D was J'ound tu be hi!:'-her arnung the kmales than the mates, Using the 

WHO ( !995) proposed classifrcal:un for public hc<tlth nsk factor based on prevalence of 

CED. it \Vas observed that the situation remained critical in majority of the indian 

populations. on Dhi . the SantaL the Miri and 

the Raj banshi of the presellt study \\ere scTrous. 

Adak e! ul. (1006) reported the prcvatencL' of CLIJ among individuals belonging to 

different populations of central India. TllC) documented high pre\ alencc of CED among the 

scheduled castes (Khati. Koli. K('ri and Mahar: 60.3%) l(JJlov\cd by the other backward 

classes (Barala. Kachi. Luhar and Ravval: 5 l.7~'u L and tinalh the scheduled tribes (BhiL 
~ ' . 



Gond, Kol and Korku: S 1.5%). The Muslims and the general caste populations (Brahmin and 

Raj put) showed comparatively lower prevalence ol· 4 7.5% and 43.1% respectively. 

Several studies have reported signiticantly gender differences in the prevalence of 

CED among different Indian populations (Bose and Chakraborty, 2005; Bose et a!., 2006b; 

Chakrabarty and Bharati, 2010 ). bose and Chakraborty (2005) reported a high prevalence of 

CED arnong the Bathudi of Kconjhar district. Odisha (57.90%). The prevalence was 

significantl: higher among the 1\:males (64. lhan the males ( .7~1o) 

(2007) reported the prevalence to be ncarl) 30%> a the adult Telega males and >30.00% 

T females ti·orn Kharagpur. \Vest Bengal. These vvere appreciably 

higher than those n:'porlt'd !i.n the Rajban.-.;hi individuals in the present study. 

Banik c/ C D to 

6 adult . T11ev further suggested that the 

. ! I (27%) (p 

0 l). ·>/ 
l ' of C'ED .5%) among adult 

Santr inc\i or lJ UistricL Udishct Similar sex difterences have also been 

documented in the present study (Table 3.15 ami Figure 3.28). 

A higher ol" ( 'l·D ((;5_1 ) v\as also observed mnong the Kora-Munda 

females ot" \Vest Bengal ( lY ~md Bose. 200Y ). Chakraborty el ul. (2009) reported the 

prevalence of CEU to be \2 :unong adult Bengalee nwle slum dvvellers of Kolkata. A 

hightT prev;:tle11cc u!' 4'1.:'\S.<> was reported among adult lkngalees of Hooghly district West 

Bengal by Bose et (20()9). ThL· U\'Cl"(ttl prevalence or CED \NetS documented to be 38.2% 

among adult 111alc slltln chn:!krs ul· Midnapore. \Vest BengaL India (Bose et of. 2007). 



Several researchers have reported the discrimination made against the girl child in 

Indian society (Ghosh, 1990~ Dcvendra. !995: Borooa!L 2004 ). It is probable due to 

prolonged nutritional deprivatioll and the nutritiorfal preferences given to the boys. 

Investigators have also poitlted out that the males had better access to food and resources than 

the females (Kishor 199:1: Gopaldas and GujraL 1995). Studies conducted on rural 

populations indicated higlln gender differences in under-nutrition among the females when 

compared with the males ( !<.oush:Hn. 19%: Miller. 1997: '{adav and Singh. 1999: Choudhury 

era! .. 2000: Bose el o!"' :2006a: (!autalll et ol . .200(J: Banik et d . .2007; Chakrabarty and 

Bharati. 20 l 0). 

Other significant studies d,leumcnting the lllitntional among the females 

). \ ( 1 7t I 1 ( 1 and et 

al. (2006). deprivation might weJJ be a maJor 

Crlllll1lll~ lor in di erent Sou 

including !ndia .. l\: ~md \an l (200ll 0p1 BMI 

existed among the female indt this \\~tS i.l major causative factor for 

high levels of under-nutrition. l his reikcts a llJa]Or public health concern and warrants 

special attention iu respect to Ilutntion Cllld th. 

prevalence or \\(h I . lCI' tile wles 

the males (p>O.O:'l) (Table 3.16 and Figure 3.29). This can be attributed to an unequal 

distribution of food and rL:suurccs \\ithin the ti:unily and the cultural preferences to the male 

child as observed by Kisllllr ( 1 9()3). It is evident ti-om the foregoing discussion that the 

prevalencv or under-nutrition \\ w Cl vcr) serious public health issue among ditlerent adult 

Indian pupubliuns. including lhL' iCijban:-;!Ji i11 tilL' present stud). 

-~ I I J 



The prevalence of age specific CED grades were seen to increase vvith age. The 

prevalence was mostly observed to be higher in lhe ages of 40-49 years among sexes in CED 

Grade II and Grade Ill. (Table 3.17 and Figure 3.30). Banik (20 II) reported that prevalence 

of under-nutrition and thi11ness (e.g .. CED) increased with age among the Oraon and the 

Sarak females of Ranchi district .lharkhand. The studies of Banik (2008) and Delpeuch et al. 

(1994) are also mentionable here .. 

4.2.4. Different grades ofCED 

The majority of the umkmourished Rajbcmshi individuals comprised 

( 17.3 

l 99 

3.29). 

C_irade-l 

n 
L> 17 - 18 k m) CED II ( 4.05(%:. BMI 16 kg/n/-

c; BMJ < 16 k£/m~') (Table 17 

s a c 

ph~ sic:di) acll\ l~ and hea!thv The u f the present stud:,' 

\\l lhi coDc!usion ol' rt . (2006 ). Several researchers had 

area ratio was one of the 

and suh-lrupical regions (Roberts, 1953; 

Newman and fvlumo. !95:": Dolvhansk\. l 9():2: Schreidcr. l C)()R). This may be one of the 

reasons behi tlJL: high number llf. mdividualc-: \\ ith C!D Clradc-l in most of the· Indian 

populations incl the · (Figure 3.30). 

Bose er a/. (2006a) reporkd the prn alence of di !Tercnt grades or CED to be 3.3% 

(Grade Ill). 3.0S<> (Cil"adc Ill) aml 19(>0 (Crack l) among ctdult Santnl111alc individuals from 

Odisha. Khongsclier (2005) obsen eel that a high prevalence of' CED (2() 0/o) vvas still a major 

concern than ovnweight ( 12°1;1) ;tmong adult 'v\.ctr Khasi indi\iduals of North-east India. 

HowevcL the prcvcdcm;e or c U) in the present Stltc!) was >;lightly lower than the War Khasi. 

'! ·1 \ 
-~. ! I 



proportions of the individuals were suffering from CED Grade HI and CED Grade II that was 

significantly lower than the prevalence of CED Grade I. The comparative prevalence of CED 

Grade II showed that the prevalence was found to be higher among the Oraon (9.5%) ·(Mittal 

and Srivastave. 2006). the Lodha \8.3%) (Bose et ul .. 2008). the Bhumij (6.2%) (Bose eta!., 

2008), the Gond (13.1%) (Chakrabarty e1 ul .. 2008). the Munda (!2%) (Chakrabarty et al., 

2008). the Shabar ( J 4.02 %) (Chakrabarty and Bharati. 20 l 0) and the Bhil (14.5%) (Adak et 

aL 2006) than the R;:~jbanshi nwlcs. The of C Grade ll was 

higher among the Dhimal (5. ) U3anik el u!., 2007). the ) ( 

2006 ). the Sm ar ( 18. ( Chakrabart) Bharati. 20 l 0) and the Raj put ( 1 0%) 

and ThakuL \\ or f""' .. 1 rem<u e::-.. 

(] to ver; among the 

. 0.8 l . f...'ll es: 3.1 ) 0/o). e:<_istinf, lit<.:ralure suggested that 

the a di pulations India. 

The con1parat i \ e ofC!-.D Ill was higher individuals belonging 

to the Oraon (Miltal and SrivastavcL 2006). the Dhimal (Banik ef of.. 2007L the Lodha (Bose 

et u! .. 200R). the fvkch (!hmik l'f ul. lhc: and BharatL 201 0) 

populations. 

4.2.5. Jl1id-upper arm circun~ference and nutritio11al status 

The rnid upper arm circumference (lV1l iAC) has been extensive used for the 

assessment oC nutritional status 11Winly due tu its purLthilit; and universal applicability 

(James ef o!, 1994: Wl-l.O. 1995). Currently. Mlii\C has hccn extensively utilized to assess 

nutritional status (HillTics e/ u!., 1 tJS5: Siz.iya and l\latchaba-Hovc. 1994: Bern and Nathanail. 

l995; James cl ul., 1094: Collins. l 99(l: Feno-·l.uzzi and James. l Sl96: Mei et u!.. 2008). 

MtJAC is putcnti,tl]v sui!L'd lu scrL·cniilg (tdJnis:-;ion tu k·c,di centers during emergencies 



and its use has been recommended lor different age groups and physical conditions. Here the 

studies of Ferro-Luzzi el of (1992), James eta/. (1994). Collins (1996), Ferro-Luzzi and 
0 

James ( 1996). Kumar et of. ( 1996). de Onis et ut ( 1997). Roy (1000), Abidoye and Ihebuzor 

(2001), Gartner et u!. (1001 ). Khadivzadeh (2002). Bose et u!. (2006a). Bisai and Bose 

(2009). Lemma and Shetty (2009). Chakraborty el of (2009. 2011) and Sen eta/. (20 1 0) are 

mentionable. 

Several h::t\c lizcd t cut-o!Ts or James e! ol ( 1994) for assessment of 

under-nutrition arnong eli ffercnt I mEan populations. Using . the overall prevalence 

ll1 was documented to be 40.64~/o. fhe prevalence of under-

nutrition \Vas slight!) higher the males (40.97%) than the Ccmales (40.14<Yo) (p>0.05) 

18 I\ C the present study 

vvith that reported ttl in Table 4.5. Using . Bose cl of. (2006a) 

reported -nutrition to he . 70°o an1on~' adult Santa! males from 

Odisha. \\as the individuals the 

present study. 13isai and Bose.· ) ru documented a h. aktlcc of CED based on 

UAC the fetnalc indi Kora-M unda population of 

West Bengal. 

It has llU\\ · ·d that the ·nation of B a more 

refined classification of CFD (Jame.'i et ul. 199t1: Ferro-[ .un.i and James 1996: Dorlencourt 

et o!., 2000: Ciartncr er of .. 2001: Nair e/ of... 2006: Chakraborty et u/.. 201 1). even though 

there may be \ariations in the Clll-otT points oi' fV]lJ/\(' due to geographical locations (Lloyd 

and Lederman. 200:2) licmcver. the di!Tcrences in the prevalence of CED based on these 2 

measurements l11D) have certain public health irnplicatious especially when the sample size is 

very larg.e. lhcrc[t.Jre. 11.itl1 limikd resources ~u1d \\tlh the absence ul' skilled rnanpmver. 



MUAC still seems (O be more appropriate to assess CED in populations, especially the 

developing countries such as India. The present study has observed the relative risk of low 

BMI with low MU.AC (18.5 kg/rn'J to be higher among the females (20.67%) as compared to 

the males (17.25%) (p> 0.05) (Table 3.19 and Figure 3.34). 

4.2.6. Prevalence vfovenveiglzt and obesi(r 

The anthropurnetric imlic~\lOl"S or !3fV1L ·. WHR. lHR. PBF were 

used to assess the 

(Table 3.20). The prcvak·ncc ur ll\ crweight and ohcsity \\~ts obsened to be higher among the 

In I 111i.l USing 

and 

el l: v 

). 

A high pre\ ~l 

from 

1 ( 

) than 

WHR (p<O.Ol), 

the WHO ( 1995) proposed 

j' 
1 

males (3Jl6(%) (p<O.O 1) (Table 

! 9'/): Uudeja e/ ul.. 2001; tsra 

2()()(): Masoodi er ul. 2010: et 

reported among the Marwari females 

(!'( ) :md North-east 

Jndia by Dudeja e/ ul (.2Ul!l ). Utliiziug the Nl !IS (l'J9R-i999) data. Bharati era/. (2007) 

reported lmvcr prevalence ul· u\t..:n\cight (CJ ) aml ubcsily (2.(J0lrJ) among Indian females. 

Venkatramana r!f of (200)1 in their stucl) ~ll1hllli--' the 1\.amma. the Kaikala and the Mala 

populations of 1\ndhre1 Pmdesh dunmlCIJ[cd clll increasin~ trend of obesity while comparing 

their results "ith thdl lli llt<:' L'drlier stud\ ur l\cddy ( 1998). The prevalence of 

mcrweight dillon~. lile Kclllltll<l \\,l~; \ u (males) l 2 ( l'ernales ). mnong the Kaikala it 



was 141% (males) and 9% (females) and rinally among the Mala it was 9% (males) and 8% 

females) (Venkatrarnana er of.. ~-005). All these values were well above the prevalence 

reported among the Rajbanshi in the present study. It \vas further concluded by 

Venkatrarnana e/ ul. (2005) that the combined prevalence of overvveight and obesity was 

igher among the l<amma (! R%) \Vhich \Vas higher in the socio-econornical scale than the 

Kaikala (l and lhc Mala )_ In the pn:scnt sludy. althuugh the majority .of the 

individuals belonged tu a kmer sucio-ecot1omic the combined 

vvere ( rnak: 3 a individ 

4.): utrition using jHUAC 

Rajbanshi individuals wiflz those reportedfl·om d[fferent Indian populations 

Population { 

lfajba nsll i 

Santa/ Puruli::L \\ t:st and 

/(ora J),fudi I. llldia 51.2 Bisai and Bose. 2009 

lleteroge11 eon\· Bose e/ ul .. 2007b 

Santa! JJ.7 e/ 2006a 

The prcvakncc of O\crnll d\Cl'\\ci~'hl and ubcsil\ based on Bl'v1l (>25 kg/rn2
) in the 

present study \\as alscl ubscnL·d to be im1n than rhusc rc.:purted I(Jr the Kashmiri population 

(23.69°AJ) by /argar l'! ui (:2000; ancl <i North !!1dian popuiatiotl ( 15.6%) by Misra et al. 

(2001). 13hadr~1 cf ul (200'\) l'i..::po!lcd a hi>-' mcrall pre\ alcm:e or obesity and overweight 

of 17.4 uli Hc'!l.'-.'<il:.>. llindu km<.tics ul' Kolkata. !udia. Very 



recently, m their smdy among adult indiviclw1\s belonging to the Kashmiri population, 

Masoodi ef u!. (201 0) documented the prevalence of ovenveight (Bl\11>23 kg/m2
) to be 

16.3% (males: 16.2%:. fcmaks: H>.4~~). lhey further documented the prevalence of obesity 

(BMl >25 kg/nf2
) to be 5.1 (mak:s: 6%: l'ernales: 2.9%) in the sa!lle population. 

The existing literature sho\vcd thi\l the prevalence of obesity was higher in the lower 

socio-economic group~; l!l the elop~.::cl coLu:lries when compared with that of the 

Stunkard. 19?;9: i'f u!., 1 .: ! et 

2007: WHO, :2003 ). lt i:; being ohscn ed 

rat<..· (n clil\ of the 

cxpenence velop~:.·d countries cl y 

pll) sical and 

\ 'l~ l\l 0\ ~:.T\\ Cl l!l 

2()()~: ,_,; o!.. I : Popkin l! ei 

2007). The Indian urbcil1 pupuidlillil is 110\\ \\iii)'. an increased prcv~llc:ncc of obesity when 

compared \\ith that or t ru:tl e~tUL'-; (C]tlj'inath . I : \'cnkdlramat1<1 ~md kcddy 2002~ 

Subramanian and ! t!/ 7: Suhr~unani:m c1 ol.. 2007} Although the 

prevalence of undcr-nutritiult rcnuined a majnr public health conccm in lndia lSWCS\Vara 

Rao e/ ul. l()<)(L 109:1: 

Bose et ul.. 2006a.b .. c hharctli d (d. 2007: Bisdi c!l1d Bu:-;c, 2009: Chakrubarly and Bharati. 

2010). Indian populatiuns h~t\L ,JJ\nvn incr,_·ascs ill the prn'aicncc ot·u,crwcight and obesity 

during th~: last t\\O decades (\;op~ilan. jlJ98: lh--; and Bose. 2006: Bharati e1 o/.,. 2007; 

Saclhukhan er 2007 

reported that the J>lc\ 



the female individuals comprising the economically better off segment of the population in 

urban India (Zargar el ul.. :2000: (lritTith and lkiltly 2001: Sidhu and Tatla. 2002: Misra et 

al .. 2001; Subramallian and Smirll. 2006: Subranunian e1 u! .. 2007: Mungreiphy and Kapoor, 

2010; Masoodi er u!. 20!0). 

It has been opined b) Os!llani and Sen (2003) that higher BMI is associated with an 

increased risk of chronic disc<is~::s during adulthuud. The uH~~isll'nce of um.\er-nulrition 

over-nutrition in this be atlrihuted to the consequences 

surrounding environment i.ltld sociu-cconumic status. can to 

an mcrease m the or t<10n--communicable diseases such as hypertension and 

diabetes (Hossain ct ). debated at higher the 

degenerative disorders (James 

et l) among 

ln tlOii-ccmml diseases during the ages. 

estern Paci 

International ih (!ASO) and lntcrnatiunal Obesity Task 

Force (IOTF) have Ih)\\ n ... 'CUt\liilCtlckd t1C\\ cut-offs for defining uvcr\-.cight (BMI 

) and (B 

indicated Llwt ut lhc hi • ,. 
l 

l 

l\i ) i\ -;ian popu 

m body COlnpuslllOll bet\\CCll llldi\idu<tiS ur All-icmL 

Hovvcvcr. several studies 

existed 

an and Caucasoid descent 

(Snehalatha er of.. 20U1: W<mg l'l u! .. 20\JJ ). So1ne studies han~ also questioned the validity 

of BMI as an indicator ui' !~tl:\c::;.~ bccau:,c it l<tckcd the specificity in terms uf variations in 

body composition and cl.:\:cts ui age. c;•:x ... ;u;d ethnic it: ( Norgan... J9C)4: Wagner and 

Heyward. 2000: lranketdcild L'i u/. 2001· Prcntic'-- and .k :200 l: Kyle t'f u/., 2003 ) .. 



4.2. 7. The assessment ofri!gi(}jwf adiposi~r 

Sexual dimorphism it1 hilC\ l'atnc~;s has inlportiJ!lt implications tor hoth clinical and 

epidemiological research in :tdip,)sity (Pacratakui cr ul, I ')09). The presence of higher body 

fatness among the females is a fundamental aspcc:t or se\.ual dimorphism in humans (Brown 

and Konner. I 987: Paerulakul c'/ 19'19). The present study has indicated that with the 

exception in HIVIL the llll.'ClL :~cLpcsit~ usi;:g Brvli. UFA. h5!< Flvl. FML PBF-BM[ ratio and 

WHtR was to kmales than the males (p<0.05) 

(Table 3.4). The t1lt·an ·t\ indic<tturs \\Crc ubscncd to be below than 

that reported from a iati,,tl !'rom \urth-c~tslcrn India e! a!. (200 l) and 

est Ucllgcd l. i he mean \alucs uf l!R. FFiVL Ul'v'IA, and 

results 

mean PBF-

0 . In 

·ju cl ul l) 

(2006 ). !ll 'posily indicators is 

to sexual dimorphism 

The \\ll R 1s COJhl ttl .. a , itldtcJlor l'ur the assessment 

accum ulatio ll factors 

heart disease (C'I lU) and ,llli\..'1 i\il!lts of ,:]uonic ilOJl-COillillllllicabk diseases (Valdez el u/., 

I ()9/L l<.cwr and Mogra. 2006: Ghosh and 

Bandyop~1ciii) :1_\ "0U7: l i ::\ k\ :! u! 20\!i-): ;\ilu::L-'reiph: cf ul.. 20 12). Using the suggested 

cut-uff val ucs ( 

the presellt stuch l'in:i! ohcsit\ to he higher among the 

r Fable'> .. 24 and 3.25). Usi 'v\'l!R. a high 



prevalence (42.39'~'(>) of regiurui adiposity was also reported among the Bengalee Hindu 

female individuals of Koikul~t Bhadru d ol C2005 ). i\'lasoodi et of. (20 1 0) reported the 

overall prevalence ol' abdotnitw! utKsitv arnunu. a Kashmiri oo'1:ntlation to be 9.5%. which was 
~ ~ I . 

significantly higher among !Lc !~·;tuics as cump;n"t:d tu the !Cmales (27.6% vs.l.8%: p<O.Ol). 

Venkatramana er u!. (200) 1 ub~<i"\·cd the prevalence of abdominal obesity to be low (3% to 

18%) among both sexes atnung tll<.' i<.anmliL tlK· kaika!a and the f'dala populations of Andhra 

Pradesh. ever. uti i/n't tilL' higher cut-oil:--; or 1 c111 fur the males and 0.85 em for the 

~.·r u! ( 2009) reported high levels of 

abdominal 

results of the 

ich vvith 

BMl and HR (iudices o!· intr,<t illcd l~tl li1c.1SS tulal bod\ J~tl) lS ·. It has been 

observed in tht.' \\ ith B and WHR 

and r 0 ) ( 1) 

(Table.Y 3.8 aud 3. \\ L'\ ,d am! the cut-olT points of 

>90 em for as n2C\ii1lli1Cndcd by 'vVHO (2000). The 

l prncilcncc or l. knlctlt.'S: 13. 7%) (Table 

3.20). A \CI"_\ Ill \\as rcporkd among adult 

Bengalce Hit1du k·ltl<dcs d::.:Jrct el c~l (200~). 111 ~~ l·ccclll study. Sarkar ct u/. (2009) 

docwnented a signi!lcantl> :,;~~il :c.·,,.-! (9C/1 !i) ui" :·,_·giumd iposity amung adults belonging to 

a Kayastha pupu!::tilln oi '\,, h iL;,~<d. ,\ \ c:·, lei\\ pre\ ~:knee oi· t·c~ional ctdipusity (rnales: 

1St 1 i'/ ul (:_'Ol\J) .. \llthcsc values \\ere distinctly 

( l 



Excess adiposity \\us <tS';,_·:;scd using the cut-ofrs ur PHF. as suggested by Pollock and 

Wilmore ( 1990). It has bcc·n r~.·put"ted by Deur::nberg el o!. ( 1991) that adult males and 

females having a 8M[ of j() kg11;' c.::.:hibitcd a body fat of 25°;() (for the males) and 30% (for 

the females). These cut-of! \aLiL'S have been successfully utilized by researchers to assess 

excess adiposity among di!F:i·cnl indian popuiatiuns ( Dudt.·j:t et ui.. 200 I: Bhadra eta! .. 2005; 

Das and Bose. 2006 ). It is from studv l prevalence of higher 

adiposity was 0. wnung the kmalcs ( 1.68?/o) than 

the males (O.:L l ( p<O.O'i 1 3.20 am/ Figure 3.35;. '.:Cess PBF. \Vhich is a measure 

\\L-'<.1 a 11 amo Hindu 

population(Bhadr~te/ . :2UO'i [Judcjad . (200l)also a very high prevalence of 

a 

l among the Marwari 

to those obtai i\1 

4.2.8. Percent r~lbur~rfatfic\\ to rislijiu·tors am/ fw,~r.fituess assessed usi11g percent 

ofbo~vfat 

and body 

an lllct"l cancer (WHO, 

1990: MauSUll Ci ul.. j()'J;;. s,'\C:!ctl studies lLl\l' l"l' ,_·d til~.· assuciation between body 

fatness and disL~~lSc: risk l~lc!u:·,; ith !~\Ill ;:l::ul\~'- Jiilcr,..:nt i ;di~lll pupulaticms (laaJstra ef ul., 

1993: Misra e/ o! .. :'001. !iJU_) ~1 ()(JcL B,lSL' ci u/ :20()\: :..l!wsh and Das Chaudhuri-. 2005; 

Ghosh er u!.. 20()6: Clhosi1 :tild , " >Opc:d ::\. 2 i li [:;iS been reported b) Durnin and 

Womersiey ( l : ,_T cu:d Ncnwn (2005) that body 



progress and nutritional stalus or ~t pupulatiun ~md are ultimately relevant to the specific event 

in which the individual c:~cds (Chatte1~jec l'l u/., 200CJ: \Vilmore and Costill, 1999). The 

observations in the present stud\ rel1ected lov\Cr l~1tness among the Rajbanshi individuals 

engaged in agriculture. 

Total body !~ttncs:; cts cktcrmined by PHF is cuil:-:idered to be a risk indicator of 

cardiovascular disease in cidullilutkL Sc~u:d dimorphism !rJ Ln patterns that appear to 

related to di tfercmial chan'c'cs ! '' compusitiun is rclkcted onset 

These findings ha\ l' i lth intpiicatiuilS g\\c'll t recent cv 

to ur L\ dtlci \llorhidil\ in adullhoud. in t'1e present study, gender 

differences fat distribution scale 

Nl·ltlt~u• (2\)():l ). 1 

of 

"'\'} 
.}~ ... ) ( ()\) 

and good ( t :'\.61 \ersus 

(Figure 3.40). I iuwever. l 1e ;'-'\ 

females: 

versus 16.35'10) 

I 

iU\\ females 

die l ness m !"air and good 

categories \Vcrc 1\Jumi (() lll sld!i ic<:!l1 sii}llik~llll (p 0 0! 1 (Table 3.26). \Vhen the age and 

sex specific hud\ illness iOIL lhe prC\alcncc of risky body 

was hi bu! h sexes. The increase of 

risky body ltlllt..'.-.;s :'atletT is .tilrihuted tht... ll1~ of PBF with the 

:•_:s hct\ L' reported the similar trends 

shc)\ving the ,Jccrcasin~· u!· i'i~i \\ith age ctll!Ut\g ~tcildts i11 dnctur•ing countries including 

India (Flegal e/ ui. 1998: IZuc;tlllil,d, :2004: Uus aile! 1 ,,'. :2\iCJ(J) 



4.2.9. l!-Jfect of the socio-ecoiiomic, di:nwgrapliic and lifes(rle-related variables on 

nutritional statu.'; 

The poor d~:_·mograpi:ic. .,,,c:iu-cconu;ui~:_· ~niL! en\ ironmen\al cdnclitions are related to 

under-nutrition. \\ hich is cL·trlicd ~ts l3Vll < i \ 5 kgim' (James e! of.. l lJ88; Ferro-Luzzi eta!., 

1992; James et ol.. 1994: \Vi lU. J9lJ5: l·ciTd l.u;Ji am\ James. 19%: Ahmed e/ a! .. 1998; 

l. 200:.:::. <,t;hrdillclllian ~1wl Smith. 2006: Subramanian et 

ciild Hku·uli. 2U i U). ln the present study, 

multinomial logistic regrec.siun :;n;d\sis \\::, lu assess the efkc1 of different soc1o-

econom1c. ) among 

the Rajbanshi m<dc 

to under-

Jl)'J7: Nubc er ul.. 1998; 

Ill 

the females ltcicnc\ ( l ~ \8.5 that 

most ol' Lhc!ll [,, lliiLcrak' scheduled caste and 

schedules tribe pupuiatiU!l:' \\ ith iu\\ slt~;Ll:i and ORC Macro, 

2000). The '!il sluch li<,<l tih.' 1':·,·\ <t H.:·.: (ll u ~T-nutritiun \vas higher 

amo \\he 11 ;_;u; lu 1: · l·.··; : i' ·0 iJ ) (To hie 3.15 and Figure 3.28). The 

., ~' 05: C).:'·, ! . i .2 l -1 4x: 1 U 0 l) .tml 40-49 years (odds: 

2.02: 9)<~;, Cl: I. i S-1.,~5: p il.U i: .:tih\1\~ U :.·ili,:ks. \lllm'(\ ,,r ul. ( l'Nx) reported that rural 

'c· J HiVll I x 5 kgitT1 2 compared 



with younger fernah:s ti·om HangL1cksh. K:.,b;r c! {/1. C200(J) reported that age had a negative 

impact on nutritional status dil10Ui' a dull in,: i' iduals of Hangblksh ( Kcthir et a!., 2006). 

Subramanian and Smith (100(;) su~'''-'-.l;.:d a positive u~-;ociation between nutrition and 

socio-economic status. Thi::-; is a charactcti::-;tic or the" early sLlgcs di. socio-economic and 

nutritional transiliuns m the dn -~·iuping \.'(iti:mi-.:s sucl1 <-ls lndi:.t. Th'--· results in the present 

study support thl' i~1ct :nu:·y -:ignil!c:t:tce among the tribal 

and rural populations Oi' indtlL :t:, OiJI t 1 (),j4) '-" :d Reddy ( 1998). This 

can be attributed to the counlr\ s 1l1ll11Citcl· pupul:t\ion si/e. soci;_H_'Conomic disparities 

care 

BMI vv·ere 

India 

('/ 

monthly income \\as 

!liCUil 

\ 
I· 

11-'l" 
\.._ l ~ 

health 

hi and 

. • 1 

c•pi:ig countnes sucn as 

.: SuiJ:·::manian el oi.. 2007; 

that 

pt\'\ :dcncc ul· C sexes 

among the Rajbcllishi individuaL-; (tables ,;._;,; 3.3.'i). !he c\-isoc::ttiun '-'\'ciS significantly 

three-fold ( odcb: \ : 95');; Cl: i :J:+-<i.98: 11 <J.i :) aLJ l\\o-Cold (odd-;: '.()3: 95% Cl: 1.04-

4.01 ~ p<O.O l ) aruung 

(Rs.4000/ - R s. (J0001 tl\u Hnc :ru (i ;;/;fe 3.35). :he result:-; that the 

odds values \Verc nwrL· th,iit ) .5 Li:1Kc- higk' ::1Lc>ng ti;e tlLtk 1 tvidcul'. belonging to lower 

(odds 1.73: 95'%Cl 0.97-:l OS: p 111 · · i-\ -; -f () 0 0 I J ell; d m i d d ; e 1.60: 95%C l 0. 92-

2.77: p>O.OS in IZsAOUOi 

individuals bdoH~·ing to lO\\ __ ·:;t t:u11ii. :!;u,:::c ~·.:uup had t'1e lv.\l'St mean BMI (19.1 

kg/m') and ihc i1ighest lc\l(: \H ~ i.!J (4(; '· •i- hi!c· th(i~C co::;pri> ;:~·. the highest rarnily 

mcomc group ( i ,() :: ,i ;:nd lu.\CSl idiC of('\!) (l0.2%). 



Similar conclusions were also made for adult slum dwellers of Kolkata (Chakraborty et ar, 

2009) and Malaysian adults (Azmi et al., 2009). The present study is also in agreement with 

other studies (Bose et a!., 2007a) with respect to the fact that the prevalence of CED was 

observed to be higher among the individual belonging to lower income groups (males: 

23.23%; females: 34.46%) than those in the higher income groups (males: 14.93%: females: 

14.77%) (Table 3.30 and 3.32). 

It has also been observed that the Rajbanshi individuals comprising the high 

expenditure category (>80% from income) were more susceptible to under-nutrition. 

(Tables 

middle 

groups. 

\vas in case of the males (odds: 1. 75; 95% 1 '. 

insignificantly among the females (odds: 1.55: 95% . 1 

aud longing to the lower and 

capita income groups showed higher risk factors to being 

higher monthly income and per-capita income 

the females constituted a significant double risk group 701-1400; 

odds: 2.21: 95°/(J Cl: I .22-3.99: p<0.01 ). It has been reported by Nube e/ ul. ( 1998) that per 

capita rncome and expenditure exhibited highly significant positive associations with BMl 

among adults lp<O.OO l) and that the cash expenditures \'.ere stronger correlated with adult 

the total expenditures. Therefore, monthly per capita income and high expenditure 

\\ tTc \ ery important in the assessment of under-riutrition among the Rajbanshi population. 

The multinomial logistic regression analysis indicated that occupation had a 

pronounced effect on the prevalence of under-nutrition among the Raj banshi individuals. The 

results suggested that the 'others' occupation category (odds: 1.19: 95% Cl 0.69-2.03 p>0.05) 

and ·cultivator· (odds: 1.00: reference group) among the males and ·cultivator· (odds: 1.12; 

9 CI 0.66-!.9:2: p>0.05) and labour (odds: 1.03:. 95% CI 0.55-1.94) among the females 



exhibited higher odds for under-nutrition. The heavy agricultural work of the Rajbanshi 

individuals required more daily energy among both sexes. As a consequence, the indi:viduais 

of the 'cultivator' group were more nutritionally vulnerable than the others. Gautam (2008) 

reported that the prevalence of CED was the highest (72%) among the different caste earning 

groups living as daily wage labourers in central India. In the present study, a significant 

proportion of the individuals (males: 19.9%~ females: 26.67%) belonging to the labourer 

groups were suffering from CED (Tables 3.30 and 3.32). Arlappa et al. 

the prevalence of CED \Vas higher among the agricultural and non-agricultural 

or among the Indian adults. Naidu and Rao ( 1 reported that the 

mean Bl'vH values \t./ere lower among the landless agricultural occupational groups m 

per mcome con1pared with the artisans and higher income 

groups m India. The wt:re more affected by under-nutrition as they had to perfom1 

and the household chores. Lukmanji ( 1992) had aptly 

described the rural female in as bearing the burden of a 'double day' 

in order to fulfill both their vvorking roles. Rao eJ a/. went on to report that in India, 

females engaged in (arming a similar domestic -vvork!oad as that of non-farming females. 

Barker el u/ (2006) obsen eel that the male and the female individuals from tan11ing 

ll\ · vvere thinner than those who were engaged in other occupations. They 

further stated that the temales engaged in fani1ing or agricultural-related work, spent more 

time !han their male counterparts and in addition also performed a majority of the household 

chores. A. study conducted in Ghana also showed that farming had a strong negative effect on 

female BI'v1l (Higgins and Alderman, 1997). 

The present study has also observed that land holding pattern had a significant effect 

un CFU. femc\lc indi\iduals bel()nging to the ·<2.5 acre· and ~>2.5 acre' land holding 
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categories showed almost similar odds values with respect to under-nutrition. It was 

concluded by Barker et a!. (2006) that the females belonging to larger land holding group 

were thinner than those who owned less land and that land holding patterns seemed to· have a 

negative effect on their BMI. It has also been documented that joint families were associated 

with adverse health outcomes in children and young females (Das Gupta, 1999, Bloom et al., 

200 l ). The present study has observed that female individuals belonging to the joint or 

extended families had a significantly lower odd value with CEO (odds: 0.56; 95% CI: 0.33-

0.95; p<O.OS) than those from the nuclear families. However. a higher odds value was found 

the belonging to the joint or extended families (odds: 1.26~ 95% CI: 0.83- 1.93; 

p>0.05) (Table 3.34). It was reported that in rural India. males and females belonging to the 

\Vere 

present study has 

under-nutrition m 

individuals ·ng to 

sexes 

nuclear families (Barker et al., 2006). The 

size appears to be a determinant factor for 

the Rajbanshi population. The odd values for the 

s1ze >7 members) showed significantly higher 

association among the males (odds: l.J 95% 2 ; p>O.OS). It been reported 

by Gautam and Thakur (2009) that family size had a significant impact on low BMI status 

among adults. 

[[ also been suggested that S appeared to an important determinant for 

under-nutrition in populations (Delpeuch et ol, 1994; Reddy. 1998: Ahmed el a!., 1998; 

Subramanian and Smith. 2006. Faruque eta/ .. 2006: Bharati el a/.. 2007: Subramanian et al .. 

2007: Bose et of .. 2009: Chakabarty and Bharati. 201 0). The SES of the individuals in the 

present study was n aluatccl u.c;ing the modified scale of Kuppus\.vami (Mishra and Singh, 

2003: Kumar el ol.. 2007). The results reported a 3-times higher odds value (odds: 3.35; 95% 

CI 1.39-8.06:. 0 l) associated with under-nutrition among the female Rajbanshi 
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individuals belonging to a lower SES. This indicated that the females of the lower SES were 

significantly at risk to suffer from under-nutrition (Table 3.35). A study from Bangladesh 

showed that better-off females were observed to have 0. 77 times lower odds to be affected by 

CEO when compared with the females from poor households (Ahmed et al.. · 1998). 

Furthermore, the odds value in the present study was also higher among the male individuals 

belonging to a lower SES (odds: 1.42: 95% Cl 0.96-2.09: p>0.05). Studies have reported that 

the mean BMI values were higher among individuals belonging to a higher SES than a lower 

SES (Reddy 1998: Faruque et al., 2006; Subramanian et al.. 2007). Subramanian and Smith 

s an el reported clear SES 

nutritional status among.r females of low socio-econoiTtic positions in India. The pattern found - . -

1n was also consistent ( 1 et 

which showed similar associations between SES and under-nutrition. 

study the standard of living conditions using 

and living ll been reported er a!. ( 1998) adult BMI was 

considered to be a useful indicator for the standard of living. Chakraborty et a!. (2009) 

reported that the prevalence of CEO was significantly higher in the bamboo-fenced houses 

(i.e .. non-hricked) the adult slum dwellers of Kolkata. in the present study. higher 

proportions of the adult mdividuals (males: .19%: females: 29.63%) having non-bricked 

house type were suffering fl·om under-nutrition (Table 3.30 and 3.32). Those indiyiduals 

belonging to low to medium household living conditions exhibited significantly higher odds 

for the males (odds: 1.7: 9) 0<) Cl: 1.1-2.6) and the females (odds: 1.74: 95~~) CI: 1.09-2.8) to 

be undernourished (e.g .. with CF'D) than those hom the higher living condition category 

(p<0.05). The results of logistic regression analysis further indicated that the odds value for 

indi\iduals li\ i11g in non-bricked houses were higher among the males (odds: 1.48: 95{Yo CI 



1.12-3.01; p>0.05) and the females (odds: 2.16; 95% Cl: 1.18-3.95: p<0.05) (Tables 3.34 and 

3.35). The results further suggested that the Rajbanshi individuals having 'no toilet facility' 

had significantly higher odds values among the males (odds: 1.63; 95% Cl: 1.08-2.45; 

p<0.05) and the females (odds: 1.61; 95% CI: 1.02-2.54; p<0.05) (Table 3.34 and 3.35). 

Hence. house type. living conditions and toilet facilities play a significant role in the 

prevalence of under-nutrition. 

it had been suggested that there was a negative relationship between a female's higher 

level of education and the proportion of undernourished females (Berdasco. 1994; Ahmed et 

.. 1998: and 2000). Bharati et a!. (2007) also repOJied that education . 

especially among females. \,vas one of the regulatory factors enhancing the awareness of 

m nutritional status of females went together with 

the enhancement their educational status and standard living. In the present study. 

of was in the ·illiterate' education category 24.04%: 

females: ) (Tables 3.30 and 3.32). It was also observed that Rajbanshi individuals 

comprising the 'illiterate' education category were more susceptible to under-nutrition g.. 

CED) than those of the higher educational levels. The odd values V\iere documented to be 

higher among both the males (odds: 1.23; 95% CJ: 0.74-2.07; p>O.OS) and the females (odds: 

!.3 . Cl: 0.85 p>O.OS) (Tables 3.34 and 3.35). Bose ef al. (2009) reported 

significantly higher rates of CED (p< 0.001) associated with mdividuals having 'no formal 

education· among Bengalee males and females. Berdasco ( 1994) reported that the lower 

educational levels Vvere directly related to higher percentages of CED among Cuban female 

individuals. A similar study sbcl\ved that rural females vvho received one or more years of 

formal education \vere nearly half as likely to suffer from CED as those with no schooling in 

Bangladesh (Ahmed el of .. 1998). 
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4.2.1 0. 1'-l.fect of socio-economic, demographic and lifestyle-related variables on 

overweight and obesity 

Overweight and obesity continues is considered to be serious chronic conditions that 

contribute to numerous preventable non-communicable diseases such as hypertension and 

diabetes. During the last few decades, obesity has been increasing at an alarming rate .in both 

the developed and developing nations (Popkin, 200 l, 2002~ York et a!.. 2004; Tur et al., 

2005; Hossain et ol. 2007). The development of obesity is usually attributed to genetic 

predisposition. although the development of epidemics among populations around the world 

suggested that environmental risk factors were also some of the promoting variables (Tur et 

2005). A number biologicaL demographic, socio-cultural and behavioural factors are 

\A.' I are 

influencing body fatness are demographic , sex and 

genetic background 

status number children) and behavioural (e.g., dietary habit, 

smoking habit and physical acti (Seidell and Flegal, !997). These are 

the most factors of unemployment long term physiological 

and socio-economic stress .. smoking during pregnancy and television watching et 

Rosmond. 2004; Tur e! a!., 2005). 

It has also been suggested that individuals from both the developed and developing 

countries consume more quantities of high energy foods and have less physical activity. This 

has resulted in a substantial increase in the number of overweight and obese individuals 

(WHO. 2002). ft has been also observed that susceptible individuals were often exposed to a 

!if~style characterized by less physical activity, an abundant availability of energy dense. high 

l~tl and palatable J(xKis and inappropriate mea! patterns (WHO, 2000). A revievv 
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different cross-sectional studies that focused on effect of socio-economic status with obesity 

showed that obesity was a health problem mostly among individuals of the higher socio

economic groups in the developed countries and also remained the highest among the lower 

socio-economic groups (Sobal and Stunkard, 1989). However, the picture has changed 

radically during the past two decades as the rates of obesity have tripled in the developing 

countries (Hossain er of. 2007). Data from the developing countries suggested that the shift 

in the incidence of obesity was more towards the poorer groups and tended to be greater 

among the females than the males (Subramanian and Smith, 2006; Monteiro et a/ .. 2007; 

Subramanian et uL 2007). A substantial amount of studies have been shown a positive effect 

of S on weight gain. overweight and obesity among the adult populations the 

developed and the developing countries ( Grol et 1997; Griffiths and Bentiey, 2001; 

; Subramanian and Smith. 2006; Bharati e/ 2007; Shafique et a!.. 

2007: Subramanian ct a/. 2007) 

prevalence ovenveight and excessive thinness have also been simultaneously 

reported among the populations from India BraziL China and Russia, countries that constitute 

the 4 largest econornically developed nations (Kapoor and Anand. 2002). Ail these nations 

had presented several levels of transitions in health. economy. demography, society and 

environment. economic transition has effect on all segments of the population and 

was likely be the strongest factor involved in the rise of overweight and obesity. Of course, 

there were specific bctors that differed from one region or nation to another. Using WHtR, 

the present study has reported significant lo~ver odd values the females belonging to the 

·cultivator' (odds: 0 33: 95% Cl 0.17-0.61; p<O.Ol) and ·tabour' (odds: 0.38; 95% CI 0.19-

0.74: p<O.O 1) occupational groups when compared to the 'housewife' category (p<O.O I) 

(Table 3.35). In the developing countries such as India. lower education levels may be 
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associated with high unemployment or low paid jobs that are labour extensive. It has been 

postulated that in the countries in transition, less educated individuals people were engaged in 

labour intensive occupations and those having higher education exhibited a more sedentary 

lifestyle (Shukla eta!.. 2002; Tur eta!., 2005). 

The present study has explored the effects of different related factors with the 

prevalence ovenveight and obesity utilizing two regional adiposity indices (WHR and 

WHtR). The was not taken into consideration because of the prevalence of a lower level 

(4.63%) of central adiposity (BMI ::::25 kg/m2
) than the regional adiposity (56. 76% and 

usmg Rajbm1shi i 

s 

\Vere to establish the culturaL environmentaL econormc. educational factors 

mvo !ll populations concerned (Martinez cr at. 1999). The independent effects of 

S on reported adults el a!. 

Subramanian Smith (2006) highlighted that the higher prevalence overweight 

among higher socio-economic groups could be partially explained by the possible indifferent 

body composition among the younger adults, and socio-economic status was positively 

to being pre-overvveighL overweight and obese among the individuals. It has also 

been observed that the consumption energy from fats was significantly more in the higher 

income groups (32%) as compared with the lo\ver income groups ( 17%) (Shetty, 2002). Grol 

et of. ( 1997) reporied that the comparison to women of higher SES. the low-er SES women 

have a two to three tirnes higher risk of regional adiposity (e.g., WHR or WC) exceeding the 

cut-off points. 

A multinomial logistic regression analysis was performed to assess the risk factors 

as..,ociated \\ith higher lewls of adiposit\ amonr-r the Rajbanshi individuals. Several socio-
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economrc, demographic and lifestyle-related· factors were significantly associated with 

regional adiposity m both sexes (Tables 3.34 and 3.35). The odds in the 'labour', -~3 

dependent children·, 'joint or extended family', ·married' and 'non-bricked house type' 

categories were significantly associated with higher levels of adiposity assessed using WHR 

(p<0.05). Significant associations in respect to the odd values were also observed in 

'married'. 'lower socio-economic'. 'high monthly income' and 'high expenditure' categories 

among male Rajbanshi individuals using WHtR. A higher educational level has been 

associated with healthier dietary pattern and a decrease the prevalence of obesity (Rasheed, 

1998). Bharati et a!. (2007) had observed that female occupation and education status had 

to !11 that odds 

were associated (' il 

to ) among both sexes. Studies also reported that education had an inverse 

vvith weight prevalence of obesity (Martinez et oL 1999; Machado and 

Sich1eri. Gutierrez-Fisac e! · Olinto e/ 2006). Shafique et of. (2007) 

rural females at 14 years ofeducation showed an 8.1 fold increased 

risk of being overweight as compared with non-educated vvomen in Bangladesh. In the 

present study. utilizing \\'HR and WHtR, the odds of being overweight and obese were 

significantly higher among the females belonging to the ·illiterate' (odds: 2.54; 95% Cl: 1.3-

5; p<O.Ol) and ·upto primary' (odds: 1.85:95% CI: 1.08-3.17: 5) categories. An 

mcrease 111 the prevalence of obesity was observed as the level of education decreased. 

Recently Azmi er of. (2009) reported that the prevalence of higher adiposity (e.g., 

overweight) \Vas the highest for those individuals with primary education. Utilizing WHtR, it 

has been reported that lower prevalence of regional adiposity existed among the adult females 

with >12 years of education (odds: 0.63: 95% Cl: 0.47-0.85) (de Sousa e/ a!., 2011). A 

sirnilar study \Vith regard to education among the Korean fernales showed significantly 
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decreased odds with inverse trends for abdominal obesity across all education levels (Yoon et 

a! .. 2006). A higher proportion of the individuals belonging to the 'upto primary' education 

showed higher adiposity using WHR in the present study. There was a significant inverse 

association between the WHR and educational level among middle-aged females living in 

northern Italy (p<O.OO 1) (Cota et a!., 2001 ). A significant lower prevalence towards obesity 

was associated with higher educational levels among adult female individuals in Jamaica 

(Ichinohe e! a! .. 2005). This has been attributed to the fact that education had a direct effect 

particularly among those individuals with lower levels of education, since the poorly 

educated have been shown to have a less healthy diet and a greater prevalence of overweight 

(Woo, 1998; Mokhtar et ct!., 200 l; Machado and Sichieri, 2002). 

1 t 

belonging to the mcmne groups (>Rs.4000/c and Rs.4000-6000/~) exhibited 

: 0.1 56 odds: 

to ovenveight and obese than those belonging to the higher income group 

(<Rs.6000) (p<O.Ol) (Table 3.35). lt was also reported using WI-HR that a lower prevalence 

regional adiposity existed among the female individuals with higher income (odds: 0.64: 

CI: 0.47 .. 0.86) among adult population from Florian6polis. Santa Catarina (Sousa eta!., 

ll ). Among Brazilian mcome was associated with abdominal obesity 

(Oiinto et ul. 2006). A similar result was also obtained in the per capita income group, where 

the odds v,ere signiticantly lower in the lower per-capita income groups (p<O.O 1 ). 

Subramanian et ol. (2007) suggested that the average levels of economic development 

were strongly associated with degrees of over-nutrition (overweight and obesity) among 

married Indian females. The results of the logistic regression model in the present study also 

showed that marital status had a significantly higher odds effect for the manifestation of 
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overweight and obesity utilizing both WHR (odds: 2.44; 95% CI: 1.53-3.27 and odds: 1.58; 

95% CI: 0.91-2.77) and WHtR (odds: 2.01; 95% CI: 1.12-3.62 and odds: 2.01; 95% CI: 1.19-

3 .40) among the married males and females respectively (Tables 3.34 and 3.35). Similar 

associations were reported by Tur et a!. (2005) and Jeffery and Rick (2002) in the adiposity 

levels among adults, but all these researchers had utilized BMI. Rguibi and Belahsen (2004) 

reported that the prevalence of obesity was significantly higher among the married females 

when compared vvitb the unmarried females of South Morocco. Utilizing the regional 

adiposity indicators. it has also been observed in the present study that the married 

individuals Vlere more likely to fi.:dl in a double risk factor category for obesity when 

ones. 

DJE1>1RY llVTAKJ:' ASSE.\'S/l1ENTAND FOOD AND NUTRIENT CONSUMP110N 

/ilHONG RAJBANSHI !NDIVJIJUALS 

a !S l many These are mcome, cost 

indi beliefs and cultural traditions as as 

environmentaL social and economic h1ctors. Furthermore. the consumption patterns related to 

the dietary consumption in India is diverse in nature. These vary from region to region and 

populations to population groups in the Indian subcontinents. these interact in a 

cnm rnanner to shape the d. consumption a population. in world food 

consumption has been accompanied by significant structural changes and a shift in diet away 

tl·om staple f()ods such as root and tubers towards more livestock products. vegetables and 

oil. This shift has been more prominent in the developing countries such as India. Current 

energy intakes have ranged f'rom 2681 Kcal per capita per day in the developing countries to 

:2906 kcal per capita per day in the transitional countries and 3380 kcal per capita per cia) in 

the industrialized countries. 
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The result of the dietary assessment among the adult Rajbanshi individuals was 

evaluated using the 24-HR method. It may be appended here that a number of studies have 

utilized the 24-HR method to report the dietary patterns of Indian populations (Shobana et al., 

1998; Mehta and Shringarpure, 2000; Reddy and Rao, 2000; Goyal and Grewal, 2004; 

Arlappa et ul., 2005; Mittal and Srivastava, 2006; Gupta et al .. 2010: Bowen et al., 2011; 

Radhika et ul .. 20 l I; Venkaiah et a!"' 20 ll ). The assessment of nutritional status was 

evaluated in terms of both food and nutrient consumption by comparing recommended 

dietary allowance (RDA) suggested for Indian population (lCMR. 2004) (Tables 2.7 and 

2.8). It ·was observed in the present study that the consumption of major food groups was 

found to be deficient among sexes in Rajbanshis (Table 3.36 and Table 7). 

4. !. Comparative d[lferent groups 

populations 

of higher amount of 

and nutrient among the adult Raj individuals 

the present study. could be attributed mainly to the inadequate dietary intake, lower 

SES. lo'vv purchasing povver and faulty feeding habits. In India. a large proportion of the 

ions residing in the rural areas exhibit lower SES and social backwardness, apart from 

access to inadequate inh'astructural facilities and experiencing lack basic amenities. 

The consumption of different food groups was compared with the RDA as suggested 

for Indian population for the assessment of nutritional status by the ICMR. The results 

showed that the consumption of other cereals (in women). vegetables. roots and tubers were 

found to be satisfactory when cmnpared with the RDA values (ICMR, 2004) (Table 3.36 and 

Fir;:ure .5.44). Hm\e,cr. the se:\ specific consumption was found to be inadequate in the 

di fkrt'llt food groups (pulses and legumes. G LV s. milk and milk products. meat and Jlesh. 
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fats and oil and sugar) in both sexes when compared with the RDA values (Table 3.36 and 

Figure 3.44) .. The sex differences in the consumption of these different food groups was not 

significant using ANOVA (p>0.05), except in the consumption of cereals (p<0.05). The 

existing literature suggested that most of the diets were predominantly cereal-based among 

different Indian ethnic tribal and non-tribal rural populations. 

The dietary habit of the Raibanshi population was observed to be chiefly cereal-based. 

Ho"vever, the mean consumption of cereals was lower than those reported 

conducted among different Indian ethnic population such as the Oraon (Chandrasekhar et 

(Hanumantha Rao el al.. 1992), the Janu 

(Hanumantha Rao et al.. !993). the scheduled caste population of Assam (Borooah 

e! slightly higher than those reported 

consumption a 

providing a nutritious A fruits and vegetables in of the 

developing countries is a persistent problem. This has been confirmed by the finding of 

number of food consumption surveys. A Nationally representative survey in India (NFHS-2) 

that there \vas a steady consumption of only 120-140 gm per capita per clay fl·om 

vegetables, with about another l 00 gm per capita commg roots and and some 

gm per capita from pulses. 

The present study revealed that the consumption of root and tubers among the 

Rajbanshi population \Vas double than the RDA as specified by the !CMR and that root and 

tubers occupied a dominant plac(: after rice in their dietary habits. This is probably due to the 

abundance of such food items in locally gnFvn fields. On an average. the Rajbanshi 

indi\iduals consumed a hi2J1 number of food seninEs of cost effective l~)(id items such as 
- 0 
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potatoes, arum and GL V s which were grown in local agricultural fields and very occasionally 

also collected fishes from the nearby rivers. The consumption of pulses was found to be 

slightly higher than the reported levels in NHFS-2, but the dietary intake was less than half of 

the RDA (ICMR, 2004). The results of the present study suggested that only 12.25% of the 

Rajbanshi individuals (males: 16.34%; females: 8.05%) met the adequate levels of dietary 

requirements as specified by the ICMR (2004) (Table 3.37). There appears to be an increase 

in the consumption of roots, tubers and other vegetables in their diet. This may be due to the 

sufficient availability of these foods in the area. However, the consumption of pulses and 

legumes decreased and this can be attributed to their rising costs. Dietary intake assessment 

of roots were and 

to many and bal ef 

: Rao ct of.. 20 lO ). HoweveL lower intakes of roots and tubers were reported a 

number studies. this case, the studies Borooah and Dutta (2006) among the scheduled 

caste 1\!littal and Srivastava (2006) among the that of 

e! of. among the Baiga are mentionable. The mean consumption in almost all 

these studies was observed to be lower than that of the Rajbanshi in the present study. 

The results in the present study further suggested that the consumption of milk and 

milk products \Vas inadequate and the consumption was found to be below the RDA 

levels (ICMR, 2004) (Figure 3.44). The results thus were in agreement with those reported 

from various Indian tribal and rural populations. Here the studies of Mitta! and Srivastava 

(2006). Chakma et a!. (2009) and Rao et al. (20 1 0) may be cited. Very few of the adult 

Rajbanshi individuals were able to achieve adequate levels of the RDA for milk and milk 

products and only a small segment (males: 1.31%: females: 14. 77S1o) preferred to consume 

milk during family dinners and morning meals (Table 3.3 7). Those families who have 
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domesticated cows in their residences frequently consumed milk. The RDA values obtained 

in the present study were observed to be higher than those reported in the studies of Mittal 

and Srivastava (2006), Chakma et al. (2009), Rao et al. (20 I 0). However, the values were 

lower than those reported in the studies of Kumar et a!. (2005), Borooah and Dutta (2006) 

and Rao eta!. (20 1 0). 

Pulses (legumes. lentil and green gram) and flesh foods (meat and poultry) are 

generally considered to be a good source dietary protein. However, the consumption 

of flesh foods was observed to be inadequate among the Rajbanshi individuals when 

to RDA MR. ~ L' 
U! foods was observed to 

be almost negligible. The them were plant 

sex protein was to be slightly among 

the the females 05) (Table 3.38). assessment 

diet whi and vvere found to be 

vvhen compared th the RDA. Reddy and Rao (2000) have reported poor protein-

rich diet that included pulse. legumes and flesh food among the Sugali population Andhra 

Pradesh. Similar results were reported among the Oraon North Bengal 

Srivastava the scheduled caste population of Assam Borooah and 

the Baiga of Madhya Pradesh by Chakma et al. (2009) and various other rural and tribal 

populations by Rao eta!. (20 l 0). The mean consumption of pulses and legumes in the present 

study vvas noticed to be almost half of the RDA (Figure 3.44). However, the mean intake of 

pulses and legumes were observed to be higher than those reported from similar studies. Here 

the studies among the Baiga by Chakma et ol. (2004), Gujrati by Kumar eta!. (2005). Oraon 

by Jvlittal and Sri\'astava (2006) are mentionable. But again the mean values were lower than 
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those reported among the Sugali by Reddy and Rao (2000) and the scheduled caste 

population of Assam by Borooah and Dutta (2006). This inadequacy could be attributed to 

the lower purchasing ability and affordability of the individual, including those belonging to 

the Rajanshi population in the present study. 

The consumption of protective food (fruits and GL Vs) was observed to be markedly 

inadequate when compared to the RDA among the Rajbanshis (Table 3.36 and Figure 3.44). 

Fruit consumption was almost negligible in their dietary habits and it was only observed 

during the summer season. A majority of the individuals did not consume adequate amounts 

assessment studies reported inadequate levels of fruit 

consumption as compared to the RDA among a number of Indian ethnic populations. Here 

2000). the Gujrati (Kumar et . 2005). the 

2006 ). the scheduled caste population Assmn (Borooah and 

e! may be The mean intake of 

was than that reported mnong Sugali by Reddy and Rao (2000) and different 

tribal populations by Rao e! of. (2010). Lower intakes of GLVs were reported among the 

Oraon of Norih Bengal by Mittal and Srivastava (2006) and the Raika of Rajasthan by Singh 

et (2009), Inadequate levels of GLVs as compared with the RDA, as specified by the 

!VIR ( were also e! among rati by Chakma et 

al (2009) among the Baiga, However. Borroah and Dutta (2006) reported a higher amount of 

GLV consumption among a scheduled caste population of Assam. 

The consumption of sugar was also observed to be inadequate when compared to the 

RDA (Table 3.36 and Figure 3.44). Existing studies have revealed that sugar consumption of 

sugar \Vas higher among individuals belonging to the high income families as compared to 

those ti·om the lm\ cr income l~1111ilies. Almost negligible mean sugar consumption has been 
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reported among the Sugali (Reddy and Rao, 20 I 0), the Gujrati (Kumar et al., 2005), the 

Oraon (Mittal and Srivastava, 2006), the Baiga (Chakma et al., 2009) and some rural tribal 

populations of the country (Rao eta!., 201 0). However, Borooah and Dutta (2006) reported 

higher sugar consumption among the scheduled caste population of Assam. 

4.3.2. Comparative evaluation of d(fferent nutrient among different Indian populations 

The consideration of nutrient requirements and availability from the diet bears more 

significance than an individuals' food because of the interactions between food consumption 

and absorption. The sex specific consumption of different nutrients among the Rajbanshi 

individuals in the present study was evaluated using the dietary assessment tables given in 

of1ndian Foods· for Indian populations by Gopalan et al. ( 1993). The results 

mean of protein and carbohydrate intakes were lovver than that 

RD.'\. The mean fat intake \Vas adequate and the dietary fat consumption pattern was 

balanced and mean intake did not exceed the RDA (Table 3.38). The dietary intake 

results revealed that the diet of Rajbanshi individuals was monotonous and chiefly based 

on cereals. Most the dietary intake studies in India have reported the major source of 

energy to be cereal-based (Gopalan e/ u/.. !993: Reddy and Rao, 2000: Kumar eta!., 2005; 

Borooah and Dutta, Mittal Srivastava, 2006: Harinarayan el , 2007; Chakma el 

a!.. 2009; Singh et al., 2009 Rao et ol., 201 0). 

When cornparecl to the RDA. the consumptions of major nutrients were observed to 

be inadequate arnong the Rajhanshi individuals. The sex specific mean consumptions of 

dietary fat. thiamin and niacin were observed to be adequate, but the consumptions of energy, 

protein. calcium. iron. vitamin-A. riboflavin and vitamin-C were inadequate (Figure 3.46). A 

sex specific consumption pattern cxi.sted among these different nutrients. The differences 

\VCJ'C StatislicaJI\ signilicant in case 01' . fat. iron and thiamin consumptions (p<0.()5). 
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However, the differences were not statistically significant in case of proteins, calcium, 

vitamin-A, riboflavin, niacin and vitamin-C (p>0.05) (Table 3.38). The overaii mean 

consumption of dietary fat showed an adequate level of the RDA. The distributions of 

individual levels of energy and protein consumptions were observed to be unsatisfactory 

among both sexes and very few of them were able to achieve the adequate level of 

consumption when compared with the RDA (Figure 3.46). The results of the present study 

appears to be in conformity with similar studies done among different Indian rural and tribal 

populations (Reddy and Rao, 2000; Kumar et al., 2005; Harinarayan et a! .. 2007; Borooah 

and 2006: 

. 201 

The results of present study 

85.91 

\v·ere \\! (Table 

Chakma el . 2009: · el ul., Rao et 

. 1 Raj bans hi males suggested that 

adequate ( l 00%) total fat intake that 

was an or adequate m 

intake products, vegetables. root and tubers. total fat and protein among the females 

when compared with the males (p>0.05). Moreover. the main protein sources in the diet of 

the Rajbanshi were fish. meat. poultry and milk and milk products and all these were 

markedly inadequate (Figure 3.44). The mean consumption was observed to be lower among 

both sexes although it exceeded the recommendations f!..1r consumption of total fat. The mean 

consumption of fat was found to be lower than reported values from a population of north 

India (Chadha et ul .. \995 ), the scheduled caste population of Assam (Borooah and Dutta, 

2006) and the Oraon ofNorth Bengal (Mittal and Srivastava. 2006). 

The analysis of tbe dietary intake data showed that the proportions of macronutrient 

intakes among the Rajbanshi individuals were widely inadequate as compared with the RDA. 

The stud\ revealed that the consumption of iron and ium were observed to be markedly 
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inadequate among them (Figure 3.46). The sex specific mean consumptions of both these 

essential elements were distinctly lower than the RDA. The mean consumption in iron was 

49.93% of the RDA among the males and 38.93% of the RDA among the females. For 

calcium the corresponding values were 84.51% for the males and 81.99% for the females. 

The results clearly indicate that for iron and calcium, the sex specific consumption pattern 

was higher among the males when compared to the females. The sex difference was" 

howevec statistically significant for iron (p<O.OS) but not for calcium (Table 

The higher consumption of cereals could be a leading cause for the low intake of iron 

calcium among the Rajbanshi. The inadequate consumption of dietary calcium among 

could also be attributed to consumptions Gl __ 

been that the intake of these were 

animal sources of protein vvere also consumed at a weekly or fortnightly basis and there were 

no other sources of in their It bas been reported by Harinarayan et (2004) 

that cereal-based \'vere unlikely to provide enough calcium in the et unless 

of mllk milk ucts were consumed. It has also been opined individuals 

having a background diet high in phytates also inhibited the absorption of these dements 

(Gopalan et ul .. \996; ICMR, 2000). In India, there has been a strong indication of a high 

ratio the rural diet that in turn retarded calcium absorption (Harinarayan et 

a!.. 2004 ). The poor intake of calcll!m among the Rajbanshi individuals in lhe present study 

could lead to an increase in the risk of fractures, especially among post-menopausal females 

and the elderly. This can be further rectified to a greater degree with calcium 

supplementation. The shortcoming of the inadequate dietary calcium intake associated with 

the reduced bioavailability of calcium in the gut due to phy1ates and age-related calcium 

conservation on the gut can be overcome by up-revising the RDA for calcium restricting 

pbytate !c)ods. The mean dietary intake of different nutrients indicates thnt dietary 



consumption chiefly encompasses cereals, roots and tubers and other vegetables products. It 

has been also been pointed out that the RDA values for calcium intake among Indian 

populations as recommended by the ICMR (2004) were lower than the recently revised 

recommendations by the United States of America and Canada (Swaminathan, 1981; Gopalan 

et of.. 1996). An inadequate intake of dietary iron, its poor bio-availability and concurrent 

inadequate intake of dietary micronutrients appear to be the primary factors responsible for 

the high prevalence iron deficiency m the present population. Studies have indicated that a 

significant proportion of individuals suffered from dietary iron deficiencies in India (Kumar 

et a!., 2005:. Singh et a!.. 2009). This deficiency can lead to the manifestation of ·anemia 

ich becomes more marked among the females (Chakma et al., 2009; Singh eta/., 2009). 

was 

Rajbanshi population when compared to the 

3. individuals exhibited adequate 

consumption. The deficiencies in nutrients in the diet could be attributed to the low 

consumption of milk and milk products. GL Vs and fruits. It has already been shown that the 

diet of these Rajhanshi individuals were predominantly cereal-based with rice constituting 

their staple diets. Vitamin-A is considered to be an important micronutrient for maintaining 

iteration and "llerentiation. controlli development, 

and maintaining visual and reproductive functions. National diet surveys have shown that the 

intake of vitamin-A was significantly lower than the RDA in all populations over decades and 

that there has not been hardly any improvement in its intake (NNMB. 1979-2002). 

Deficiency in vitamin-A and riboflavin consumptions were also reported among the Maria 

Gond ( Hanumantl1a Rao ef u/. 1 992). the Jenu Kuruba (Hanumantha Rao et al. 1993). the 

Oraon ( Chandrasekhar et of.. 1997: !Vlittal and Srivastava, 2006) and the Baiga (Chakma et 
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a!., 2009). The lower levels of vitamin-A and thiamin in a population have been attributed to 

a lower intake of GLVs and negligible amount of milk in their dietary habits (Hanurnantha 

Rao eta!. 1993). Lower levels of vitamin and calcium consumption were also reported from 

both rural and urban Indian populations by Harinarayan el a!. (2004 ). 

The sex specific consumption of thiamin and macm was observed to be adequate 

when compared with the RDA (ICMR, 2004) (Figure 3.46). The Rajbanshi male individuals 

exhibited higher levels of thee two nutrients than the females (p>O.OS). When compared with 

the RDA. the mean consumption was found to be !00.71% and 113.64% (in case ofthiamin) 

and l32.44% and 164.57% · case niacin) among male Rajbanshi 

mdividuals respectively (Table 3.39). The adequacy m these two nutrients is due to 

in the y is 

considered to good source and helps the individuals to achieve adequate levels of 

an el 7). The comparison mean consumption of thiarnin 

reported the rural and tribal population of India (Rao e! a!.. 20 l 0), the Baiga (Chakma et 

). lmver than those reported for the Sugall (Reddy and Rao, 2000), the Gujrati 

(Kumar e! ul. :2005) and the scheduled caste population of Assam (Borooah and Dutta, 

2006). 

4.3.3. Gender related nutritional status, diet and nutrient consumption 

ln the developing countries. there is considerable number of evidence indicating the 

prevalence of under-nutrition is a primary concern among the poor while over-nutrition is a 

problem of vvealthy individuals (Subramanian and Smith. 2006). The assessment of 

nutritional status revealed that the prevalence of under-nutrition was documented to be very 

high in both sexes among the Rajbanshi and that the prevalence of CED \vas observed to be 



higher among the females than the males (p>0.05) (Table 3.15 and Figure 3.28). Also the 

consumptions of food, nutrients, dietary preferences and food habits among them showed a 

gender specific pattern. Osmani and Sen (2003) reported the gender inequality contributes to 

the inter-generational transmission of poor health through poor intrauterine and early life 

exposure. The existing literature has suggested that the relations between different factors and 

low energy reporting have been mixed. Studies have observed low energy reporting to be 

more common among the adult females than the males in both mean food and 

consumptions (Reddy and Rao, 2000; Agudo et al.. 2002: Rajeshwari e! a!.. 2004:, 

a!.. 2009; Sudo er al.. 2009). 

Utilizing of it 

was observed situation warranted immediate intervention. The food preferences were 

Rajbanshi i during meals (food 

distinctly showed a gender related consumption pattern of 

nutrients among them. In most cases. the consumption of foods was found to be significantly 

higher among the males than the females. The consumption of higher foods and nutrients 

among the males vvere due to the intake of higher quantities of food and food preference. not 

to any other specific dietary . A decreasing proportion of food and nutrient consumption 

were also observed among the females when compared with the males. The high level of 

physical activity agricultural field-related activities and poor achievements related to the 

RDA level led a higher prevalence of under-nutrition in both sexes especially among the 

female Rajbanshi individuals. This would affect the female individuals in the long run. It has 

been reported that female individuals suffering from poor health and under-nutrition were 

more likelv to give births to infants with LBW (Shannon el ul.. 2008: l'vluthavva. 2009: Sene! 
o' ,· "'.., 



a!.. 201 Ob ). They are less likely to be able to provide food and adequate care for their 

children. Finally, a female's health can affect the household's economic well being, and as a 

female individual with poor health would be Jess productive in the labour force of the society 

(Nube and van den Boom, 2003; Baker eta!., 2006). Gender studies in India have pointed out 

that female children exhibited greater micronutrient deficiencies and gro"'th retardation. At 

times of natural disasters or crises, the girls were observed to be more affected by 

malnutrition than the boys. Cultural stereotyping and restrictions on movement subjected the 

girls to the authority and control of the male children and adult males. In the public sphere, 

girls were used by families to help in the household and production needs of the family and 

other relatives (Punalekar. I 995). Furthermore. the poor intake of food and nutrients leads to 

deprivation as manifested as under-nutrition among females in later life. 

4. Pre)!a/ence of Protein-caloric adequacy status 

that the prevalence of protein-caloric inadequacy status 

banshis were observed to be significantly higher among the females ( 48 

than the males 0.07%) (p<0.05) (Table 3.40 and Figure 3.49). It has been reported by 

Reddy and Rao (2000) that the Sugali males and females had higher percentages of 

deficiency in calories (66.9% and 59.3%, respectively) than in proteins (48.2% and 43.5% 

respectively). The \ alues were lower than the overall deficiency in calories (68.87%) but 

higher than protein deficiency (41.72%) obtained in the present study. The caloric deficiency 

in the present study lower than that reported among the Raika of Rajasthan (50.5%) by Singh 

et u!. (2009). It is evident from the earlier studies that in India the primary bottleneck in the 

diets of individuals belonging to the poor economic groups were calories and not proteins 

(ICMR. 1984: Gopalan and Jaya Rao. 1984). Rao el a!. (20 I 0) reported the prevalence of 

protein-caloric adequacy status utilizing the data of National Sample Sun ey Organization 
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(NSSO) from different districts of India and observed that the protein-caloric status was 80% 

among the non-pregnant and non-lactating females and 58% to 60% of the pregnant and 

lactating females consumed both protein and energy. In their study. the results also showed 

that the inadequacy status was higher among the pregnant and lactating women in India. 

4.3.5. [<.,Yfect ofSocio-economic, demographic and l{fe-S(JJLe variables ON THE prevalence 

of protein and caloric inadequacy status 

In most the developing countries having high population density. large sections of 

the populations· exhibit low consumption levels and the per-capita intake of nutrient, 

pooc The present study shows variations based on 

. narure and physical levels among both the male and the 

Rajbanshi i mverse 

associations of dietarv fat intake with SIZe, per 

mcome number dependent children m the households (Table 

mverse dietary protein 

and the socio-economic and demographic and life-style variables. The 

calories and percentages 111 the diet were proportionately lower m the higher age 

among them. The multinomial logistic regressiOn analysis the sex 

nutritional depri\·ation to be strongly associated with the caloric, protein and 

madequacy statuses. The odds value was four times (odds: 4.07: 95% CI 2.38-6.96; p<O.Ol) 

and tvvo tirncs (odds: 2. J 8: 95% CI 1.36-3.49; p<O.Ol) in caloric and protein-caloric 

deficiencies respectively among the Rajbansi females. 

Several Indian studies have corroborated the issue of the females being deprived and 

comprising a nutritionally risk group in terms of protein and caloric inadequacy statuses 

Rao. ~000: ttal and Srivastava. 2006; Singh er al, 2009: Rao er a!.. J 0). 



Inadequate level of calorie consumption among the females could be related to either a lower 

physical activity or to the fact that the male individuals are given most of the food. The 

present study further confirms the existence of gender related nutritional deprivatio.n. 

Furthermore, the results showed that the higher odds values for the caloric, protein and 

protein-caloric inadequacies were in the higher age group ( 40 years to 49 years) (p>0.05). 

Several studies have pointed out such age-related trends in caloric deficiencies (Reddy and 

Rao. 2000; Kumar e/ a!., 2005). However the results of the multinomial logistic regression 

analysis showed that odds values for protein adequacy status was higher in lower monthly 

family income (< Rs. 4000 and 4001-6000) and per-capita income group (:S Rs. 750) 

(Table 3.41F The results suggested that odds values for protein inadequacy status were 

to \' but an relationship was noticed 

with odds va \;,ith higher income families for both caloric and protein-caloric inadequacy 

stat us. that protein intake, intake, percentage of energy provided by 

fat percentage energy and protein coming from animal foods and some micro-nutrients 

intake had increasing trends vvith the increase of family income in both rural and urban 

populations, a Jl=tct also observed by \Vang eta!.. 2008. 
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CHAPT£R~Y: 

SUMMARY AND CONCLUSION 



CONCLUSIONS AND RECOMMENDATIONS 

The assessment of nutritional status is considered to be the measure of health status 

and standard of living of an individual or population. It is necessary to mentions that these 

data would be more helpful for policy planners and public health professional to better 

understand the current nutritional situation in relation to food and nutritional and to improve 

the situation for vulnerable segments of the population. The present cross-sectional study has 

conducted to assess the nutritional status of adult Rajbanshi population aged 20- years of 

North BengaL India. The nutritional status was evaluated using different derived 

anthropometric measurements, intake assessment and. food reiated habits. The 

econom1c were to 

association nutritional status and dietary intake. The results would be very 

useful in the formation implement appropriate development and nutritional 

to the 

assessed the nutritional status the R~:~j bans hi · viduals u.tilizing 

different anthropometric indices that appeared to be reliable indicators for the assessment of 

both under-nutrition (e.g .. CED) and over nutrition (e.g .. ovenveight and 

them. The use of BMI and MUAC depicted the existence of a high 

undernourishment. The results further confirmed the pronounced 

undernourishment. It was evident that the proposition of nutritional deprivation was the major 

nutritional concern among the female than the male Rajbanshi individuals. 

Despite the increasing prevalence of ovenveight and obesity among the Indian 

populations the prevalence of under-nutrition continues to be a major problem in most 

rural populations in India including the Rajbanshi as documented in the pr,_;sent study. The 

existing literature further revealed that the under-nutrition vvas considered to be a or 
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" problem in the low socio-economic populations than the high socio-economic populations in 

India. The results of the present study support the inference that in the Indian rural 

populations, CED remained of primary significance rather than obesity or overweight, which 

was in contrast with the populations of the western countries. The results further suggested 

that an urgent nutritional support programmes should be launched focusing to the females for 

reducing the magnitude of under-nutrition in the population concerned. Further studies should 

be conducted to determine the eflects of nutritional supplementations on the anthropometric 

parameters and functional ability among the Rajbanshi population. The following conclusions 

the present study: 

5.1. AN11/ROPOMETRY AND iVU11U110NAL STATUS 

mean\\ ·were 

male individuals \Vhen compared the female individuals. The mean HC 

\VaS to among females (84.93 ± 9 em) 

(83.52 ~t 5.64 The skinfold adiposity measurements of BSF, TSF, 

SSF and SISF \vere htgher among the female individuals. Age \ ariations m the 

anthropornetric variables among these Rajbanshi individuals were found to be strongly 

associated the age groups (20-29 years: 30-39 years; 40-49 years). 

r The derived anthropometric indices showed that Bl\·11 and Rl were higher among the 

females than the males. However, the male individuals had higher mean values of WHR, 

TUA, UMA BFMA. FFM and FFMI than the females. In case of the nutritional and 

body composition variables of WHtR, CL UF A, AFI%, PBF%, FM, Fl\·11 and PBF-BMI 

ratio, mean values were higher among the females than the males. \\hen age specific 

eflect \vas taken into consideration, the results indicate that most of anthropometric 
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variables were observed to be higher in age group of 30-39 years in case of the ma}es and 

in the age group of 40-49 years in case of the females. 

r The results of the Pearson's correlation analysis between the anthropometric variables 

showed that most of anthropometric variables were significantly correlated with each 

other (p<0.05). Age was significantly higher correlated with WHR. WHtR, FFM, WC 

and CL Height and weight were significantly correlated with all the anthropometric 

variables. 

r Linear regression analysis showed that anthropometric and body composition 

\vere significantly associated \Vith BMI, \1>/HR. WI-hR. UMA UFA PBF, weight. 

BSF.)<J. STRand FFM (p<0.05). 

r B as dependent 

anthropometric and bodv characteristics is significantly associated with 

banshi individuals. 

countries developing countries the appropriate health care 

nutritionai strategies should be implernented to improve the nutritional status especially 

m the populations thinness and chronic energy deficiency (CEO) 

were very high. This includes the Rz~jbanshi population of North Bengal. Utiliz·ing the 

( 1995) criteria based on BML it vvas shown that the adult Rajbanshi 

individuals comprised a high undernourishment group (CEO >20 %) and suffering from 

different grades o!' CEO. The overall prevalence of overweight (BMI: >25 kg/m
2

) and 

obesity (BM!: >30 kg/nr2
) \\:ere 38 (3.67%;) and 10 (0.97%) respecti\ely. It has been 

observed that using Bf'v1lto assess overweight and obesity, only 4.63% uf the individuals 

had BM! values >25 kgin/. The female were more overweight and obese than the males 

(().c)7°:'Q versus 3.06%) (p<O.Ol ). 
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> The sex specific prevalence of different grades of under-nutrition or CEO among the 

Rajbanshi individuals was assessed using BMI showed that most of the undernourished 

individuals comprised mild under-nutrition (CED Grade I: 17.37%) followed by 

moderate under-nutrition (CEO Grade II: 4.05% and finally severe under-nutrition (CED 

Grade III: 1.74%) among the Rajbanshi. 

r Nutritional status \Vas also assessed using the sex specific cut-off points of MUAC <23 

em for males and <22 ern for females, as specified by James et ul. ( 1994 ). The results are 

sh(nvn that the overall prevalence of under-nutrition was 40.64(Yo. T'he sex specific 

prevalence of under-nutrition \Vas observed to be slightly higher among the males 

versus .l7%)(p>0.05). 

status the Rajbanshi individuals ~vvere the 

BML it was observed that 1 .67% of the male 

and female · ·viduals were affected under-nutrition. sex 

to lly not significant (x2-value 1.31; d 1: p>O 

regional ad1posity \Vas using WC WHR and WhtK the 

overall obesity \vas 56. and 2! 1 respectively. ence 

and Y'SKF were 0.87°;'0 and 2.12% among the individuals. A total or 6 male 16 

female individuals (0.97% versus 3.85 ryo) exhibited high 

or adiposity \\ere significantly higher among the females as compared to the males all 

the anthropometric rneasures and derived indices. 

r When the Rajbanshi individuals \vere categorized m terms of fitness status based on 

PBF, more than half of the individuals exhibited risky fitness status (51.93%), followed 

by good (20.37%), then excellent ( 19.59%) and finally fair fitness status (8. ll %). Risky 

fitness status \verc exhihitecl b\ 64.6W% and 32.93% of the males and the females 

(Il· 0.0 l ). [ !Jc an1ount ot risk factor associated with PBl · among 
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individuals showed that the majority of them had an optimal risk (76.16%). The 

individuals comprising the slightly overweight and lean categories were observed to be 

12.26% and 7.72% respectively. 

'Y A multinomial logistic regression analysis model was fitted on the socio-economic, 

demographic and lifestyle related variables to estimate the odds of being a male 

individual undernourished and over-nourished. The association of BML WHR and 

WHtR with the different predictor variables among the male Rajbanshi individuals 

indicated that several variables had significant influences in determining whether an 

individual was under and/or over-nourished. The results further suggested that toilet 

livi mcome, 

capita mcome. ilv toilet house socio-economic status and 

household living condition (among the females) \Vere significantly associated 

association of R Vv'htR the socio-economic. demographic and lifestyle 

factors sho that several variables were significantly associated with higher 

level adiposity patterns among the male and the female individuals. 

DIETARY /N1:1J(J:', FOOD HABIT AND NUTR/110N/1L S1:1 TUS 

The dietary intakes were evaluated using 24-:t-IR method. The dietary intake was 

observed to be markedly inadequate in qualitative and quantitative analyses when compared 

to the suggested RDA values. The consumption of different food groups tended to show 

reasonably inadequate intakes than suggested RDA among the Rujhanshi. The amount of 

food and nutrient consumptions was varied and deficiencies were more pronounced in the 

female than the male individuals. 



'r The intakes of different food groups suggest that Consumption of 'meat and poultry 

products' and 'milk and milk products' were found to be very less in the regular diet 

when compared with the RDA. The consumption of fruits were very negligible than 

recommended RDA level. 

"r The dietary analysis of the consumption of essential nutrients showed that energy, 

protein. fat calcium. iron. vitamin-A. riboflavin and vitamin-C were found to be grossly 

inadequate among both sexes when compared to the RDA. However. thiamin and niacin 

intakes were observed to be satisfactory to a certain extent in both sexes. The age specific 

consumption fc)ods and nutrients \Vere observed to be higher in the early (20-29 years) 

and the middie (30-49 years) age groups than the higher age group ( 40-49 years). The age 

nutrients decreased with age. 

consumption meat fish. and poultry products vvere found very inadequate when 

to and meat products were purchased. 

r calcium. iron and riboflavin was found to be markedly deficit in both 

sexes compared to RDA (ICMR. 2004 ). A generous intake of green leafy vegetables 

(GLV) and milk and milk products are recommended to overcome the deficiencies of 

these nutrients among Rajbanshi·s. ·rhe inclusion of the daily diet about 50 gm GLV is 

the reach source or iron. calciUm. riboflavin and thiamin could help to meet a fair 

proportion of iron need beside providing calcium. vitamin-A and vitam in-C respectively 

in the regular dietary intake. 



5.3. RELA110N OF SOCIO-ECONOA1JC,DEMOGRAPIIJC AND LIFESTYLE 

FACTORS W/11/ NU11U110NAL Sl:ATUS 

'? The majority of Rajbanshi individuals in the present study were from a rural region of 

North Bengal that lacked the basic infrastructural and health facilities. The lower 

consumption of food and nutrients could be attributed to low income and less ,, 

aftordability of adequate food stuffs .. 

r Rice was the predominant cereal. The food \Vas mainly dependent on locally available 

agricultural products that included G!Vs. roots and tubers, and vegetables. The results 

showed that majority of the individuals have small land holdings. The production of 

\vas also inadequate due to the practice traditional 

of cultivation increased burden of higher family dep~ndency and 

!and and y1eld. 

RECOivLMl:'NDA110NS AND PROPOSE'JJ SUGGES11Vlc' MEASURES 

The present study revealed a poor nutritional status among the adult Rajbanshi 

individuals. There are some recommendations and suggestive measures to improve the 

nutntional status. and iheret(m~ the health of these individuals. The recommendations or 

suggesti vc rneasures are as follows: 

../ The nutritional status should be improved by introducing the good quality of locally 

available foods. The supplementation of good amounts of protective food and nutrients 

(e.g., iron. zinc and calcium) should be introduced in the diet especially among the 

females . 

../ The supplementaliotlS of nutritional trace elements especially zmc, selenium should be 

provided. 

285 



./ The installations of hygienic toilets are required to improve the health conditions. 

/ Furthermore, the Government should play a proactive role in reducing the prevalence of 

under-nutrition among the population under study. Nutritional intervention programmes 

are needed to be implemented among the adults . 

./ There was also the prevalence of regional and abdominal adiposity among adult 

Rajbanshi 's. Therefore appropriate strategies should be initiated to reduce such 

prevalence and also improve the public health conditions by checking the 

of non-communicable diseases include hypertension. diabetes and chronic heart 

GH11CHlg the!TL 

awareness should be imparted among the individuals in respect to ill-health 

1 
(! iS health 1cy to alleviate 

thinness and CED. 

/ The health care 1:1cil1ties must be expanded and found to be vvithin the reach of the 

individuals. The proper utilization of health care facilities should be ensured in terms of 

health check up carnps in regular basis and health personnel should encouraged and 

motivated within cornmunitv. and Non-Government Organizations 

(NC:JOs) should be strives hard to popularized the utilization of existing health care 

tacilities in order to combat ill-health and under-nutrition conditiun . 

./ The rapid trcatm~::nt of nutritional diseases would be helpful to minimize the nutritional 

burden among Rajbanshi"s. \Veil trained health professionals and medicine practitioners 

should be encouraged lu hold health camps. 



./ The necessary nutritional and health related educations should be imparted for a better 

understanding of the problems and adoption of redial measures . 

./ Proper education should be provided to make the individuals aware of the major issues 

relating to nutrition. health and disease. 

,/ The effective orientation programmes relating to the importance of proper nutritional 

status should be organized. 

5.5. (IENERAL OB._~'ERVA T!ON AND CONCLUDING REMARJC\': 

to the 

(e.g .. 

sector figure predominantly m and must gt\cn 

These must nut at ensuring all individuals. but 

BlUSt achie\ e and q foods 

together make up a heal did . The results established a high 

prevalence of under-nutrition and inadequate dietary food nutri cnts consumption ·among 

the adult Rajbanshi individuals. The results further revealed significant associations between 

dietary related patkrns vvith socio-economic and demographic factors were observed. The 

results also showed a sex specific nutritional consumption and deprivation. 

More importance should be given to improve the nutritional stalus of the adult females. One 

well-known fact is the adverse health effect of k)\v BMI or under--nutrition has to increase the 

risk of lovv birth weight babies. 

The prcvalenc~:' uf overv\ eight and obesity has been increasing among the individuals 

belonging to the higher income and education group. So the burden of diseases associated 

ur ~~clip(1)il\ sllilll l'(mtinue tu increase. To meet this public health 
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challenge related to the double nutritional burden in the population, there lies an opportunity 

to formulate appropriate policies in respect to an integrated health improvement. Food and 

nutritional professionals could use this information to assess unhealthy food choices observed 

in the dietary patterns and to guide nutritional recommendations to help to reduce the 

incidence of under-nutrition and protein and energy-protein related risk t~tctors among the 

Rajbanshi. Future research should aim to evaluate dietary intake utilizing the complementary 

methods for a better understanding the nutrition-diet relationship. 

Increasing the intake of Vvhole gram, fruits. vegetable and dairy products and 

increased the prevalence 

emphasized a critical need 

a 

individuals were su 

improve nutrient intakes and BMI status thereby 

nutrient contribution m terms of dietary supplements 

nutrient nutrients. study has 

implementation nutritional and health interventions a 

to inadequate nutnent consumptions. The adult 

the of macronutrients, vitamins and energy intakes as 

compared with the RDA. The results of the present study emphasize the importance a 

multi-disciplinary approach combat nutritional problem. These are the importa.nce of 

empowering women through engagement and education, and of maintaining the healthy 

physical environment (e.g., water and The highlights the importance of 

supporting initiatives that address these issues not only for their core benefit, but also for the 

potential bendit to nutritional status. 

The present study warrant interdisciplinary approaches from researchers, policy 

makers and e:dension health workers in popularizing the beneficial effects uf vegetables and 

fruits. encoura~;i ng their \vide use 'v\ hich would ensure nutritional security to rural 

populations. ft mav be concluded that to reduce the problem uf under-nutrition among the 
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adult Rajbanshi indiidua!s of North BengaL both the Government and Non-Government 

Organizations (NGO's) should adopt initiatives so as to improve nutritional status with 

specific planning and policies. There is an urgent need for an attention to improve nutritional 

status by appropriate health and nutritional intervention programmes so as to ameliorate the 

under-nutrition among them. 
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