
 

  

16 

 

 

CHAPTER I 

INTRODUCTION 

 

 

 

 

 

 

 

  

 

 

 

 

 



 

  

17 

 

Introductary notes 

Human nutrition is an area that has witnessed serious contributions by 

biological anthropologists. Biological anthropologists have been particularly 

interested in issues of nutritional adaptation and how humans adjust to variations in 

food intake as well as to the particular components of diet. An important area of 

serious contributions by biological anthropologists is the assessment of nutritional 

status of populations particularly in the developing countries. Nutritional status is 

now recognized to be a prime indicator of overall health of a population or an 

individual. The World Health Organization (WHO) believes that the ultimate 

objective of nutritional assessments is the improvement of human health and 

understanding health condition by implementing the nutritional intervention 

programmers by means of overall improvement of health status in the population.  

Physical growth assessment best demonstrates the health and nutritional 

status of children Several of the Millennium Development Goals have implications 

for nutrition, including the goal to halve by selected year, but till date the number of 

people living in hunger, and the goal to reduce child mortality by two thirds. Slow 

growth is also indicator of poor environmental condition effecting past, present, and 

future health (Macie-Tylor, 1991, Begin et al., 1988). But scientific investigations of 

human growth probably started sometimes in the 18th century, but the idea of 

growth perhaps goes back to prehistoric or early historic period where rock paintings 

and sculptures showed humans in different ages and sex.  

In the subsequent 19th century studies on human growth continued based on 

political, racial, medical and scientific considerations. The 20th century witnessed 

significant advancements in the methodologies, treatment and interpretation of 

growth data and several long duration interdisciplinary longitudinal growth studies 
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were carried out that provided base line information about child growth. Growth is 

closely linked with nutrition. An adequate supply of various nutrients such as 

proteins, carbohydrates, fats vitamin, minerals, water, etc., is necessary for general 

growth of the body. Nutritional deficiencies retard normal growth during childhood 

and delays further growth processes. During post- war periods (World War I and 

World War II), several studies were conducted in different parts of the world to 

assess the effects of diets on growth. During that period there was a shortage of food 

supply in some populations. The people were undernourished. But after restoration 

of normal food supply both height and weight of these populations showed an 

increase. The children have the great recuperative capacity.  There are genetic and 

non-genetic factors which affects the rate of growth. Non-genetic factors include 

nutrition, ecology, socio-economic condition, race, psychological disturbance, etc. 

The intricate phenomena of human growth and development are regulated in 

predetermined trajectories by the genetic potential. During infancy and childhood, an 

array of diseases resulting into reduced appetite and absorption of nutrients. Through 

such circumstances, growth would have reflected the effect of the insult by slowing 

down (known as catch-down growth) or in a more severe Case, would have ceased 

(Cameron, 2002). The amount of deviation from the predetermined growth, pathway 

and reduction in growth velocity depends on the duration and severity of growth 

retardation in growth velocity depends on the duration and severity of growth 

retardation and and the age at exposure (Tanner, 1981). A child who suffers from an 

illness or starvation is able to return to nearly approach his regular course of growth 

when condition improves. During such recovery Phase, his age or even of his 

skeletal maturity. This rapid increase in growth velocity following a short term 

period of starvation or illness is termed as catch-up growth. Catch-up growth may 

completely restore the growth scenario to normal or if the insult was severe and very 
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prolonged, it may be insufficient to do so. Catch up growth sometimes totally 

eradicate a difficult is possible even after the early stages of growth and also it is 

unreasonable   to except that those who developed stunting associated with poverty 

will catch up spontaneously without a major change in their circumstances. (Kulin et 

al., 1982, Alvear et al., 1986, Satyanarayana et al., 1989). However, investigations 

by Adnair et al. (1999) indicate that there is a large potential for catch-up growth in 

children even into the preadolescent years. Though according to recent trends that 

greater infant weight gain, at the middle/upper end of the distribution, was more 

strongly associated with higher adolescent BMI among individuals born during 

(compared with before) the obesity epidemic. Combined with a secular change 

towards greater infant weight gain, these results suggest that there are likely to be 

associated negative consequences for population-level health and well-being in the 

future, unless effective interventions are developed and implemented (Victora et al., 

2010, Danaie et al., 2016, Roth et al., 2017, Johnsan et al., 2018). 

Nutritional status is reflected in a variety of metabolic process that provides 

the basis for the number of methods for its assessment. Hunger and malnutrition 

remain two of the most important issues facing the majority of words poor and 

under- privilege populations. Nearly 30.00% of the populations are currently 

suffering from iron deficiency. Nearly 250 million children under-5 years of age 

suffer from iron deficiency, which 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 illness 

(Black et al., 1984: Sepulveda et al., 1988) and have higher risks 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 
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al., 1994) and lower cognitive function and school performance (Pollite 1990). 

Nutrition of infants is one of the largest concerns or ought to be, since deprivation in 

early childhood often causes irreversible damage to physical and mental health, 

reduces learning at school and leads to lower income as an adult (IFPRI, 2002). In 

the field of public health, there is a tradition going back to the 1950’s for measuring 

the state of the child nutrition and health using anthropometric indicators based on 

the height, weight, age and sex of the child (de Onis, 2000). The other 

anthropometric measurements include circumferential measurements and skinfold 

thickness for assessing subcutaneous fat and muscle mass. All measurements can be 

taken singly, or serially, when they are often recorded on different types of growth 

charts (Jelliffe and Jelliffe, 1989).  

Under nutrition is a principal cause of ill-health and is generally considered 

to be the major public health issue that increases the premature mortalities and 

morbidities among children. It also has long-lasting physiological effects among 

them (Pelletier, 1994; Nandy et al., 2005; Rosati et al., 2010; Ahmed et al., 2012). 

Under nutrition is further considered to have significant adverse health effects 

among those children who survive to adulthood (WHO, 1995; Ahmed et al., 2012). 

It has been estimated that under nutrition is the largest contributor to the global 

burden of disease (Black et al., 2008; Save the Children, 2012). Globally, about one 

third of the children aged under-5 years (178 million) are stunted, while 112 million 

are underweight (Ahmed et al., 2012; Bhutta and Salam, 2012). With its large 

population size and widespread poverty, a majority of individuals are 

undernourished and underprivileged in India (Ramachandran 2007; Antony and 

Laxmaiah 2008; Khor, 2008). Discrimination against the female child has also been 

documented in the country (Bose et al. 2007; Mondal and Sen, 2010; Sen and 

Mondal, 2012). India also shows the highest occurrence of child under nutrition in 
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the world and it has been estimated that more than half of the Indian children were 

undernourished (Measham and Chatterjee 1999; Black et al., 2008; Khor, 2008; 

Ahmed et al., 2012). Therefore, such assessments become a priority and bear a 

potential role in formulating developmental strategies and intervention 

programmers.  

1.1 The terms “Nutrition”, “Under nutrition’’ and “Malnutrition’’. 

Nutrition is the intake of food, considered in relation to the body’s dietary 

needs. From Oxford Dictionaries: The process of providing or obtaining the food 

necessary for health and growth: a guide to good nutrition. According to WHO 

(2016), malnutrition refers to deficiencies, excesses or imbalances in a person’s 

intake of energy and/or nutrients. The term malnutrition covers 2 broad Groups of 

conditions. One is ‘under nutrition’—which includes stunting (low height for age), 

wasting (low weight for height), underweight (low weight for age) and 

micronutrient deficiencies or insufficiencies (a lack of important vitamins and 

minerals). The other is overweight, obesity and diet-related no communicable 

diseases (such as heart disease, stroke, diabetes and cancer). Studies have focussed 

on the factors related to malnutrition among populations (Wary 1978, Hallay et al., 

2014, Riviati et al, 2017).  

Under nutrition is a principal cause of ill-health and is generally considered 

to be the major public health issue that increases the premature mortalities and 

morbidities among children. It also has long-lasting physiological effects among 

them (Pelletier, 1994; WHO 1995, Nandy et al., 2005; Rosati et al., 2010; Ahmed et 

al., 2012). Under nutrition is further considered to have significant adverse health 

effects among those children who survive to adulthood (WHO, 1995; Ahmed et al., 

2012). It has been estimated that under nutrition is the largest contributor to the 



 

  

22 

 

global burden of disease (Black et al., 2008; Save the Children, 2012). Globally, 

about one third of the children aged under-5 years (178 million) are stunted, while 

112 million are underweight (Ahmed et al., 2012; Bhutta and Salam, 2012). With its 

large population size and widespread poverty, a majority of individuals are 

undernourished and underprivileged in India (Ramachandran 2007; Antony and 

Laxmaiah 2008; Khor, 2008). Discrimination against the female child has also been 

documented in the country (Bose et al. 2007; Mondal and Sen, 2010; Sen and 

Mondal, 2012). India also shows the highest occurrence of child under nutrition in 

the world and it has been estimated that more than half of the Indian children were 

undernourished (Measham and Chatterjee 1999; Black et al., 2008; Khor, 2008; 

Ahmed et al., 2012). Therefore, such assessments become a priority and bear a 

potential role in formulating developmental strategies and intervention programmes.  

Under nutrition includes underweight for age, too short for age, 

dangerously thin, and deficient in vitamins and minerals. The prevalence of under 

nutrition among individuals is an important indicator of health status of a 

community and one of the significant areas of concern in many of the developing 

countries of Asia. It has been reported that approximately 800 million individuals 

being reportedly undernourished worldwide, a little under one-third (258 million 

individuals) are concentrated in South Asia. In India, given its large population size 

and widespread poverty, a majority of the individuals are under-nourished and 

under-privileged. The assessment of their nutritional status thus assumes an 

immediate priority and is a daunting task for any researcher. Child under nutrition 

continues to be a significant public health issue in many of the developing 

countries of Asia. It has been estimated that approximately 70.00% of the world’s 

malnourished children live in Asia, given the region the highest concentration of 

worldwide childhood malnutrition. The prevalence of under nutrition in childhood 
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is considered to have significant detrimental health effects in those children who 

survive to adulthood (WHO, 1995). Under nutrition is also one of the principal 

causes of ill-health, premature mortality and morbidity among children (Nandy et 

al., 2005). It has been estimated that 60.00 % of the 10.90 million deaths that occur 

annually among the children aged less than five years in the developing countries 

are associated with this. Ironically, despite economic development, India continues 

to have high incidence of infant and childhood mortality and malnutrition (Bamji, 

et al., 2008). With poverty being the major factor responsible for this, efforts are 

needed to reduce this mutually reinforcing linkage between poverty and under 

nutrition.  

Low nutritional status during childhood has the potential to affect growth 

rates and increase the risk of mortality and morbidity of preschool children (aged 12 

months to 60 months) as children require special nutritional needs because of their 

rapid growth and development (WHO, 1995). In 1992, an estimated 230 million 

under-5 years old children were stunted, 139 million underweight and 50 million 

wasted (Onis et al., 1993). In India, the legacy of child malnutrition among 

preschool children is a major public health problem and an impending obstacle to 

national development (Bishno et al., 2004). The problem is more acute in the rural 

areas (Dolla et al., 2005). However, there exists scarce data on the prevalence of 

under nutrition among Indian preschool children.  

1.2 Nutritional situation in India 

In India, the National Family Health Survey-3 in 2005-06 has observed the 

prevalence of stunting to be around 50.0% among children aged below 5 years, 

while the proportion of underweight (43%) was almost double than that reported 

from sub-Saharan Africa (NFHS-3 2005-6). It has also been already reported that 
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with its large population size and widespread poverty, in India a majority of the 

individuals are undernourished and underprivileged (Ramachandran 2007, Antony et 

al., 2008, Khor 2008, Bose et al., 2007). Discrimination against the female child has 

also been observed among nutritionally vulnerable segments of the Indian 

population (Bose 2008, Mondal and Sen 2010). The country has also shown the 

highest occurrence of child under nutrition in the world and it has been estimated 

that more than half of the Indian children remain undernourished (Ahmed 2012, 

Black 2008). The recent study focus on diabetes among rural individuals of 

different nutritional status and the alarming situation demands focus more on its 

under nutrition association (Maiti et al., 2015). The role of sanitation in malnutrition 

remains a science and policy controversy in the Indian scenario (Dobe et al., 2015). 

Under nutrition and tuberculosis in India: is another by Padmapriyadarsini et al. 

(2016).  

1.3 Method of Nutrition status assessment in human 

In his excellent monograph on the assessment of nutritional status, Jelliffe 

(1966) has proposed five methods. These methods are as follows: 

1. Anthropometry assessment. 

2. Biochemical assessment. 

3. Clinical signs and symptoms. 

4. Dietary survey. 

5. Study of vital statistics. 

The different methods used for the assessment of nutritional status are not 

equally equipped but on the contrary they often act as complementary. One of the 

most widely utilized methods among those cited above is anthropometry. The role of 

anthropometry in the assessment of nutritional status is briefly enumerated below. 
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Anthropometry 

Anthropometry is the single universally applicable, inexpensive and non-

invasive technique available to researchers for the assessment of the size and 

proportion of the human body (WHO, 1995). It is a very useful tool in the 

assessment of growth and nutrition of individuals (Gorstein et al., 1994; Hamieda 

and Billot, 2002). This technique has been successfully utilized by different 

researchers to assess and document the growth and nutritional status of various 

human populations (Sharma and Sharma, 1992; Bailey and Ferro-Luzzi, 1995; 

Deurenberg-Yap et al., 2000; Misra et al., 2001; Rao et al., 2005; Zerfu and 

Mekasha, 2006; Bharti et al., 2007; Olivieri et al., 2008; Bogin, 2011; Reis, 2012, 

Maramba 2017). 

The anthropometric measurements and indices generally used are body mass 

index (BMI), mid-upper arm circumference MUAC), height-for-age, weight-for-

height, weight-for-age. Low height-for-age is referred to as stunting, low weight-for-

height wasting and low weight-for-age as underweight. Very recently, the use of 

BMI-for-age and the Composite Index of Anthropometric Failure (CIAF) has also 

been proposed to assess nutritional status. 

It is now known that the measurements of height and weight provide useful 

data for determining growth patterns and body composition. The growth is strongly 

dependent on nutritional status, the level of nutrients in the food consumed and the 

RDA. The basis of this method of nutritional assessment is anthropometry. 

Anthropometry follows a rigorous set of guidelines that includes standardization of 

the measurements and uniformity in the landmarks. Recent research has expanded 

the applications of anthropometry to include predicting who will benefit from 
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interventions, identifying social and economic inequity, and evaluating responses to 

interventions. 

The most commonly used anthropometric measurements that are used by 

investigators to assess nutritional status of individuals and populations are appended 

below: 

Height 

Height of a child increases with age, although the increase is relatively slow. 

Even in Cases of severe under nutrition, there is no decrease in height.Height is very 

important for assessing nutritional status as a normal individual has to attain a 

particular height at a particular age. Height is measured in a standardized manner 

and is defined as the linear distance from the floor till the vertex. In Case of infant, 

length is measured instead of height.   

Weight 

Weight is another important parameter for determining nutritional status.As 

in Case of height; an individual has to obtain a standard weight for age to attain 

normal nutritional status. Weight increases with the increase in age of the child. In 

Case of under nutrition, there is a loss of weight. 

Mid-upper arm circumference (MUAC) 

MUAC is the most important circumference measurement for determining 

nutritional status. The measurement of MUAC can now be used as a screening 

method for under-weight (normally assessed from the BMI). It can also be utilized 

as an additional criterion with the BMI to identify the preferential loss of peripheral 

tissue stores of fat and protein. MUAC is very useful to assess the nutritional status 

of children aged less than 5 years as it does not change much during the age of 12 

moths till 60 moths. During this period, the baby fat is replaced by muscle. MUAC 

is of great value in field situations especially when a large number of children are to 
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be covered and there is confusion regarding their ages.MUAC coloured tapes are 

used during emergencies such as famines.  MUAC values below 23.0 cm and below 

22.0 cm are considered to be undernourished for males and females respectively 

(James et al. 1994). A series of MUAC cut-off points have now been identified to 

allow the screening of individual adults under extreme conditions, e.g. during 

famines (Ferro-Luzzi and James 1996). The justification for the use of MUAC as a 

substitute for, or in addition to, the BMI is based on the epidemiological 

relationships and also on physiological and clinical observations linked to the 

depletion of body reserves. There are a number of methods by which a researcher is 

able to assess nutritional status in the target populations. Other using of MUAC-for-

age longitudinal study children those are affected in HIV done by recent year 

(Maramba 2017). 

Biochemical Assessment 

This method is used as composition of the nutrients and it reflected by 

variations in the concentrations of nutrients or their associated compounds in 

different body tissues and fluids along with the appearance or disappearance of 

metabolites. Such estimations of the concentration levels reflect the nutritional status 

of the individuals. The most important laboratory tests include hemoglobin 

estimation and stool and urine tests with the increasing knowledge of the metabolic 

function of vitamins and minerals assessment of nutritional status by clinical signs 

has given way to more precise biochemical tests which may be applied to measures 

individual nutrient concentration in fluids and biomarkers (eg. whole blood, serum 

and head hair). The test can also include the determination of metabolites in urine 

(eg. urinary iodine) or estimation of enzyme to document malnutrition in the pre-

clinical stages. The biochemical tests also include estimation of vitamins and 
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essential trace element concentrations. Otherwise anthropometric and biochemical 

parameters were used to evaluate nutritional status in eating disordered and also used 

by BMI proved to be a poor predictor of nutritional status in eating disorder (Willin 

and Hambreus 1996). 

Clinical signs and symptoms. 

Clinical examination or assessment methods utilizes biochemical tests, 

performed in a hospital commercial or other laboratory to measure levels of nutrients  

in biological fluids (blood  or urine ) or to evaluate certain biochemical functions 

which are dependent on an adequate supply of essential nutrients. Such studies 

explain that not all nutrients can or should be assessed by laboratory methods. 

Clinical methods may first identify the presence of nutritional problem; the latter 

will be a superior indicator of its severity. The WHO expert committee in 1963 

provided a classification of the physical signs on medical assessment of nutritional 

status. i.e. “The Assessment of the Nutritional status of the community” (Jelliffe 

1966). The WHO classification is very useful for rapid nutritional screening of a 

population. 

 Dietary Survey 

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

various 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 individual level. Dietary investigations are carriedoutusing a number of 

methods. These methods are the 24-hour recall (24-HR) method, weighted intake 

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

questionnaire method (Gibson, 1990; Lee and Neiman, 2005).  The most widely 

used method for field of dietary intake is the 24-HR method (Beaton et al., 1983, 
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Braranwaski et al., 1991; Egger et al., 1991; Nicklas et al., 1995). Diet is a major 

lifestyle-related risk factor of a wide range of chronic diseases. Changes in dietary 

habits have been found to reduce cancer incidence by one-third (Doll et al., 1981). 

Baik et al., 2013 reported that dietary information has been useful in cardiovascular 

disease risk prediction and consuming a nutrient-dense diet was associated with a 

low risk of all-cause mortality (Streppel et al., 2014). According to Nutrition 

epidemiology (1981) Contrary to other lifestyle risk factors (e.g., smoking), dietary 

exposures are very difficult to measure because all individuals eat foods, even if the 

amount and the kind of food consumed is various between subjects, and people 

rarely perceive what they eat and how much they do. That inaccurate dietary 

assessment may be a serious obstacle of understanding the impact of dietary factors 

on disease. 

Some researchers reported that specific biochemical markers have been used 

as a surrogate to measure the dietary intake of selected nutrients or dietary 

components in epidemiological studies (Kim et al., 2012, Lim et al.., 2012, Kho etal. 

2013). Earlier studies have found these markers to be highly correlated with dietary 

intake levels, free of a social desirability bias, independent of memory, and not 

based on subjects’ ability to describe the type and quantity of food consumed 

(Potischman 2003). Such biochemical markers may provide more accurate measures 

than dietary intake estimates do. However, a number of biomarkers have been 

known to provide integrated measures reflecting their absorption and metabolism 

after consumption, and they are also affected by disease or homeostatic regulation, 

thus their values cannot be translated into the subject’s absolute dietary intake 

(Kaaks et al., 2000). Moreover, the results based on biomarkers cannot provide 

dietary recommendations to modify a subject’s dietary habit. Thus, direct assessment 

of dietary intake may be more informative than biomarkers (Wild et al., 2001, 
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Potischman et al, 2003),. Among the available dietary assessment methods, the food 

frequency questionnaire (FFQ) has been widely used in large epidemiological 

studies since the 1990s. After doubts of their accuracy were raised in the 2000s 

(Schatzkin et al, 2003, Freedman et al., 2006) and numerous changes to the 

assessment methods have been made. Some researchers have shifted their focus and 

concentrated their efforts to improve the feasibility and accuracy of open-ended 

dietary assessment methods rather than improve the FFQ or further find relevant 

biomarkers. Other researchers have concentrated their efforts to enhance the 

accuracy of the FFQ. Assessing dietary exposure accurately with limited resources 

remains a challenge for researchers and also for dietary assessment and their 

feasibility in epidemiological studies. 

 Study of vital statistics 

Many of the greatest advances in nutritional study have come as a result of 

public health research interventions. The ability to intervene in the health of 

populations is dependent upon development of appropriate tools for measuring 

mortality and morbidity interventions, and outcomes (Pelletier and Frongillo 2007). 

Only by standardizing parameter can hope to target high-risk populations with 

effective interventions. Therefore, understanding the common language of public 

health is vital. The basis of all epidemiological observations is essentially statistical. 

Which are not capable of quantitative, expression is consideration in a serious 

epidemiological study. The success or failure of any such study rests, usually, only 

upon the accuracy and completeness of the observations on which it is based. The 

true basis of all extensive epidemiological studies is to be found in the mortality and 

morbidity statistics collected by the researcher, along with infant mortality rate. 

Second year child mortality rate, rate of low birth weight and life expectancy can 

also identify the at-risk Groups with regards to nutritional status. The data on 
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morbidity in the clinical setting or community health and morbidity surveys 

particularly those in relation to the protein energy malnutrition and vitamin 

deficiencies are valuable in providing additional information with regards to the 

nutritional status of populations. Understanding how a population is coping with the 

burdens of reproduction is vital. High-quality population based data are essential in 

the interpretation of child and maternal care. This valuable insight can provide 

populations with the opportunity to intervene for improved outcomes for women and 

infants and, therefore, communities as a whole. 

1.5 Review of published literature 

 Most of the studies done on nutritional assessment are cross-

sectional. Longitudinal studies on the assessment of nutritional status are far lesser 

in number when compared to the cross-sectional studies. The longitudinal studies 

done so far on this issue are on individuals being administered supplementations, 

those with micronutrient deficiencies and suffering from diseases. Here the studies 

of Anand et al. (1994), Cederholm et al. (1995), Ferrira et al. (2011); Kanade et al. 

(2011), Menon et al. (2011), Christensen et al. (2012), Kundu et al. (2012), 

Swaminathan et al. (2012),There have also been some studies basically documenting 

the nutritional status of individuals (Cornu et al. 1980; Lopez et al., 1989; Evers and 

Hooper, 1995; Léger-Leblanc and Rioux, 2008) and its association with mortality 

(Smedman, 1987; Yang et al., 2011). 

Since the present research work is based on anthropometry, the literature 

review has been restricted to studies on anthropometry only. For the literature 

search, the resources available on “PubMed (www.ncbi.nlm.nih.gov/PubMed)” has 

been manually utilized. 

Non-Indian studies done on nutrition assessment using anthropometry 
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A number of studies have utilized BMI to determine nutritional status of 

individuals (Chilima and Ismail, 1998; Das and Bose 2012; Fares et al. 2012). It is 

now also agreed that BMI is a good indicator for the understanding of under 

nutrition in terms chronic energy deficiency (CED) (Ferro-Luzzi et al., 1992; WHO, 

1995; Ferro-Luzzi and James, 1996). Studies have also shown the effects of socio-

economic variables on BMI and CED and the associations of body fat with BMI 

(Deurenberg-Yap et al., 2000; Pryer et al., 2003; Clausen et al., 2006; Pasco et al., 

2012; Rai, 2012).The MUAC is another simple anthropometric measurement that 

has been extensively used to determine the nutritional status of adult individuals, 

particularly from populations of the developing countries (James et al., 1994; 

Collins, 1996). Moreover, BMI with MUAC and MUAC-for-age can provide a 

better assessment of CED (Gartner et al., 2001, Maramba et al., 2017).  

Indian studies done in the assessment of nutritional status using anthropometry 

Studies have utilized the indices of height-for-age, weight-for-age, and 

weight-for-height, BMI, BMI-for-height and MUAC for the assessment of 

nutritional status of Indian populations. Extensive studies have been done in the 

assessment of nutritional status using anthropometry among children particularly in 

the ages below 12 years (Vazir et al., 1998; Yadav and Singh, 1999; Brahmbhatt et 

al., 2001; Vashisht et al., 2005; Bhanderi and Choudhary, 2006; Mitra et al., 2007; 

Meshram et al., 2011). Significant number of contributions have also been made on 

adult nutritional status (Mehta and Shringarpure, 2000; Khongsdier, 2005; Bose et 

al., 2006; Subramanian et al., 2009). In a very important study involving 81,712 

rural women from 26 states and 6 zones, Bharati et al. (2007) reported that 31.20% 

of them were suffering from CED.  

Significant studies have also been conducted on different tribal populations 

of India. Here the recent studies among the Oraon (Mittal and Srivastava, 2006) and 
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Bathudi (Bose et al. 2006a) bear mention. Using BMI and MUAC, Bose et al. 

(2006b) reported a high prevalence of under nutrition among the adult Santals of 

Orissa (26.20% and 33.70%). The study of Arlappa et al., (2005) on tribal elderly 

individuals from the 9 provincial States of India has reported that females were more 

affected than the males (65.40% versus 61.80%). Another significant study among 

the War Khasi of rural Meghalaya shows that 35.00% of the community were 

suffering from CED (Khongsdier, 2002). The BMI along with waist circumference 

(WC), hip circumference (HC) and waist-hip ratio have also been used to assess the 

body composition and regional adiposity in many studies (Misra et al., 2001; Bose et 

al., 2005; Das and Bose, 2006; Misra and Khurana, 2009). 

The first Indian longitudinal growth survey from early childhood to maturity 

was the highest of 303 boys and 260 girls, from middle-class families in a semi-

urban area south of Calcutta. They were measured at regular intervals over periods 

of up to 14 years (between 1952 and 1966). The data were analyzed using 

appropriate mixed longitudinal and curve fitting techniques (Houspie et al., 1980). A 

short-term longitudinal growth study was also conducted for a period of one year on 

squatter children of two communities (Hindu and Muslim), belonging to age Groups 

1-5 years. Attempts were made to observe the similarities and differences in growth 

pattern of children of each age Group belonging to two social Groups and to see the 

effect of social Group and sex difference on growth pattern (Ray 2004).  

Studies done on pre-school children using anthropometry 

India shows the highest occurrence 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 

among Indian children is far higher levels of economic development (Gragnolati et 
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al., 2005). A number of studies have been undertaken to assess and document 

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

conventional anthropometric indices. The studies of Upadhayay et al., (1992), 

Rajasree and Soman (1994), Pal (1999), Yadav et al., (1999), George et al.,  (2000), 

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

Kaur et al., (2005), Pooni et al., 2006, Rao et al., (2006 b), Sharma et al., (2006), 

Singh  et al., 2006, Som et al., (2006, 2007),  Bose et al., (2007 a, 2008 a), Bharti et 

al., (2008,2009). Das and Bose (2009a), Dutta et al., (2009) and Bisai and Mallick 

(2011) 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 (ICDS), 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 ICDS children. Hence the studies of Bose et al., (2007), 

Arlappa et al., (2008), Mandal et al. (2008), Biswas et al., (2009), Tigga et al., 

(2015) Duwarah et al., (2015) mentionable. Studies have reported the prevalence of 

under nutrition among preschool children in India utilizing the Composite Index of 

Anthropometric Failure (CIAF). Hence the studies of Nandy et al., (2005), 

Seetharaman et al., (2007), Biswas et al., (2009), Das and Bose (2009b), Deshmukh 

et al., (2009). Mandal and Bose (2009), Mukhopadhy et al., (2009) and 

Mukhopadyay and Biswas (2011) are mentioned here.  

Studies done on children aged more than 5 years using anthropometry 

In India extensive studies have been undertaken to assess the prevalence of 

under nutrition status among Indian children aged more than 5 years. Using the 

conventional indices, a large number of studies have reported high prevalence of 

under nutrition among them. Here the studies of Chhabra et al., (1996), Kumar et al., 

(1996), Vazir et al., (1998), Yadav and Singh (1999), Brahamabhatt et al., (2001), 
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Choudhary (2001), Mitra et al., (2002; 2007), Elizabeth and Muraleedharan (2003), 

Vashist et al., (2005), Bhandari and choudhri (2006), Tigga et al., (2015a), Tigga et 

al., (2015b), Tigga et al., (2016), Maramba et al., (2017) are mentionalble. 

Studies done on adolescents using anthropometry 

The period of adolescence is very important Phase in the life span of an 

individual. It is defined as the period of transmission between childhood and 

adulthood and is characterized by an exceptionally rapid rate of growth (Tanner, 

1978). In India the adolescents comprise a nutritionally vulnerable segment of the 

Indian population. Most of the adolescents belonging 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 stunting (low weight 

for age) and thinner (low BMI for age). A significant number of studies have 

reported the prevelance of under nutrition among Indian adolescents. They include 

those of Anand et al., (1991), Bose and Mukhopadhyaya (2004), Das and Bisawas 

(2005), Khangsdier et al., (2005) Bose and Bisai (2008b), Banarjee et al., (2009), 

Prashant and Shaw (2009), Banik and Chatterjee (2010: Bisai et al. (2001) and 

Shivarama Krishna et al. (2011). 

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

al., (2007) have reported that significant proportions of the adolescent population 

exhibited a high prevalence of under nutrition. Utilization data from the NNMB. 

Venkaiah et al., (2002) reported that 39 % of the ruler adolescents were stunted. 

Malhotra and Parsi (2007) reported the prevalence of thinness to be higher among 

boys (53.10%) then girls (39.50%); Rao et al., (2006a) utilizing the NNMB data 

from 9 Indian states, reported the prevalence of thinness among tribal adolescent to 

be 63 % among boys among boys and 42 % among girls. They also obtained a 

significant association between under nutrition and different socio-economic 
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parameters (family type, size of land holding and occupation). Low prevalence 

thinness among adolescent girls (30.60%) has also been reported from North India 

(Malhotra and Parsi 2007). 

Maiti et al., (2011) reported the overall extent of thinness to be as high as 

37.70 % among adolescents of Paschim Medinipur district of West Bengal. In a very 

recent study Sharma and Mondal (2018), Debnath et al., (2018) explained that in-

depth studies are also necessary for identifying the factors responsible for the 

physical growth retardation and body composition among adolescents. 

Studies done on adult individuals using anthropometry 

There have been a sizeable number of contributions in the issue of adult 

nutritional among different population of Indian. Here the studies of Viswaswara 

Rao et al., (1990, 1992, 1995), Dhurandhar and kulkarni (1992), Ferro-luzzi et al., 

(1992), Gopinath et al., (1994) , Reddy (1998), Yadav et al., (1999), Mehta and 

Shrinagarpure (2000), Zargar et al., (2000), Dudeja et al., (2001), Khongsdier (2001, 

2002, 2005),  Gogoi and Sengupta (2002), Shukla et al., (2002), Sahani (2003), 

Snehlatha et al., (2003) Bose and Chakraborty (2005) Arlappa et al., (2005) 

Khongsdier et al., (2005), Venkatraman et al., (2005), Adak et al., (2006), Ghosh 

and Bharti (2006), Bhardwaj et al., (2006), Bose et al., (2006a,b,c), Gautam et al., 

(2006), Subramanian and smith (2006), Bose et al., (2007a,b, 2008a,b, 2009), Banik 

(2007), Banik et al., (2007, 2009): Bharti et al., (2007, 2009), Subramanian and 

smith (2006), Subramanian et al., (2007), Chakraborty et al., (2008, 2009), Bisai and 

Bose (2009), Sarkar et al., (2009), Chakraborty and Bharti (2010b) Masoodi et al., 

(2010), Sen et al., (2014), Subasinghe  et al., (2014), Vikram et al., (2016), and 

Verma et al. (2017) are mentionable. 

It has been suggested that most of the adult individuals from India were 

affected by different grades of under nourishment of CED (James et al., 1999). It 
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was reported that a high proportion of them (49%) suffer from different grades of 

CED (Naidu and RAO, 1994). In a significant study among the War Khari rural 

Meghalaya, Khongsdier (2002) reported that 35% of them were suffering from CED. 

In another important study involving 81,712 rural wamer from 26 states and zones, 

Bharati et al., (2007) reported that 31.20% of them were suffering from CED.  

Studies done in the different areas of biological anthropology, including 

nutritional assessment among the different populations of North Bengal. 

 There are only a handful of studies in the areas of biological 

anthropology including nutritional assessment studies, in North Bengal. One of the 

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

North Bengal was that of Sarkar (1969) who observed variations in certain 

dermatoglyphic variables among some caste and tribal populations of Jalpaiguri 

district. Later on dermatoglyphic studies were done among the Oraon and the Munda 

migrated to North Bengal (Sarkar. 1971) and the Mech (Sarkar and Biswasting 

1972) of Jalpaiguri district. Notable studies have also been conducted on the 

dermatoglyphics patterns among the Rajbanshi by Sen and Mondal (2008) and Sen 

et al. (2011). Studies have also been undertaken in the areas of blood genetic 

markers (Saha et al. 1988). mitochondrial-DNA Chakrabarti el al. 2002) and HLA 

(Debnath and Chaudhuri, 2006). Sen and Ghosh (2008) and Sen et al., (2011) 

reported the estimation of stature and sex utilizing the foot dimensions of the 

Rajbanshi individuals of North Bengal respectively. Recent studies include that of 

Dorjee at al. (2015) on dermatoglyphics, Sen et al. (2015) on stature estimation, and 

Mondal et al. (2018) on low birth weight. In this context of nutritional assessment, 

the studies done by Mittal and Srivastava (2006) and Banik et al. (2007) among 

Dhimals respectively may be cited. A study has shown that the prevalence of under 

nutrition among children belonging to three communities of the region to be very 
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high (Mondal and Sen, 2010a). Under nutrition has been also documented among 

adolescent boys and girls of the region (Mondal and Sen, 2010b). A study has also 

been done to assess nutritional status of children using upper arm composition by 

Sen et al. (2011). In another recent study, Sen et al. (2012) have focused on the 

socio-economic and demographic factors that are associated the CIAF. Another 

study has reported that mothers having a lower nutritional status have a greater 

chance of giving birth to infants with low birth weight (Sen et al., 2010).  

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

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

the Mech can be cited. Other notable studies on effects of certain socioeconomic, 

sociodemographic and lifestyle factors on the prevalence of under nutrition among 

pre-school children (Tigga et al., 2016, Tigga et al., 2015a, Tigga et al.,2015b). Very 

recent study among Bengali Muslim population has been published by Tigga et al. 

2018. 

Studies done on mother and child nutritional status using anthropometry 

Maternal and child under nutrition is highly prevalent in low-income and 

middle-income countries, resulting in substantial increases in mortality and overall 

disease burden (Nagesh et al., 2005). Studies suggested that a child's nutritional 

status, as indicated by weight for age (as a percentage of NCHS median), was 

associated with the BMI of the mother, socio-economic status of the family and 

breastfeeding status of the child in a multivariate analysis after adjusting for several 

prognostic factors (Rahman et al., 1993). Under nutrition among children has been 

routinely assessed using the technique of anthropometry. Recent studies include 

those of Gashu et al., (2016), Murakami and Livingstone (2016), Sinharoy et al. 

(2016) and Zhang et al.(2016). Maternal malnutrition is a major predisposing factor 

for morbidity and mortality among women of the developing countries. The causes 
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include inadequate food intake, poor nutritional quality of diets, frequent infections, 

and short inter pregnancy intervals. Theconsequences of poor maternal nutritional 

status are reflected in low pregnancy weight gain and high infant and maternal 

morbidity and mortality. It was observed by Goudet et al., (2011) that maternal 

nutritional status remains an important determinant of child health and nutritional 

status. As a result, one of the major aims of nutritional research is to understand the 

relationship between maternal and child nutritional status using anthropometry 

(Gewa et al., 2012). Recent studies have shown that maternal nutritional status was 

related to several adverse outcomes in the offspring that also included nutritional 

outcomes among the latter (Subramanian et al., 2009, Addo 2013). Studies have 

shown maternal BMI to be closely associated with child nutritional status (Rachmi et 

al., 2016). Maternal underweight was another significant factor involved (Corsi et 

al., 2016). Maternal nutritional status has also an important role to play in birth 

weight of infants (Mohammad et al., 2014). Hence, studies indicate that maternal 

nutritional status is a proimate determinant of child’s nutritional status and should 

and should be considered in programmers aiming at improving child health.  

Nutritional Intervention Programs in India 

The Indian government gradually comprehended the seriousness of the 

problems, causes and effects of under nutrition, primarily among children. A number 

of nutritional intervention programs were subsequently launched to eradicate under 

nutrition.  These programs are as follows:  

a) Integrated Child Development Services Scheme (ICDS) 

b) Mid-day Meal Program (MDM)  

c) Special Nutrition Programs (SNP)  

d) Wheat Based Nutrition Programs (WNP) 

e) Applied Nutrition Programs (ANP) 
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f) Balwadi Nutrition Program (WNP);  

g) National Anemia Prophylaxis Program (NNAP) 

h) National Program for the Prevention of Blindness due to Vitamin A 

Deficiency 

i) National Goiter Control Program (NGCP)  

The Integrated Child Development Scheme 

The Integrated Child Development Scheme (ICDS) was launched on 2nd 

October 1975 as an experimental project in 29 rural and tribal blocks and 4 urban 

slums. The importance of the ICDS is the fact that this was the first and probably the 

only program in the country that was aimed at the holistic development of an 

individual (Kapil and Pradhan, 1999). The impact of the scheme was analyzed to 

determine the impact of the coordinated approach of delivering health and nutrition 

services during the period from 1976-1980 (Tandon, 1983). The project was 

observed to be successful in part of a primary health care package. This integrated 

approach to nutrition was the impetus for a substantial decrease in malnutrition 

among preschool children (Tandon, 1989).  

The ICDS is the largest national program for the promotion and development 

of the health of the mother and child (Kapil and Pradhan, 1999). However, the 

practice of providing supplementary nutrition to these beneficiaries continues to be a 

debatable issue whenever this program is discussed in different forums (Tandon and 

Kapil, 1998). The ICDS scheme now includes preschool children, pregnant and 

lactating mothers and women in the age Group 15 years to 44 years (Kapil et al. 

1992). The package of services provided by the ICDS scheme includes 

immunization, periodical health check-ups, referral services, nutrition and health 

education, preschool education and supplementary nutrition (Kapil and Pradhan, 

1999). The scheme services are rendered essentially through the “Anganwadi” 
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worker at the village centers called “Aganwadi”. Health and nutritional education 

appears to be the weakest link in the ICDS scheme (Lal, 1993). The persistent high 

levels of child under nutrition in India are the consequence of a complex interaction 

of basic, underlying and immediate factors. While any single nutritional intervention 

cannot address such a complexity of determinants, the package of services provided 

by ICDS is well-suited to addressing the immediate causes of under nutrition, 

namely, inadequate dietary intake and childhood infection.  

However, the ICDS scheme is seen to have some disadvantages (Gragnolati 

et al., 2006). These are as follows:  

a) Although the design of the scheme recognizes the multidimensional 

determinants of under nutrition, too much emphasis is currently being given to 

enhancing food security through the supplementary nutrition program. Not enough 

attention is given to other interventions that can be most effective in improving 

children’s nutritional outcomes, often at lower cost.  

b) Service delivery is not sufficiently focused on the youngest children 

(under 3 years), who can potentially benefit the most from ICDS interventions. In 

addition, children from wealthier households are more likely to participate in the 

program than children from poorer households. 

c) The poorest states and those with the highest levels of under nutrition still 

have much lower levels of program funding and coverage than other states, despite 

expansion of the program into many under-served areas during the 1990s. 

Why study ICDS children? 

The pre-school age is the most vulnerable and critical Phase in the overall 

development of an individual, so children up to 6 years from the target Group. 

Written records and art work indicating the earliest concern in the biology of 

children was prime interest with preservation of life. All this meant that all human 
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societies must coverage on basic strategies for the care and feeding of their young. 

The early civilizations also showed caution concern for measurement of children and 

youth’s body. As the child’s health and nutritional status is affected to a large extent 

by the mother’s health status during pregnancy and lactation as well as by the 

attention and care given by the mother during childhood, women in the reproductive 

age (15-45 years) are also included in the programmer with special attention to the 

nutritional and health needs of pregnant and lactating mothers. Even though the 

minimum legal age of marriage for women is 18 years, incidence of teenage 

pregnancy (below 18 years) is still quite significant in India (NFHS survey I, II and 

III).  

For different services the target Groups are: a. For Supplementary Nutrition, 

Immunization, Health Check-ups and Referral services, the target Group is children 

below 6 years and pregnant and lactating mothers. b. For Pre-school education, the 

target Group is children of 3-6 years. For Nutrition and Health Education, the target 

Group is women of the age Group 15-45 years.  

There is evidence to show that ICDS is not having any significant impact on 

infant malnutrition, for the following reasons:  

1.  It is not reaching enough children. The Anganwadi Centre (AWC) is 

likely to be located in the richer part of the village; it may be out of reach 

for the vulnerable children of poorer households and those living in 

remote areas and also tea garden area.  

2.  Even when the older children have access to the AWC, the program does 

not focus on the critical under 3 years age Group, the age window during 

which nutrition interventions can have the most effect. Malnutrition 

among children occurs almost entirely during first two years of life and is 
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virtually irreversible after that. Obviously, it tremendously impacts 

development such outcomes (like: cognitive development, intelligence, 

strength, energy and productivity). For this the loss of social capital is 

tremendous, even amongst the survivors.  

3.  25% of India’s districts are responsible for more than 50% of 

malnourished children, and these districts are mostly located in the poorer 

states. Yet, the poorest states and those with the highest levels of under 

nutrition have the lowest levels of program funding, supervisory staff, 

capacity to utilize funds and monitor progress, resulting in poor outcomes.  

4. Child malnutrition is mostly the result of high levels of exposure to 

infection and inappropriate infant caring practices, and has its origins 

almost entirely during the first two years of life. To prevent a recurrence 

and to overcome the effects of chronic malnutrition, these children need 

extra attention both during the early rehabilitation Phase and over the 

longer term. However, there is no scheme in any of the states (except a 

few pilot ones supported by UNICEF) for rehabilitation of severely 

malnourished children under medical attention.  

5. the most important pre-condition for success of the ICDS programmer is 

the adequacy of infrastructure of AWC. ICDS also faces substantial 

operational challenges, such as lack of monitoring. For instance, growth 

monitoring activities are hampered by poor access to appropriate 

equipment, such as weighing scales, growth cards and wall or book charts. 

Often the equipment is nominally present, but not of sufficient quantity or 

quality. Even in AWCs with scales that are in working condition, many 

AWWs fail to weigh young children (under three) every month (as ICDS 
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guidelines stipulate). Even with regular weighing, growth monitoring is 

effective only if accompanied by communication for behavior change that 

results in the improved growth of the malnourished child.  

6. ICDS suffers from food bias. This is evident in the time usage of the 

AWWs. They spend most of their time in supplemental nutrition-related 

activities or on preschool education, or on routine filling up of registers 

and reports, which does not leave much time for other important ICDS 

activities such as growth-promotion, health and nutrition education, home 

visits, referral services and meeting with the community. 

7. Despite the large share of resources devoted to it, the supplemental 

nutrition programmer (SNP) performs rather poorly. There are large gaps 

in distribution, often the food is not attractive or suitable and there is 

evidence of misappropriation.  

1.7 Statement of the problem 

The knowledge of the nutritional status of a population is necessary to have a 

comprehensive idea about the development process. This is primarily because under 

nutrition is one of the major health problems in the developing countries; Hence, the 

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

From the forgoing paragraphs, it is apparent that the nutritional status of 

Indian populations is observed to be very poor. There is an existence of high 

prevalence of under nutrition in all segments of population. 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 longitudinal study done earlier to document the 

nutritional status of an ethnic population of North Bengal using these parameters. So 
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the present study also bears importance from the methodological point of view. The 

present study also focuses on the socio-economic and demographic values that can 

affect nutritional status.  

1.8 Objectives of the present study 

On the basis of the above reasons the present longitudinal study focuses on 

ICDS covered children and their mothers.  

Given the role being played by the ICDS scheme, there appears to be a need 

to evaluate the nutritional status of children frequenting the ICDS centers to 

determine whether they continue to experience low nutritional status. Lower 

prevalence of stunting, underweight and wasting with the passage of time would 

imply that the supplementary nutrition being administrated to the children was 

effective in reducing under nutrition. However, very few such investigations have 

been done in India in this issue (Bhasin et al., 2001). In such Cases, the need of the 

hour is conducting longitudinal studies. Most of the studies cited earlier were 

basically cross-sectional studies and therefore, could not gauge the changes in 

nutritional status among the individuals over time.   

The present study attempts to assess the prevalence of under nutrition among 

children in the age Group (12 months to 60 months) who are covered by the ICDS 

scheme, and their mothers. The study is designed to be a longitudinal study so as to 

document the changes in nutritional status over time, if any, among the children and 

their mothers. This Group comprises the ‘Case Group’ and shall be compared with a 

‘Control Group’. 

The nutritional supplementation being administered in the ICDS scheme to 

the children will act as the intervention necessary to ameliorate the prevalence of 

under nutrition and will reduce the dual nutritional burden of the children and their 

mothers.    
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Aims of the present study 

The aims of the present study are briefly enumerated below:  

a) To assess the prevalence of under nutrition among the children over a 

period of one year (longitudinal). 

b) To compare the prevalence of under nutrition of the children of the Case 

Group and the Control Group.    

c) To analyze the effects of different demographic and socio-economic 

variables on the prevalence of under nutrition among the children. 

Applied aspects of the present study 

In the field and clinical situations, anthropometric measurements and indices 

play major roles in the assessment of the nutritional status of a population mainly 

because the technique is non-invasive and inexpensive in nature (WHO, 1995). Due 

to its immense population size, socio-economic disparities, illiteracy and inadequate 

access to health facilities the Indian populations are undernourished and 

underprivileged. The scenario is similar in North Bengal. As a result, assessment of 

nutritional status of the children in the present study has the potential to play a 

significant role in formulating developmental strategies for this target Group. This 

study will also provide an insight into the magnitude of under nutrition among the 

target population and the implementation of health intervention strategies. The role 

of the ICDS scheme in the prevalence of under nutrition can also be understood. 

Being a longitudinal study, the study has the potential to highlight the effects of the 

ICDS supplementation programmer on the children and their mothers. 

 

 

 

 


