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ABSTRACT: Childhood phase is a very crucial phase during which body growth and 

development occurs along with cognitive and behavioural skills. Shift from healthy habits 

leads to overall deterioration of the body which affects the physiological process of the body. 

Under-nutrition, over-nutrition, micronutrient deficiencies and diseases related to 

malnutrition are a common concern among children under-five years of age (pre-school 

children). Trends show that both low and high socio-economic conditions equally contribute 

to malnutrition. Incidences of overweight and obesity have increased along with underweight 

primarily due to unhealthy consumption of junk food and inactivity towards physical exercise 

among pre-school children. Overweight during childhood shows high associations with 

diseases like type 2 diabetes, cardiovascular diseases, neurological disorders and emotional 

stress, whose effects continues during later phases of life. Deficiencies in vitamins and 

minerals give rise to various diseases which may result in morbidity and mortality. The 

present paper deals with malnutrition (under-nutrition and over-nutrition), micronutrient 

deficiencies, diseases, programmes implemented and recommendations among pre-school 

children (children aged under-five years) in India. 
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INTRODUCTION 

The very word, ‘malnutrition’ is being used to refer to both excess and deficiencies in 

nutrition resulting in imbalances faced by both children and adolescents. This very phase of 

growth and development coincides with the intake of nutrients which is mostly available 

through food intake. The dietary nutritional intake cause changes in lifestyles which are 

results of the changes in socio-economic, epidemiological and demographic patterns (Popkin 

2002; Subramanian et al.2007; Debnath et al.2019). 

 Malnutrition includes under-nutrition (stunting, wasting and underweight), micronutrient 

deficiencies (insufficient and overweight), overweight, obesity and diet related 

communicable diseases. Malnutrition among children is now recognized as a major problem 

worldwide in both the developed and developed countries. Sedentary lifestyles coupled with 

intake of high calorie foods in these countries lead to overweight which subsequently results 

in obesity. It is now being observed that both underweight and overweight are persisting 

among populations of the developing countries such as India. This is termed as a “Double 

Burden of Malnutrition” and is observed to occur comparatively at all levels, be it household, 

national and community levels (Doak et al. 2005).A major nutritionally affected group are 

pre-school children (children aged under-five years). Malnutrition among them affects their 

psychological, cognitive, physical, behavioural and thinking skills which causes a rise in 

morbidity and mortality. 

Under-nutrition which includes stunting, wasting and micronutrient deficiencies contributes 

to nearly half of all deaths among pre-school children which are mainly attributed to various 

diseases such as anaemia and blindness (Maleta 2006). This in turn increases the severities 

and also results in delays in recovery (UNICEF 2020).In the recent times it has been 

estimated that prevalence of stunting have declined from 199.5 million to 144.0 million 

between 2000 to 2019 and this accounts to a global decrease from 32.4% to 21.3% per 

decade. However, in west and central Africa stunting have increased from 22.4% to 29.0%. 

Wasting and severe wasting have been reported to be 6.9% and 2.1% globally whereas 

highest prevalence of wasting prevails in the countries of south Asia (UNICEF 2020). 

Over-nutrition which encompasses both overweight and obesity mainly results in the intake 

of high energy and fat rich foods with sedentary lifestyles which no doubt excludes physical 

exercises. The unhealthy food habits which also include consumption of excess sugar 

containing carbohydrates arealso principal causes of obesity (Astrup et al. 2008). Obesity 

outcomes lead to various chronic diseases such as certain types of cancers, hypertension, type 

2 diabetes, diseases related to the cardiovascular system and arteriosclerosis (WHO 1990; 

Popkin et al. 2012; Mondal and Sen 2014). Overweight seems to increase significantly at 

alarming rates in North America during the period from 2000 to 2019. Around 38.3 million 

pre-school children seemed to be overweight globally compared to 30.3 million children to be 

overweight in the year 2000(UNICEF 2020). 

The literature search in relation to the effects of malnutrition among pre-school children 

revealed that under-nutrition which encompasses stunting, underweight and wasting is highly 
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prevalent among them. This has some important ramifications as childhood malnutrition is 

observed to affect the overall development of the growing child including both physiological 

and physical development (Victoria et al. 2008, 2010). This is because this phase remains the 

most crucial phase just before the period of adolescence. Deficiencies in micronutrients or its 

excesses have the potential to lead to various health problems that can culminate in mortality 

and morbidity. Studies have shown the absence of micronutrients like vitamin A among pre-

school children increases risks of diarrhoea and morbidity for infection in respiratory tract 

(Sommer et al. 1984; Dibley et al. 1992; Standsfield et al. 1993; Bhandari et al. 1994) and 

measles (Barclay et al. 1987). Iron deficiency which causes diseases like anemia too has the 

highest incidence among such children (Kotecha 2011). Zinc deficiency triggers stunting 

among children by harming the immune system, physical development and decreasing 

cognitive developmental skill (Chandra and Ray 2002; Rao et al. 2016). Interventions are 

being received for children with acute malnutrition in the form of change in feeding habits 

and “therapeutic” home-made food with high protein and calories to meet basic requirements 

(Schoonees et al. 2019) along with powders consisting multiple micronutrients(Rao et al. 

2016; Larson et al. 2017). As a matter of fact, pre-school children are prone to high 

deficiencies in iron, zinc, folic acid, vitamin A, vitamin B12, and vitamin D (Nasreddine et 

al. 2018).  

ISSUES RELATED TO MALNUTRITION AMONG INDIAN PRE-SCHOOL 

CHILDREN 

The major health problem in India is malnutrition whose prevalence is seen to be the highest 

among pre-school children (World Bank 2014). Under-nutrition shows highest incidence 

among such children in this country (Khor 2008; Ahmed et al. 2012). Malnutrition is also 

directly related to the amounts of micronutrients which comprises of both vitamins and 

minerals present in the body. The Sustainable Development Goals (SDGs) aim to reduce 

under-nutrition by reducing mortality and morbidity among children. It has been promised by 

the Government of India to achieve these goals by the year 2030. Lower nutritional 

availability for pre-school children shows adverse effects on health both during the 

adolescent and the adult phases of life. Importantly, nutritional status during the pre-school 

stage also determines growth and development of the child starting from juvenile phase 

through reproductive phase to senescence phase of life. 

The crisis of malnutrition in India is such that it accounts to more than three out of every ten 

stunted children in the world. The Global Nutrition Report (2018) states that 46.6 million 

children out of 150.8 million children in the world remained stunted, 25.5 million out of 50.5 

million children globally were wasted and more than a million children were overweight. The 

incidence of malnutrition in India in comparison to the global data is depicted in Figure 1. 
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Figure1: Incidence of malnutrition in India in comparison to the global data (Source: Global 

Nutrition Report 2018) 

Deaths among pre-school children due to malnutrition have been estimated to be 69%.Deaths 

due to stunting were 35%, wasting 17% and overweight 2% (UNICEF2019).The prevalence 

of malnutrition in the country is graphically represented in Figure 2. 

The recent survey data of NFHS-4 (National Family Health Survey-4) has documented 

35.7% underweight and 38.4% stunting among pre-school children all over India. Studies 

have also documented that under-nutrition in the form of wasting to be around 21% and over-

nutrition in the form of overweight to be approximately 2% (Debnath and Bhattacharjee 

2016; Hemalatha et al. 2018; Mondal et al. 2018). Gender differences were not pronounced 

as the data showed similar results among both boys and girls. Rural areas showed higher 

incidences of stunting than urban areas. State-wise prevalence of stunting indicated that the 

state of Bihar had the highest incidence (48%) followed by Uttar Pradesh(46%),Jharkhand 

and Meghalaya(44%).Jharkhand remains the only state which exhibited the critical condition 

of both wasting (29%) and underweight(48%) along with stunting(45%). Prevalence of 

stunting among pre-school children in India is graphically represented in Figure 3. 
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Figure 2: Prevalence of malnutrition among pre-school children in India (Source: 

NHFS -4,2015-16) 

 

 

Figure 3: Prevalence of stunting among pre-school children in India (Source: NHFS-4, 

2015-16) 

The NHFS-4 data has divided anemia into mild, moderate and severe. It was subsequently 

observed that 59% of the pre-school children were affected by anemia. This was sub-divided 

into mild anemia (28%), moderate(29%) and severe(2%) (Table 1).The prevalence of anemia 
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tended to be highest in Haryana (72%) followed by Jharkhand (70%) and Madhya Pradesh 

(69%). It has been reported that inadequate iron supplement to children leading to anemia 

condition imbalances body coordination in relation to physical and mental health thus giving 

rise to various chronic infections and cognitive defects (Kotecha, 2011). Pre-school children 

have also been shown to be more vulnerable to deaths due to different micronutrient 

deficiencies such as iron, iodine, zinc, vitamin-A and folic acid deficiencies (Kotecha 2008). 

Table 1: Prevalence of anemia among pre-school children based on NHFS-4 data  

(2015-16) 

Category Percentage 

Mild anemia 28 

Moderate anemia 29 

Severe anemia 2 

Total 59 

 

The study of Priyanka et al. (2016) which consists 360 such children of both genders showed 

28.3% of them to be underweight and 14% to be stunted. This study also documented a 

higher prevalence of both underweight and stunting among girls than boys. Chronic under-

nutrition among children aged between six months to fifty nine months was reported by Corsi 

et al. (2016). Urban residing pre-school children in Maharashtra showed 16% wasting and 

38.15% underweight which were associated with a number of socio-economic factors 

(Purohit et al. 2017). The same study observed that highest incidence of stunting (40.46%) 

was associated with family type, family size, education availability, birthweight and birth 

order. Children from high income families showed high prevalence of stunting and wasting 

(27% and 13%)as reported by Gupta and Kapil (2017). Very recently a community-based 

longitudinal study was conducted among tribal children aged below three years to observe 

severe acute malnutrition. The study had a sample of 179 children and it was observed that 

78% of the children improved the severity whereas 37% were considered normal which were 

considerably good (Prasad et al. 2017). Sachdev et al. (2017) examined severely wasting 

recovery to survival period among pre-school children in Meerut District, Uttar Pradesh and 

showed that 2.7% to be dead and severely low wasting 25%-2.7% whereas 25%-30% were 

back to normal. Under-nutrition was also reported from pre-school children in Yavatmal 

district by Ambadekar and Zodpey (2017) and Delhi by Mathur et al. (2018). Borkotoky et al. 

(2018) related stunting, wasting as well as underweight with socio-economic factors that 

directly diversify the food habits both at community and state levels. Ansuya et al. (2018) 

correlated underweight to socio-economic and environmental factors in their study among 

preschool children in Karnataka.  Tribal children from Palghar, Maharashtra aged between 

one to six years were reported to be affected by high levels of stunting, wasting and 

underweight (59%,20% and 53%) respectively (Ghosh and Varerkar 2019). This study 
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further observed that although 32% were moderately stunted, severely stunted accounted for 

27%. Similarly 18% of the children were severely underweight and 4% severely wasted. Both 

genders showed almost equal prevalence of stunting and underweight but wasting 

outnumbered boys which were higher than girls (Ghosh and Varerkar 2019).Pre-school 

children of migrant workers showed 40.4% stunting, 22.1% wasting and 50.4% underweight 

(Ravindranath et al. 2019). A study from Bengaluru reported 41% under-nutrition with 48.5% 

stunting (George et al. 2019). A state and district level study among malnutrition was 

conducted by Varghese and Stein (2019). In a recent study, Singh et al. (2019) observed high 

stunting (38%) and underweight(35%). 

Birth order was also a very important factor which directly resulted in under-nutrition among 

such children (Mondal and Sen, 2010). Associations between feeding habits and stunting and 

wasting were reported from Mumbai pre-school children by Bentley et al. (2015). Chatterjee 

et al. (2016) in their study from Gumla, Jharkhand showed 54.3% of pre-school children to be 

underweight. Chaturvedi et al. (2018) reported high under-nutrition among children from 

Jharkhand (52% severely wasted and 83%underweight). Khan and Mohanty (2018) analyzed 

the NHFS-4 2015-16 data to relate mixed population and stunting, wasting and underweight 

children. Sarkar (2016) studied the socio-economic factors in relation to under-nutrition 

among pre-school children in Bankura district of West Bengal and reported that stunting was 

highest (51%) followed by underweight (41%) and finally wasting (22%). Bengali pre-school 

children had a high incidence of underweight (51.07%) and wasting (35.37%) which was 

seen to be comparatively higher than stunting (26.22%) (Girietal.2017).A community based 

study among 311 Santhal pre-school children in West Bengal showed 47.9% stunting, 23.5% 

underweight and 13.2% wasting (Mahapatra et al. 2019). 

OVER-NUTRITION (OVERWEIGHT AND OBESITY) AMONG INDIAN PRE-

SCHOOL CHILDREN 

Over-nutrition comprises dietary habits related to overweight and obesity which is observed 

mainly among pre-school children due to faulty eating habits, lack of physical exercise which 

definitely leads to a very inactive lifestyle. Rise in income among individuals shows positive 

relation with sedentary living styles (Wang et al. 2009; Popkin et al. 2012; Rengma et al. 

2015; Debnath et al. 2019). Studies show that prevalence of obesity was much higher among 

urban residing pre-school children due to the improper intake of high calorie diet (Popkin 

1998; Wang et al. 2002). It has been reported that healthy children were more prone to be 

overweight and obese (Khadilkar et al. 2011). Increases in both overweight and obesity was 

observed among low as well as high income families (Ranjani et al. 2016) which was 

primarily related to the change to better lifestyle and also improvement in socio-economic 

and demographic conditions. A recent study has reported that the number of sibling in a 

particular family with all other related socio-economic factors were associated with 

abdominal adiposity among urban children (Kuriyan et al. 2018). Dandona (2019) observed 

that the prevalence of overweight among pre-school children increased from 2010 to 2017. 

Overweight among pre-school children showed relation with mothers who rather tended to be 

overweight (Harding et al. 2019). 
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MICRONUTRIENTS DEFICIENCIES/EXCESS (VITAMINS AND MINERALS) 

AMONG CHILDREN PRE-SCHOOL CHILDREN 

Micronutrient comes from the words “micro” meaning ”small” and includes vitamins and 

minerals required for human body in trace amounts. Often they are also referred to as “trace 

elements”. Micronutrient deficiencies are an area of serious concern forpre-school children as 

they remain vulnerable to death due to deficiency of such nutrients (e.g., vitamin-A, vitamin-

B12, iodine, calcium, iron and zinc). Micronutrients in excess or deficit amounts are directly 

associated with malnutrition (Gonmei and Toteja 2018). Micronutrient deficiency is also 

closed associated with underweight, stunting and wasting (Imdad and Bhutta 2012). Non-

availability or low quantity of vitamins in the body like vitamin-B12 leads to delay in growth 

and development (Green et al. 2017). The cognitive skill and physical activities also 

decreases (Swaminathan et al. 2013). Neurological problems arise when malabsorption 

occurs by decreasing the intake capacity of the body. Deficiency in vitamin B12 among 

mothers also shows deficiency among infants and young children by affecting their 

neurological and physiological process (Anand et al. 2018). Besides causing anemia, iron 

deficiency among children disturbs the development of cognitive and physiological skills 

(Swaminathan et al. 2013). These, in turn, disturbs the state of mind where attention lapses 

increase with distracting behaviour with few defects like dysphagia, diminishes function of 

cerebral hemisphere (Bharadva et al.2019). Vitamin-A which includes mainly retinol and 

retinal compounds adversely affect children in excess or in deficit amounts. Excess of this 

vitamin leads to various problems such as nausea, anorexia and many more whereas 

deficiency leads to problems related to eye and uro-genital infections The NHFS-4 data 

observed that pre-school children receiving vitamin-A has increased to 60.2% in 2015-16. 

Arlappa et al. (2010, 2011a, 2011b) documented deficiencies in micronutrients among rural 

pre-school children of West Bengal and Madhya Pradesh. A community based study in eight 

states by Laxmaiah et al. (2013) reported high vitamin-A deficiency, Bitot’s spot and iron 

deficiency among schedule caste and schedule tribal pre-school children. Zinc is another very 

important for normal growth of body. Studies has indicated that psychological development 

was directly related to zinc availability (Kodkany et al. 2013). Prevalence of vitamin-A 

deficiency was observed to be 2.49% (overall) from a study in Meghalaya (Nongrum and 

Kharkongor 2015). Samndeeswary et al. (2016) observed a 20% deficiency in iodine and 

25% in vitamin-A. Micronutrient deficiencies were also reported from pre-school children 

from Nagaland (Longvah et al. 2017). Zinc bio-fortified wheat has helped to lessen morbidity 

among pre-school children (Sazawal et al. 2018). Very recently Houghton et al. (2019) 

assessed micronutrient status among children aged two years from New Delhi and observed 

that 74% exhibited vitamin-D deficiency, 37% folate deficiency, 29% vitamin-B12 

deficiency, 25% zinc deficiency and 17% vitamin-A deficiency. 

MALNUTRITION AND DISEASES AMONG INDIAN PRE-SCHOOL CHILDREN  

The Comprehensive National Nutrition Survey (CNNS) documented anemia among pre-

school children. It was reported that 41% of them were anemic which was directly related to 

stunt growth at about 34.7%, 33.4% underweight and wasting 17.3%. In another study, 

among pre-school children by Samundeeswary et al. (2016) reported that 40% of the children 
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were anemic. A recent study among the Chakhesang tribe of Nagaland showed prevalence of 

anemia to be 26% which was related with underweight (14%), stunting (22%) and wasting 

(7%) among 661 pre-school children (Longvah et al. 2017). The NHFS-4 data observed that 

58.4%of pre-school children exhibited high prevalence of anemia and that a high percentage 

of expecting mothers and women bearing children who breastfeed as well as adolescents 

were observed to be anemic (Toteja et al. 2006; Gonmei and Toteja 2018). It has been 

observed by Gosdin et al. (2018) that anemia and stunting were also closely related. A study 

in Bihar consisting of 5,664 children reported the overall prevalence of anemia and stunting 

to be 21.5%. Diseases related to respiratory function was 22.6% and diarrhoea was 13.3% 

(Dandona 2019). In another recent study, Gope et al. (2019) observed that children aged 

below three years remained very much prone to mixed dietary habits which cause under-

nutrition resulting in diarrhoea and malaria like diseases. Iron deficiency was observed the 

highest, which cause anemia of about 86%-93% among children aged two years from New 

Delhi (Houghton et al.2019).  

PROGRAMMES IMPLEMENTED BY THE GOVERNMENT TO ERADICATE 

CHILD MALNUTRITIION 

The National Nutrition Mission (Rashtriya Poshan Mission) was launched in 2017-18 by the 

Ministry of Health and Family, Government of India. Other such schemes to overcome 

malnutrition among pre-school children include Home Based Care for Young Child, Anemia 

Mukth Bharat, Defeat Diarrhoea Initiative, Intensified Mission Indradhanush 2.0 and 

National Deworming (Dandona 2019). 

The government had taken serious steps for implementing various policies, programmes and 

intervention to eradicate malnutrition among pre-school children as much as possible. The 

Infant and Young Child Feeding (Bharadva et al. 2019) guidelines has recently focussed on 

the Poshan Abhiyaan in creating awareness for better nutrition thus to overcome malnutrition 

among infant and young children. Insufficient food quality is the ultimate cause of 

malnutrition (Chellaiyan et al. 2020). The implementation of Poshan Abhiyaan has made 

little success by reducing stunting, underweight and low birth weight by 2% per year whereas 

anaemia has decreased by 3%. Underweight among pre-school children is related with 

intestinal worms which results in death which in turn is monitored by Integrated Child 

Development Services (Awasti et al. 2013). The Kuposhan Mukt Bharat which is 

malnutrition-free India by 2022 programme is another significant programme. The list of 

such programmes is outlined in Table 2. 
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Table 2: Programmes implemented by the Government of India to eradicate child 

malnutrition 

Sl. 

No. 

Nutritional programme Focus Beneficiary 

1. Integrated Child Development 

Scheme (ICDS) 1975 

The programme aims to better 

the nutritional status related to 

malnutrition and health 

opportunities (mortality and 

morbidity) among infants, 

children below six years and 

expecting and lactating mothers. 

 

Infants, children 

below six years, 

pregnant and 

lactating women 

 

2. Special Nutritional Programme 

1970-1971 

The programme entangles in 

improvement of nutritional 

status among pre-school 

children, expecting and lactating 

mothers by providing 

supplementary nutrition feeding 

habits and health services. 

 

Pre-school 

children, 

lactating and 

expecting 

mothers 

3. National Nutritional Anemia 

Prophylaxis Programme(1970) 

 

Maternal and Child Health 

(MCH) Division of Ministry of 

Health and Family Welfare have 

implemented the programme for 

both mothers and their children 

of age group one to five years to 

prevent nutritional anemia by 

intake of required amount of 

iodine and folic acid. 

Mothers and 

their children of 

age group one 

to five years 

4. National Iodine Deficiency 

Disorders Control Programme 

(1962, 1992) 

This programme aims to 

increase the usage of iodised  

salts so to eradicate goitre 

 

Children, 

pregnant and 

lactating women 

5. Applied nutritional Programme 

(1960; Orissa and Andhra 

Pradesh, 1961: Tamil Nadu, 

1962: Uttar Pradesh, 1973: all 

states 

Nutritional and protective food  

is provided to  children aged 

between two to six, breast-

feeding and expecting mothers 

Children aged 

between two to 

six, breast-

feeding and 

expecting 

mothers 

6. Vitamin-A Prophylaxis This programme aims to 

decrease the deficiency of 

Children aged 

six months to 
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Programme (1970) vitamin-A among children aged 

six months to six years 

six years 

7. Balwadi Nutrition Programme 

(1970 

Children aged between three to 

six years of age are provided 

with supplementary nutrition 

(three hundred calories and 

fifteen grams of protein grams) 

for 250 days. 

Children aged 

three to six 

years 

 

CONCLUSION 

Food habits, the transition from healthy to junk food is increasing at alarming rate which 

further is lowering body’s capacity to fight with various infections and diseases .This shift in 

food patterns also causes change in balance diet which either in excess or in deficiency 

directly results in malnutrition including both under nutrition and over nutrition. 

Micronutrients and malnutrition are very much related to one another as they are the main 

cause of global burden which hampers the public health to a great extent. Deficiencies impair 

multi-development skills of the body in relation to cognitive, behaviour, physical, emotional 

and physiological skills. Causes of malnutrition and its associated factors should be studied in 

depth among pre-school children by government and private sectors. Government 

interventions if properly implemented then SDGs 2030 goal can be easily achieved. Lastly 

areas of research on malnutrition among pre-school should be moreover encouraged for better 

understanding the consequences and working upon it. 

RECOMMENDATIONS 

Malnutrition is now a very important public health issue strongly related to nutrient intake. 

Imbalance in consumption of healthy foods, non-availability of foods as well as unhealthy 

dietary habits are the main cause of malnutrition whose prevalence can be asses only by 

determining the nutritional status. The present paper has discussed underweight, overweight, 

micronutrient deficiencies and diseases related to malnutrition among pre-school children 

(children aged under-five years of age). The following recommendations can be looked upon: 

 Counsellors in different local areas should be assigned by health services to conduct 

counselling of mothers of pre-school through home visit regarding issues related to 

malnutrition. 

 Health centres should built crèches and ask the Anganwadi workers to look after the 

children’s nutritional requirements and work accordingly. 

 The government should frequently organize awareness camps so as to dissipate 

knowledge about healthy feeding habits, importance of physical activities, proper 

hygiene and safe drinking  water, infant and childhood diseases which affect later in 

adult phase of life. 
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 People residing in many remote areas are unaware about the government policies and 

interventions programmes. The governmental agencies should make spread awareness 

for the well-being of the communities living there. 

 Eradication of malnutrition can be only possible if feeding habits are improved. Food 

containing supplements and micronutrients such as iodine, iron and vitamin-A should 

be made cost effective. These may also be provided free of cost to the pre-school 

children at regular intervals. 

 Screening of pre-school children for various diseases should be implemented and 

appropriate treatment should be made by providing necessary action without any 

delay. 

Conflict of interest: The authors report no conflict of interest. The authors alone are 

responsible for the writing content of the paper. 

Acknowledgement: The authors gratefully acknowledge the help of the Department of 

Anthropology, University of North Bengal. 

REFERENCES 

Ahmed T, Hossain M, Sanin KI. 2012. Global burden of maternal and child under nutrition 

and micronutrient deficiencies. Ann Nutr Metb 61: 8-17. 

Ambadekar NN, Zodpey SP. 2017. Risk factors for severe acute malnutrition in under-five 

children: a case-control study in a rural part of India. Public Health 142:136-143. 

Anand S, Thomas S, Jayachandra M, Thomas T, Strand TA, Kurpad AV, Duggan CP, 

Srinivasan K. 2019. Effects of maternal B12 supplementation on Neurophysiological 

outcomes in children: a study protocol for an extended follow-up from a placebo 

randomized control trait in Bangalore, India. BMJ Open9:e024426. 

Ansuya , Nayak BS, Unnikrishnan B, George A, Shashidhara YN, Mundkur SC, Guddattu V. 

2018. Risk factors for malnutrition among pre-school children in rural Karnataka: a case- 

control study. BMC Public Health18:283. 

Arlappa N, Balakrishna N, Laxmaiah A, Raghu P, Rao VV, Nair KM, Brahmam GNV. 2010. 

Prevalence of vitamin A deficiency and its determinants among the rural pre-school 

children of Madhya Pradesh, India.Ann Hum Biol  38:131-136. 

Arlappa N, Balakrishna N, Laxmaiah A, Nair KM, Brahmam GN. 2011a. Prevalence of 

clinicl and sub-clinical vitamin A deficiency among pre-school children of West Bengal, 

India. Indian Pediatr 48(1):47-49. 

Arlappa N, Laxmaiah A, Balakrishna N, Harikumar R, Kodavanti MR, Reddy CG. 2011b. 

Micronutrient deficiency disorders among the rural children of West Bengal. Ann Hum 

Biol 38(3):281-289.   

Astrup A, Dyerberg J, Selleck M, Stender S. 2008. Nutrition transition and its relationship to 

the development of obesity and related chronic diseases. Obes Rev 9:S48-S52. 



Human Biology Review (ISSN 2277 4424) 9(3) Bose and Sen (2020) pp. 219-237 

 

231 
 

Awasti S, Peto R, Read S, Richards SM, Pande V, Bundy D, DEVTA. 2013. Population 

deworming every 6 months with albendazole in 1 million pre-school children in north 

India: DEVTA, a cluster-randomised trial. Lancet 381(9876): 1478-1486. 

Barclay AJG, Foster A, Sommer A. 1987. Vitamin A supplements and mortality related to 

measles: a randomised clinical trait. BMJ 294:294-296. 

Bentley A, Das S, Alock G, More NS, Pantvaidya S, Orsin D. 2015. Malnutrition and infant 

and young child feeding in informal settlements in Mumbai, India: findings from a census. 

Food Sc Nutr 3:257-271. 

Bhandari N, Bhan MK, Sazawal S. 1994. Impact of massive dose of vitamin A given to pre-

school children with acute diarrhoea on subsequent respiratory and diarrhoeal 

morbidity.BMJ. 309:1404-1407. 

Bharadva K, Mishra S, Tiwari S, Yadav B, Deshmukh U, Elizabeth KE, Banapurmath CR. 

2019. Prevention of micronutrient deficiencies in young children: consensus statement 

from Infant and Young Child Feeding chapter of Indian Academy of Pediatrics. Indian 

Pediatr 56:577-586.  

Borkotoky K, Unisa S, Gupta AK. 2018. State-level dietary diversity as a contextual 

determinant of nutritional status of children in India: a multilevel approach. J Biosoc Sci 

50:26-52.  

Chandra AK, Ray I. 2002. Evaluation of the effectiveness of salt iodization status in Tripura, 

north-east India. Ind J Med 115:22-27. 

Chatterjee K, Sinha RK, Kundu AK, Shankar D, Gope R, Nair N, Tripathy PK. 2016. Social 

determinants of inequities in Under-nutrition (weight-for-age) among under-5 children: a 

cross sectional study in Gumla district of Jharkhand, India. Int J Equity Health15:104. 

Chaturvedi A, Patwari AK, Soni D, Pandey S, Prost A, Gope RJ, Sharma J, Tripathy. 2018. 

Progress of children with severe acute malnutrition in the malnutrition treatment centre 

rehabilitation program: evidence from a prospective study in Jharkhand, India. Nutr J 

17:69. 

Chellaiyan VG, Liaquathali F, Marudupandiyan J. 2020. Healthy nutrition for a healthy child: 

A review on infant feeding in India. J Family Community Med 27: 1-7. 

Comprehensive National Nutrition Survey (CNNS). 2019. National Report. Ministry of 

Health and Family Welfare (MoHFW), Government of India, UNICEF and Population 

Council. New Delhi. 

Coris DJ, Mejia-Guevara I, Subramanian SV. 2016. Risk factors for chronic Under-nutrition 

among children in India: estimating relative importance, population attributable risk and 

fractions. Soc Sci Med 157:165-185. 



Malnutrition among Indian pre-school children: Bose and Sen (2020) pp. 219-237 

 

232 
 

Dandona L. 2019. The burden of child and maternal malnutrition and trends in its indicators 

in the states of India: The global burden of disease study 1990-2017. Lancet Child Adolesc 

Health 3:855-870.  

Debnath A, Bhattacharjee N. 2016. Understanding malnutrition of tribal children in India: the 

role of women’s empowerment. Ecol Food Nutr 55:508-527. 

Debnath S, Mondal N, Sen J. 2019. Double burden of malnutrition among adolescents in 

India. Human Biology Review 8: 155-178. 

Dibley MJ, Sadjimin T, Kjolhede CL. 1992. Impact of high dose vitamin A supplementation 

on incidence and duration of episodes of diarrhoea and acute respiratory infections in pre-

school Indonesia children. FASEB J 6(4923):A1787. 

Doak CM, Adair LS, Bentley M, Monteiro C, Popkin BM. 2005. The dual burden household 

and the nutrition transition paradox. Int J Obese 29:129-136. 

George CB, Norman G, Wadugodapitya A, Rao SV, Nalige S, Radhakrishnan V, Behar S, 

Witte L. 2019. Health issues in a Bangalore slum: findings from a household survey using 

a mobile screening toolkit in Devarajeevanahalli. BMC Public Health 19:456. 

Ghosh S, Varerkar SA. 2019. Under-nutrition among tribal children in Palghar district, 

Maharashtra, India. PLoS ONE 14:e0212560. 

Giri SP, Biswas S, Bose K. 2017. Prevalence of Under-nutrition among Bengalee pre-school 

children of Sundarban, South 24 Parganas, West Bengal, India. Human Biology Review 

6:284-300. 

Global Nutrition Report. 2018.Available 

fromhttps://globalnutritionreport.org/resources/nutrition-profiles/asia/southern-

asia/india/#status-children.  

Gonmei Z, Toteja GS. 2018. Micronutrient status of Indian population. Ind J Med Res 148: 

511-521. 

Gope RK, Tripathy P, Prasad V.et al. 2019. Effects of participatory learning and action with 

women’s groups, counselling through home visits and crèches on Under-nutrition among 

children under three years in eastern India: a quasi-experimental study. BMC Public 

Health 19:962. 

Gosdin L, Martorell R, Bartolini RM, Srikantiah S, Young ME. 2018. The co-occurrence of 

anaemia and stunting in young children. Matern Child Nutr 14:e12597.  

Green R, Allen LH, Biorke-Monsen AL, Brito A, GueantJL,Miller JW, Molloy AM, Nexo E, 

Stabler S, Toh BH, Ueland PM, Yagnik C. 2017. Vitamin B12deficiency. Nat Rev Dis 

Primers 3:17040.  

https://globalnutritionreport.org/resources/nutrition-profiles/asia/southern-asia/india/#status-children
https://globalnutritionreport.org/resources/nutrition-profiles/asia/southern-asia/india/#status-children


Human Biology Review (ISSN 2277 4424) 9(3) Bose and Sen (2020) pp. 219-237 

 

233 
 

Gupta A, Kapil U. 2017.Under-nutrition amongst under-five children belonging to high 

income group communities in India. Ind Peditrics 54:686-687. 

Harding KL, Aguayo VM, Webb P. 2019. Trends and correlates of overweight among pre-

school age children, adolescent girls and adult women in South Asia: an analysis of data 

from twelve national surveys in six countries over twenty years. Nutrients. 11:1899. 

Hemalatha R, Radhakrishna KV, Kumar BN. 2018. Under-nutrition in children and critical 

windows of opportunity in Indian context. Ind J Med Res. 148:612-620. 

Houghton LA, Trilok-Kumar G, Mclntosh D, Haszard JJ, Harper MJ, Reid M, Erhardt J, 

Bailey K, Gibson RS. 2019. Multiple micronutrient status and predictors of anaemia in 

young children aged 12-13 months living in New Delhi, India. PLoS ONE. 14:e0209564.  

Imdad A, Bhutta ZA. 2012. Global micronutrient deficiencies in childhood and impact on 

growth and survival:challenges and opportunities. Nestle Nutr Inst Workshop Ser 70:10.  

Khadilkar VV, Khadilkar AV, Cole TJ, Chiplonkar SA, Pandit D. 2011.Overweight and 

obesity prevalence and body mass index trends in Indian children. Int J Pediatr Obes 

6:e216-24. 

Khan J, Mohanty SK. 2018.Spatial heterogeneity and correlates of child malnutrition in 

districts of India. BMC Public Health18:1027. 

Khor GL. 2008. Food-based approaches to combat the double burden among the 

poor:Challenges in the Asian context. Asia Pac J Clin Nutr 17: S111-S115. 

Kodkany BS, Bellad RM, Mahantshetti NS, Westcott JE, Krebs NF, Kemp JF, Hambidge 

KM. 2013. Biofortification of pearl millet with iron and zinc in randomized controlled trial 

increases absorption of these minerals above physiological requirements in young 

children. J Nutr 143:1920-1925. 

Kotecha PV. 2008. Micronutrient malnutrition in India: Let us say “No” to it now. Ind J 

Comm Med 33:9-10. 

Kotecha PV. 2011. Nutritional anemia in young children with focus on Asia and India. Ind 

JComm Med 36:8-16. 

Kuriyan R, Rodgers N, Thomas T, Aravind J, Subramanian SV, Kurpad AV. 2018. The role 

of familial and sibling factors on abdominal adiposity: a study of south Indian urban 

children. Asia Pac J Clin Nutr 27:869-874. 

Laxmaiah A, Arlappa N, Balakrishna N, Mallikarjuna RK, Galreddy C, Kumar S, 

Ravindranath M, Brahmam GNV. 2013. Prevalence and determinants of micronutrient 

deficiencies among rural children of eight states in India. Ann Nutr Metab 62:231-241. 



Malnutrition among Indian pre-school children: Bose and Sen (2020) pp. 219-237 

 

234 
 

Larson L, Young M, Bauer P, Mehta R, Girad AW, Ramakrishnan U, Verma P, Chaudhuri I, 

Srikantiah S, Martorell R. 2017. Home fortification with multiple micronutrient powders 

improves infant and young child development in Bihar, India. FASEB J 31:436.6. 

Longvah T, Khutsoh B, Meshram II, Krishna S, Kodali V, Roy P, Kuhnlein HV. 2017. 

Mother and child nutrition among the Chakhesang tribe in the state of Nagaland, north-

east India. Matern Child Nutr 13:e12558. 

Mahapatra B, Dey J, Pal S, Bose K. 2019. Prevalence of Under-nutrition among Santhal pre-

school children of two districts of West Bengal, India. Human Biology Review 8:179-196. 

Maleta K. 2006. Under-nutrition. Malawi Med J 18:189-205. 

Mathur A, Tahilramani G, Makhija S, Devgan V. 2018. Burden of Severe Acute Malnutrition 

in under five children (2-59 months) admitted in a tertiary care hospital of Delhi. J Trop 

Pediatr 64:45-50. 

Mondal N, Sen J. 2014. Role of anthropometry in assessment of excess adiposity and 

metabolic disorders in Asian Indians. In: K Bose and R Chakraborty, editors. Public 

Health in 21st century: Health consequences of human central obesity. New York: Nova 

Biomedical, pp.71-83. 

Mondal N, Sen J. 2010. Prevalence of Under-nutrition among children (5-12) belonging to 

three communities residing in a similar habitat in North Bengal, India. Ann Hum Biol 

37:199-217. 

Mondal N, Bose K,Sen J.2018. The Paradox of ‘Double Burden’ of Malnutrition in India. In 

Malnutrition: A Double Burden. Mondal N, Bose K, Sen J editors. B.R. Publishing 

Corporation. 267-278. 

Nasreddine LM, Kassis AN, Ayoub JJ, Naja FA, Hwalla NC. 2018. Nutritional status and 

dietary intakes of children amid the nutritional transition: the case of the Eastern 

Mediterranean region. Nutr Res 57:12-27. 

National Family Health Survey (NHFS-4). 2015-16. International Institute of Population 

Sciences (IIPS) and ICF. 2017: India. Mumbai: IIPS. 

Nongrum MS, Kharkonger GC. 2015. High prevalence of vitamin A deficiency among 

children in Meghalaya and the underlying social factors. Ind J Child Health 2:59-63. 

Popkin BM. 1998. The nutrition transition and its health implications in lower-income 

countries. Public Health Nutr 1:5-21. 

Popkin BM. 2002. The shift in stages of the nutrition transition in the developing world 

differs from past experiences! Public Health Nutr 5:205-214. 

Popkin BM,Adair LS,Ng SW. 2012.Global nutrition transition and the pandemic of obesity in 

developing countries. Nutr Rev 70:3-21. 



Human Biology Review (ISSN 2277 4424) 9(3) Bose and Sen (2020) pp. 219-237 

 

235 
 

Prasad V, Sinha D, Chatterjee P, Gope R. 2017. Outcomes of children with Severe Acute 

Malnutrition in a Tribal day-care setting. Ind Pediatrics55:134-136. 

Priyanka R, Vivin V, Jini MP, Saju CR. 2016. An assessment of the nutritional status of 

under-five children in a rural area of Thrissur district, Kerela, India. Int J Comm Med 

PubHealth 3:3479-3486. 

Purohit L, Sahu P, Godal BL. 2017. Nutritional status of under-five children in a city of 

Maharashtra: a community based study. Int J Comm Med Pub Health 4:1171-1178. 

Ranjani H, Mehreen TS, Pradeepa R, Anjana RM, Garg R, Anand K, Mohan V. 

2016.Epidemiology of childhood overweight and obesity in India: A systematic review. 

Ind J Med Res 143:160-174. 

Rao D, Higgins C, Margot H, Lyle T, McFalls S, Obeysekare E, Mehta K. 2016. 

Micronutrient deficiencies in the developing world: an evaluation of delivery methods. 

IEEE Global Human Tech Con 978-1-5090-2432-2/16. 

Ravindranath D, Trani JF, Iannotti L.2019. Nutrition among children of migrant construction 

workers in Ahmedabad, India. Int J Equity Health.18:143. 

Rengma MS, Sen J, Mondal N. 2015.Socio-Economic, Demographic and Lifestyle 

Determinants of Overweight and Obesity among adults in Northeast India. Ethiop J Health 

Sci25:199-208.  

Sachdev HS, Sinha S, Sareen N, Pandey RM, Kapil U. 2017. Survival and recovery in 

severely wasted under-five children without community management of acute malnutrition 

programme. Ind Pediatrics 54:817-824. 

Samundeeswary GS, Selvi ST, Hemamalini M. 2016. A study to assess the knowledge on 

micronutrient deficiencies among mothers with under five children in Maraimalai Nagar. 

Int J Pharm Clin Res 8:276-279. 

Sarkar S. 2016. Cross-sectional study of child malnutrition and associated risk factors among 

children aged under five in West Bengal, India. Int J Pop Studies 2 :89-102. 

Sazawal S, Dhingra U, Dhingra P, Dutta A, Deb S, Kumar J, Devi P, Prakash A. 2018. 

Efficacy of high zinc biofortified wheat in improvement of micronutrient status, and 

prevention of morbidity among pre-school children and women- a double masked, 

randomized, controlled trial.  Nutr J 17:86. 

Schoonees A, Lombard MJ, Musekiwa A, Nel E, Volmink J. 2019. Ready-to-use therapeutic 

food(RUTF) for home-based nutritional rehabilitation of severe acute malnutrition in 

children from six months to five years of age. Cochrane Database Syst Rev 5:CD009000.  

Singh S, Srivastava S, Upadhyay AK. 2019. Socio-economic inequality in malnutrition 

among children in India: an analysis of 640 districts from National Family Health Survey 

(2015-2016). Int J Equity Health18:203. 



Malnutrition among Indian pre-school children: Bose and Sen (2020) pp. 219-237 

 

236 
 

Sommer A, Katz J, Tarwotjo I. 1984.Increased risk of respiratory disease and diarrhea in 

children with pre-existing mild vitamin A deficiency.Am J Clin Nutr 40:1090-1095. 

Standsfield SK, Louis MP, Lerebours G, Augustin A. 1993.Vitamin A supplementation and 

increased prevalence of childhood diarrhoea and acute respiratory infections. Lancet 

342:578-582. 

Subramanian SV, Kawachi I, Smith GD.2007. Income inequality and the double bourden of 

under and over-nutrition in India.J Epidemiol Comm Health 61:802-809. 

Swaminathan S, Edward BS,Kurpad AV. 2013. Micronutrient deficiency and cognitive and 

physical performance in Indian children. Europ J Clin Nutr 67:467-474. 

Toteja GS, Singh P, Dhillion BS. Saxena BN, Ahmed FU, Singh RP, Prakash B, 

Vijayaraghavan K, Singh Y, Rauf A, et al. 2006 .Prevalence of anaemia among pregnant 

women and adolescent girls in 16 districts of India. Food Nutr Bull 27:311-315. 

UNICEF. 2019. Global databases Infant and Young Child Feeding. United Nations 

Children’s Fund (UNICEF), New York. Available from 

https://data.unicef.org/topic/nutrition/infant-and-young-child-feeding.  

UNICEF-WHO-World Bank. 2020. United Nations Children’s Fund, World Health 

Organization, The World Bank. UNICEF, WHO-World Bank Group Joint Child 

Malnutrition Estimates. UNICEF, New York; WHO, Geneva; The World Bank, 

Washington, DC. 

Varghese JS, Stein AD. 2019. Malnutrition among women and children in India: limited 

evidence of clustering of underweight, anemia,overweight and stunting within individuals 

and households at both state and district levels. Am J Clin Nutr 109:1207-1215. 

Victoria CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, Sachdev HS. 2008. Maternal 

and child Under-nutrition: consequences for adult health and human capital. The Lancet. 

371: 340-357. 

Victoria CG, de Onis M, HallalPC,Blossner M, Shrimpton R. 2010. Worldwide timing of 

growth faltering: revisiting implication for interventions. Pediatrics 125: e473-e480. 

Wang Y, Monteiro C, Popkin BM. 2002.Trends of obesity and underweight in older children 

and adolescents in the United States, Brazil, China and Russia. Am J Clin Nutr 75:971-

979.  

Wang Y, Chen HJ, Shaikh S, Mathur P. 2009. Is obesity becoming a public health problem in 

India: Examine the shift from under to over-nutrition problems over time. Obes Rev 

10:456-474. 

World Health Organisation. 1990. Diet, nutrition and the prevention of chronic diseases. 

Geneva: World Health Organisation. 

https://data.unicef.org/topic/nutrition/infant-and-young-child-feeding


Human Biology Review (ISSN 2277 4424) 9(3) Bose and Sen (2020) pp. 219-237 

 

237 
 

World Bank.India, Undernourished children: A call for reform and action. Available from 

http://web.worldbank.org/WEBSITE/EXTERNAL/COUNTRIES/SOUTHASIAEXT/0,co

ntentMDK:20916955-pagePK:146736-piPK:146830-the sitePK:223547.  

 

 

 

 

 

 

 


