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Abstract  
Background: Double burden of malnutrition means co-existence of under- and overnutrition in a 

community, household or an individual. It is observed in countries undergoing nutrition transition. 

Research on double burden among Indian children aged under five has been scarce. I therefore aim to study 

the prevalence of double burden of malnutrition in this age group. 

 

Methods: Cross-sectional population-based data from District Level Household and Facility Survey 4 

conducted in 2012-2013 in 23 Indian States and Union Territories were used for the analysis. Prevalence 

of overweight, stunting and anaemia were examined as main outcomes at the community level. 

Simultaneous overweight and stunting or anaemia in same child were the main outcomes for individual 

level prevalence. Households with stunted child and overweight adult were also examined. 

 

Results: In this sample, 40.1 % of children were stunted, 74.2 % anaemic and 8.2 % overweight. 

Simultaneous overweight and stunting as well as overweight and anaemia both affected about 5.5 % of 

children. Stunted children had a higher prevalence of overweight than non-stunted children. No such 

association was seen for anaemia. At household level, 26.5 % of households had an overweight adult and 

a stunted child.  

 

Discussion: Double burden of malnutrition is emerging among Indian children aged under five and should 

be included in national nutrition policy. Undernutrition is still bigger concern than overnutrition, but 

overweight is spreading also to lower wealth quintiles. Further studies should be done to examine this 

phenomenon at the national level.  



UPPSALA UNIVERSITET   3 (58) 

 

   

 

 

Contents 
Abstract ........................................................................................................................................................ 2 

Figures and Tables ....................................................................................................................................... 5 

Tables ....................................................................................................................................................... 5 

Figures ...................................................................................................................................................... 5 

Supplementary Tables .............................................................................................................................. 5 

Supplementary Figures ............................................................................................................................. 5 

Abbreviations ............................................................................................................................................... 6 

Introduction .................................................................................................................................................. 7 

Nutrition Transition .................................................................................................................................. 7 

Double Burden of Malnutrition ................................................................................................................ 7 

Individual Level ................................................................................................................................... 8 

Household Level ................................................................................................................................ 10 

Community Level .............................................................................................................................. 11 

Rationale for the Study, Research Questions and Objectives ................................................................ 12 

Methods ...................................................................................................................................................... 14 

Study Design and Population ................................................................................................................. 14 

Outcome Variables ................................................................................................................................. 15 

Participant Selection ............................................................................................................................... 16 

Estimation of Potential Bias in Outcome Variables........................................................................... 19 

Explanatory Variables ............................................................................................................................ 20 

Individual Level Double Burden ........................................................................................................ 20 

Household Double Burden ................................................................................................................. 20 

Wealth Index ...................................................................................................................................... 21 

Statistical Methods ................................................................................................................................. 24 

Ethical Approval..................................................................................................................................... 25 

Results ........................................................................................................................................................ 26 

Prevalence of Community Level Double Burden of Childhood Malnutrition ....................................... 26 

Prevalence of Individual Level Double Burden of Childhood Malnutrition.......................................... 27 

Prevalence of Household Double Burden .............................................................................................. 29 

Discussion .................................................................................................................................................. 31 

Limitations.............................................................................................................................................. 34 

Conclusion .............................................................................................................................................. 35 

References .................................................................................................................................................. 36 



UPPSALA UNIVERSITET   4 (58) 

 

   

 

 

Annex ......................................................................................................................................................... 48 

Details on Wealth Index Generation ...................................................................................................... 48 

Supplementary Tables ............................................................................................................................ 51 

Supplementary Figures ........................................................................................................................... 57 

 

  



UPPSALA UNIVERSITET   5 (58) 

 

   

 

 

Figures and Tables 

Tables 

Table 1: Definitions of Study Outcome Variables 

Table 2: Prevalence and Predictors of Different forms of Malnutrition 

Table 3: Prevalence Ratios for Association between Different Forms of Malnutrition 

Table 4: Distribution of Double Burden Households 

Figures 

Figure 1: Drivers of Double Burden of Malnutrition 

Figure 2: Flowchart of Participant Selection for Main Outcomes 

 

Supplementary Tables 

Supplementary Table 1: Options Available in Dataset for Age Determination 

Supplementary Table 2: Prevalence Estimates of Malnutrition Using Two Different Cut-Off Criteria 

Supplementary Table 3: Distribution of Observed Anthropometric Indices Before Data Cleaning 

Supplementary Table 4: Classification of Water and Sanitation Types into Improved and Unimproved 

Forms 

Supplementary Table 5: Distribution of Potential Household Wealth Variables by Household Location 

Supplementary Table 6: Weightings of Household Features and Assets Used to Generate Household 

Wealth Index 

Supplementary Table 7: State Distribution of Different Forms of Malnutrition 

Supplementary Table 8: Bivariate Analysis of Predictors of Dual Burden Households 

Supplementary Table 9: Distribution of Households into Wealth Quintiles Using Wealth Scores 

Unadjusted (Row) and Adjusted by Household Locality (Column) 

Supplementary Table 10: Distribution of Households into Wealth Quintiles in Rural and Urban Areas 

Using Two Different Wealth Index Scores 

Supplementary Figures 

Supplementary Figure 1: Zone Division of States Included in the Study 

Supplementary Figure 2: Histograms of Anthropometric Indices Before Data Cleaning 

Supplementary Figure 3: Histogram of Distribution of Unadjusted Household Wealth Scores for All, Rural 

and Urban Household 

Supplementary Figure 4: Stacked Bar Chart of Division of Households into Wealth Quintiles in Each non-

EAG State and Union Territory of India According to the Unadjusted Wealth Index Scores 

  



UPPSALA UNIVERSITET   6 (58) 

 

   

 

 

Abbreviations 

BAZ = BMI-for-Age Z-score 

BMI = Body Mass Index 

CAB = Clinical, Anthropometric and Biochemical component 

CI = Confidence Interval 

DOHaD = Developmental Origins of Health and Disease  

DHS = Demographic and Health Survey 

DLHS = District Level Household and Facility Survey 

EAG = Empowered Action Group  

HAZ = Height-for-Age Z-score 

ICDS = Integrated Child Development Services 

IIPS = International Institute for Population Sciences 

JMP = WHO and UNICEF Joint Monitoring Programme 

LMIC = Low- and Middle-Income Country 

NCD = Non-Communicable disease 

NFHS = National Family Health Survey 

OAC = Overweight-Anaemic Child 

OBC = Other Backward Classes 

OSC = Overweight-Stunted Child 

PCA = Principal Component Analysis  

PR = Prevalence Ratio 

PSU = Primary Sampling Unit 

SC = Scheduled Caste 

SCOA = Stunted Child – Overweight Adult 

SCOWT = Stunted Child - Overweight Mother 

ST = Scheduled Tribe 

SD = Standard Deviation 

SSU = Secondary Sampling Unit 

UNICEF = United Nations Children’s Fund  

WAZ = Weight-for-Age Z-score 

WHO = World Health Organization 

WHZ = Weight-for-Height Z-score  



UPPSALA UNIVERSITET   7 (58) 

 

   

 

 

Introduction 

Nutrition Transition 

Higher prevalence of childhood undernutrition in South Asia than in Sub-Saharan Africa despite equal or 

better economic status is known as the Asian Enigma (1). The reasons of undernutrition in India have been 

extensively studied (2–4) and its negative health and economic consequences are acknowledged by players 

like the World Bank (5). Over the period of United Nations’ (UN) Millennium Development Goals a 

significant decline in rates of childhood undernutrition was seen in South Asia (6,7), but still today India 

alone is home to about a third of all the stunted and wasted children aged under five in the world (8). 

Simultaneously, the problem of childhood overnutrition has emerged both globally (9) as well as in the 

region (10–12). Limiting the spread of childhood overweight was included in the new Sustainable 

Development Goals (13) and its significance to the public health in India is being increasingly recognized 

(14–17).  

 

The shift in pattern of malnutrition from under- to overnutrition is termed nutrition transition. It is 

associated with economic, epidemiologic and demographic transitions. Nutrition transition was originally 

conceptualized by Popkin in 1990’s based on historical trajectories from High-Income Countries (18), but 

has since been shown to apply also to Low- and Middle-Income Countries (LMIC) with some 

modifications (19). For example in China, rapid urbanization of the last couple of decades has led to an 

increase in obesogenic diets and decreased physical activity among children causing an increase in 

overweight (20). Initially overweight affects wealthier parts of the society, but later the transition spreads 

to lower income groups (21,22). In India the economy has reached a level where the burden of overweight 

among adults typically starts to shift to the poorer classes thus increasing health disparities (23). Nutrition 

transition in India was reviewed by UN’s Food and Agriculture Organization in 2006 with strong evidence 

for on-going transition among the wealthier segments of the society (19). Another review from 2011 

pointed out that urban Indians now have access to obesogenic diets (24) and the burden of disease across 

the country is rapidly changing towards non-communicable diseases (NCD) (25). 

 

Double Burden of Malnutrition 

Co-existence of under- and overnutrition is known as double or dual burden of malnutrition and is a well-

recognized phenomenon affecting children in LMICs (21,26). It encompasses micro- and macro-nutrient 

malnutrition and the resulting anthropometric changes as well as diet related NCDs (27). The concept of 

double burden was not originally included in Popkin’s model on nutrition transition, but due to observed 
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persistence of undernutrition in LMICs has since become an essential part of it. Popkin explains that a 

cause for the difference between the current trajectories of LMICs and the historical transitions in High-

Income Countries is the increased speed of nutrition transition, which fuelled by globalization, urbanization 

and media exposure among other factors, takes place at earlier stages of economic development (28). Other 

drivers of double burden include biological adaptability, environmental and social factors related to food 

security and supply (Figure 1) (27). Already in 2006 UN Standing Committee on Nutrition published a 

Global Agenda on Tackling the Double Burden of Malnutrition that identified priority actions to prevent 

the spread of double burden (29). Varela-Silva et. al. described the phenomenon at three levels – individual, 

household and community – and drew important attention its definitions (30). In 2014 Tzioumis and Adair 

reviewed double burden in particular reference to children (21).  

 
Figure 1: Drivers of Double Burden of Malnutrition. Adapted by Antti Kukka from WHO, UNICEF and World Bank (31) 

 

Individual Level 

Most research on double burden of malnutrition at individual level has concentrated on examining the 

effects of nutrition transition and genetic adaptation over the life-course rather than at a single point of 

time (32,33). It is generally believed that the golden window for securing optimal linear growth are the 

first 1000 days after conception, meaning that children that are stunted during the first two years of life are 

likely to grow into short adults (26,34). Stunted women on the other hand are more prone to experiencing 

intra-uterine growth restriction during pregnancy (26) and up to 46.9 % of Indian children are born small 
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for gestational age (35). Moreover, at six months’ age around one in five children in India is stunted (36). 

According to the Barker’s hypothesis of Developmental Origins of Health and Disease (DOHaD), 

undernourishment during foetal period not only leads to short stature, but also increases risk for adult 

obesity, NCDs and mortality (37). The mechanisms of this adaptation sometimes termed thrifty phenotype 

have been studied extensively (38) and it seems that factors affecting child growth during different parts 

of development can have differential effects to adult body composition (39). In the New Delhi Birth Cohort 

higher birth weight and BMI during first 2 years were correlated with higher adult lean mass whereas 

weight gain after two years of age led to more adiposity (40). An examination of intergenerational change 

in this urban middle-class cohort showed a significant increase in height and weight of children when 

compared to their parents born around 1970 with a corresponding decrease in stunting and increase in 

overweight (41). 

 

Paradoxically, both over- and undernutrition can exist simultaneously in same child with “short and plump” 

phenotype recognized in Latin America already in 1970’s (42,43). Since then it has been studied also in 

Africa (44). Popkin associated co-existence of overweight and stunting in same child with rapid shift in 

diet and physical activity as well as the Barker’s DOHaD theory (45). Later studies have tried to quantify 

these changes and the associated biological adaptation (46–48). A doctorate thesis in demography by Bates 

in 2014 pointed out that children who are both stunted and overweight might be counted twice when 

examining the prevalence of stunting and overweight, which could impact the way public health priorities 

are set (49). The latest World Health Organization (WHO), United Nations Children’s Fund (UNICEF) 

and World Bank joint malnutrition estimates acknowledge the phenomenon of individual double burden, 

but provide no estimation on its prevalence (31). As also the clinical implications of this phenomenon have 

been understudied, interventions for these children are lacking (49). In 2005 the prevalence of children 

simultaneously overweight and stunted (OSC) in India was only 1.0 %, but this still meant that about two 

thirds of overweight children were also stunted (49). Babies in India are often born with lower level of 

muscle mass but relatively more abdominal fat than their European counterparts (50). This could be 

interpreted as a sign of the thrifty phenotype already present at birth and genetic adaptation might thus 

explain not only predisposition to overweight and NCDs in adulthood, but also co-existence of under- and 

overnutrition in the same child during childhood. 

 

Individual double burden of malnutrition includes not only anthropometric changes but a micronutrient 

component too. Studies from both High- (51) and Low-Income settings including India (52) have found 

overweight children to be at an increased risk of anaemia. This could be explained by higher iron need 
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because of increased body mass as well as decreased absorption of iron from the gut because of chronic 

inflammation (53). A study among South Indian adults, however, noted that the risk for double burden of 

anaemia and overweight was not statistically independent from prevalence of the two (54).  

 

Research by Golden in the 1990’s helped to identify  nutrients that have little storage space in the body but 

are essential to growth (55). These so-called type II nutrients include for example protein and zinc (56). 

Protein intake and quality among children in India appears to be inadequate (57–59) and zinc deficiency is 

estimated to affect up to 30 % of the total population (60). Zinc deficiency suppresses appetite (56) and 

Zinc supplementation is an important component of treatment for childhood diarrhoea that causes impaired 

absorption of nutrients (61). At national level diets in India are improving, but median intake of energy 

remains below recommendations and has even declined since 1970’s both among children and adults 

(58,59), which however could be balanced by decreased physical activity. It is conceivable that at least in 

the wealthier segments of population a change from energy-low, nutrient-high  to energy-dense but 

nutrient-low diets (19) could have contributed to co-double burden of malnutrition in children.  

 

Wasting commonly results from acute illness, but diarrhoea and sub-clinical chronic inflammation of the 

gut due to poor sanitary conditions known as environmental or tropical enteropathy are also some of the 

potential causes of stunting (62–66).  However, the impact of infections on nutrition goes beyond 

anthropometric failure. The association between childhood enteric infections and metabolic syndrome in 

adulthood has been recently reviewed with tentative support for a link between the two (67). For example, 

a study from Guatemala found that diarrhoea during first two years of life might increase odds for 

overweight in adulthood (68). Recent studies from High-Income Countries have associated changes in gut 

microbiota induced by antibiotic treatment during infancy with overweight in later childhood (69,70). This 

finding further highlights the interplay between microbiology, inflammation and nutrition that is likely to 

have a role in the formation of double burden of malnutrition.  

 

Household Level 

At household level, double burden of malnutrition is said to exist when both under- and overweight persons 

are living in the same home (71). A typical example of this is a pair of stunted child - overweight mother 

(SCOWT) (72). Doak et.al. hypothesized that as nutrition transition occurs first among adults, an 

underweight child - overweight adult is a sign of on-going nutrition transition (71) and showed that in a 

study of 7 countries, double burden households are more common in Middle-Income than Low- or High-

Income Countries (73). This finding was later confirmed in a larger ecological study (72). 
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Potential reasons behind the co-existence of over- and undernutrition in the same household are closely 

related to those appearing at the individual level too. According to the DOHaD-theory, undernourished 

children are likely to develop low levels of lean body mass but high fat mass as adults (32). Coupled with 

increased availability of energy-dense, nutrient-low foods and sedentary lifestyles brought by nutrition 

transition, youth and adults will get fatter, but their children might miss-out on nutrients required for 

ensuring linear growth (21). Another factor of potential importance is the differential energy needs of 

children and adults with children requiring proportionally more energy than grown-ups (73). It has also 

been suggested that double burden at household level is a sign of an increasing individualization in diets 

and activity patterns among household members (72). 

 

Cross-sectional studies have identified further risk factors for occurrence of SCOWT pairs such as higher 

number of siblings, lack of maternal education and old age of mother (74). However, as these are also risk 

factors for underweight in children and overweight in adults, it has been questioned whether they contribute 

to SCOWT as an independent phenomenon or whether SCOWT is simply a reflection of overall prevalence 

of under- and overnutrition in the society (74,75). Looking at expected count of undernourished child – 

overweight mother based on the prevalence of its two components in Demographic and Health Survey 

(DHS) data, two large studies found that SCOWT households are less common than expected purely on 

the basis of prevalence of childhood undernutrition and maternal overnutrition, and that it is especially the 

prevalence of maternal overweight that determines the prevalence of SCOWT households (74,75). These 

findings speak against need for developing interventions to tackle double burden households as an entity 

of its own rather than targeting the traditional underlying factors of overweight and undernutrition 

separately (75). 

 

Two previous studies have examined household double burden in India. In 1998, the national prevalence 

of SCOWT was 1.2 % – one of the lowest among 42 countries with DHS data between 1992 to 2001 (72). 

A non-peer reviewed report on the Young Lives cohort study from Andhra Pradesh found SCOWT-

prevalence in 2006 to be 1.0 % in rural and 3.4 % in the urban sample (76). Overweight mother – 

underweight child -pairs were slightly more common than SCOWT in the latter study (76). 

 

Community Level 

Double burden of malnutrition is defined at community level as co-existence of high prevalence of stunting 

or underweight, and overweight (30,77). What exactly constitutes a high burden is less clear. Like 
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household double burden, community double burden is also considered to be a sign of nutrition transition 

at national or sub-national level (21). India is struggling with persistent high burden of childhood 

undernutrition with simultaneous increase in overweight and obesity among both adults and children 

(11,78,79). However, inter- and intra-state differences are large in the vast country (25,80–82). Among 

adults in India, a study using data from second National Family Health Survey (NFHS-2) found that at 

village and block level communities with high burden of under- and overweight women are to a great 

extent segregated from each other (83). This finding was later confirmed by another paper using similar 

methods with data from both NFHS-2 and 3 (84). It is interesting to observe that during the six years 

between rounds 2 and 3 of the NFHS, the negative correlation between underweight and overweight grew 

larger suggesting an increased separation of neighbourhoods with dominant burden of overweight from 

those with burden of underweight. Two further papers examining Indian women found that overweight 

and underweight are also highly segregated by income class, and that double burden does not occur to a 

significant extent in any of the socio-economic classes (85,86). Such findings have led to questioning the 

concept of double burden at community level (84). 

  

Studies conducted among students of an urban Indian middle-class primary school (87) and adolescent 

children of urban industrial workers found some degree of co-existence of under- and overnutrition in these 

communities (88). Both anaemia and overweight were also commonly found among affluent school 

children in a review of Indian studies from early 2000’s (89). Notably though, none of the above papers 

looked at predictors of double burden per se and I was not able to find articles examining double burden 

at community level among younger Indian children. 

 

Rationale for the Study, Research Questions and Objectives 

India is experiencing economic growth and urbanization (90) coupled with demographic (91), 

epidemiologic (25,92) and nutrition transitions (59). Double burden of malnutrition is expected to emerge 

in such transitioning societies. The concept of double burden of malnutrition helps to identify progress of 

nutrition transition in a country and to inform policy priorities. Tackling double burden promises double 

gains (27) and avoids the pitfall of decreasing one form of malnutrition at the expense of increasing another 

(72,73). The cost of current underinvestment in nutrition in India is dear as childhood malnutrition has 

implications to adult productivity and health with risk of NCDs increased both from over- (37) and 

undernutrition (93). 
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Rising childhood overnutrition (12) and the persistence of undernutrition (4,36) have been consistent 

findings in Indian studies made during the last decades. Despite of this, research on double burden among 

pre-school children has been scarce. At the time of literature review in spring 2017, I was not able to find 

any papers with data on double burden among pre-school children during the last 10 years and thus a 

knowledge gap regarding the prevalence of double burden in this age group remains.  

 

Previous studies have shown that household wealth is a major determinant of childhood undernutrition in 

India with gap in prevalence of stunting between richest and poorest wealth quintiles one of the largest in 

the world (94). This gap increased during the years of fast economic growth at the turn of the millennium 

when wealthier households experienced fast improvement in their living standard (95). It seems, however, 

that some degree of undernutrition persists even in the highest socio-economic classes, where prevalence 

of overweight has increased (11,12). This could hypothetically lead to double burden of malnutrition in 

children of wealthy households.  

 

This study aims to examine what is the prevalence of double burden of malnutrition among children under 

five years of age in India at community, household and individual levels. Individual level double burden 

of malnutrition is defined in two ways: first, a child being simultaneously overweight and stunted and 

secondly overweight and anaemic. Household double burden is defined as a household with at least one 

overweight adult and at least one stunted child. Lastly, community level double burden is explored by 

finding out the prevalence of different forms of malnutrition among children under five years of age in 

various geographic locations and socio-economic strata. 
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Methods 

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were 

used for writing this paper (96). 

 

Study Design and Population 

This is a prevalence study that uses data from cross-sectional District Level Household and Facility Survey 

(DLHS) round 4 from 2012-2013. DLHS is a population based survey that was conducted in 26 non-

Empowered Action Group (EAG) states and Union Territories by the International Institute for Population 

Sciences (IIPS) under the designation of The Ministry of Health and Family Welfare, Government of India 

(97,98). In difference to the NFHS, the DLHS is representative at district level. In addition to the usual 

household and individual level data on maternal and child health and nutrition, it also collected data on 

village features and health care facilities (97). Clinical, Anthropometric and Biochemistry (CAB) 

component was introduced to this round of the DLHS (98). Despite these benefits, the DLHS has been 

underutilized in research in comparison to the NFHS (99). 

 

The DLHS-4 dataset available in public domain does not include the state of Jammu and Kashmir nor the 

Union Territories of Dadra and Nagar Haveli, and Lakshadweep (100). Nor are the eight EAG states and 

Assam included as they were covered by a different survey called the Annual Health Survey (101). The 

available dataset covers over half of the total Indian population (102) living in states with wide range of 

economic development (103). In terms of malnutrition estimates too, these states have had very diverse 

progress (80,82). However, it should be stressed that the survey is not nationally representative and that it 

excluded states deemed by the Indian Government to be the poorest performing in terms of developmental 

indicators (101). For a map of included states see Supplementary Figure 1, Annex. 

  

DLHS-4 used weighted multi-stage stratified sampling to collect a statistically representative sample of 

population at district level. Sampling method is explained in detail elsewhere (97), but in short, in urban 

areas two or three-stage sampling was used with blocks as primary sampling units (PSU) and households 

as secondary sampling units (SSU). In rural areas villages were used as PSUs and households as SSUs. 

Sampling weights available in the dataset were used for analysis and the method of calculation is explained 

elsewhere (97). Data collection took place between December 2012 and March 2014 (100). 
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Health facilities within the sampled PSUs were all included in the facility survey alongside all the 

community health centres, and sub-divisional and district hospitals in the chosen districts. Trained data 

collectors worked in a team of three female and male to visit all the sampled households. One supervisor 

and two investigators were tasked to collect the CAB information (97). This study utilized data from 

household questionnaire, which was completed by 391772 households and included the CAB 

measurements of 1593609 individuals. 

 

Outcome Variables 

Outcome variables for different levels of double burden are presented in Table 1. Stunting was selected as 

the main proxy for undernutrition as it reflects long term undernutrition and is less prone to effects of acute 

illness than wasting, whereas underweight is considered a combination of the two and thus not a direct 

opposite of overweight in children (104). Anaemia was used as a proxy for micronutrient deficiencies due 

to the availability of data. Household double burden was defined as stunted child – overweight adult 

residing in same household as it was not possible to link mother-child pairs across the household and 

women’s questionnaire in the dataset.  

 

Table 1: Definitions of Study Outcome Variables 

 

Stunting was defined as Height-for-Age Z-score (HAZ) <-2 Standard Deviations (SD) of the median of 

WHO growth chart and overweight as age-adjusted Body-Mass Index (BAZ) >+2SD (105). For 

overweight, the WHO recommended cut-off was chosen instead of the International Obesity Task Force 

Level of Double Burden Examined Prevalence  

(Outcome Variable) 

Definition of Outcome Variable 

Individual Level Overweight and Stunted Child a Child with BAZ >2SD and  

HAZ <-2SD 

Overweight and Anaemic Child b Child with BAZ >2SD and  

Hb <11,0g/dl 

Household Level Stunted Child a and Overweight Adult c  

in same Household 

Child with HAZ <-2SD and  

adult with BMI ≥23.0kg/m2 

Community Level Overweight Child a 

Stunted Child a 

Wasted Child a 

Underweight Child a 

Anaemic Child b 

BAZ >2SD 

HAZ <-2SD 

WHZ <-2SD 

WAZ <-2SD 

Hb <11,0g/dl 
a = age 30-1825 days; b = 180-1825 days; c = ≥18 years 

BAZ = Age-adjusted Body-Mass Index Z-score; BMI = Body-Mass Index;  

HAZ = Height for Age Z-score; Hb = Haemoglobin concentration in blood; SD = Standard Deviation;  

WHZ = Weight for Height Z-score; WAZ = Weight for Age Z-score 

Reference for all Z-scores is WHO Multicentre Growth Reference Study 2006 (105) 
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option (106) due to the former being currently recommended by the Indian Academy of Pediatrics (107). 

In order to enable global comparison, an alternative definition of overweight (Weight for Height Z-score 

[WHZ] >2 SD) was also calculated, but this was not used in further analyses. Also other definitions of 

undernutrition were explored, namely wasting (WHZ <-2SD), underweight (Weight-for-Age Z-score 

[WAZ] <-2SD) and Composite Index of Anthropometric Failure (CIAF) (all children with at least one of 

the three forms of anthropometric failure) (108). All the above indices were calculated for age group 30-

1825 days (1.0 to 59.9 months). To determine prevalence of anaemia, a slightly different age group was 

targeted due to data being available only for children aged 180 to 1825 days (6.0 to 59.9 months). The 

WHO-recommended cut-off of haemoglobin concentration in blood <11.0 g/dl was defined as anaemia 

(109). Lastly, for household double burden adult overweight was determined using both the cut-off of BMI 

≥23.0 kg/m2 recommended for Asian populations and ≥25.0 kg/m2 for global comparability in age group 

18 and above (110). As no major difference was seen in the results, reporting is based on the local reference 

of BMI ≥23.0 kg/m2. Exact details of the DLHS-4 anthropometric data collection and standardization have 

not been published. 

 

The dataset used for this study (111) did not include any anthropometric indices so they were calculated 

by the author. Inclusion criteria for the anthropometric analysis was set as all children aged 30 to 1825 

days with height or weight measured and for anaemia all children aged 180 to 1825 days with haemoglobin 

measured. For adults, all persons aged ≥18 years with valid measurement of height and weight were 

included. Cases with unknown age, implausible haemoglobin, height or weight or implausible 

anthropometric indices as per WHO definition (105) were excluded pairwise meaning that for each index 

a different number of cases was available. 

 

Participant Selection 

Flowchart of participant selection is presented in Figure 2. The complete CAB dataset included 1610571 

cases, out of which 1.1 % were removed as duplicates. Age of adults in years was taken straight from the 

dataset with 1117249 cases reportedly ≥18 years old. Out of adults, 80.6 % (900470) agreed to participate 

to height and weight measurements, out of whom 878857 had both measurements done. As there are no 

uniformly adopted data cleaning criteria for identifying valid adult measurements, I used arbitrary cut-offs 

of height <1.25m or >2.2m and weight <35kg or >250kg as biologically implausible and therefore deleted 

2.7 % of the records. Further 187 records were deleted because of an unlikely BMI <13.5kg/m2 or >76.0 

kg/m2 making total share of deleted cases 23.5 % of the original dataset and the number of adults with valid 
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measurement 855090. These adults came from 52565 households, where also at least one child had valid 

height measurement. This was the final analytic sample size for household level analysis. 

 

For creation of anthropometric indices, children’s ages needed to be verified. The dataset included four 

methods that could be potentially used for this (Supplementary Table 1, Annex). Exact age of the child 

was calculated by deducting the date of interview from date of birth, which was missing for 12.1 % of 

cases eligible by crude age in years. Despite missing this sizable proportion of children, I chose to stick to 

this method as age is considered to be the most difficult of anthropometric variables to quantify (112). 

 

Out of the cases with valid age for anthropometric measurement (30 to 1825 days, n=98812), 72516 agreed 

to be measured and 71505 had their height or length measured while 71615 were measured for weight. I 

entered the data of 72483 eligible children with either height or weight measured to WHO Anthro -program 

(113) for calculation of anthropometric indices and Z-scores. Seven cases were removed because of 

definition of sex as other. Further 437 cases were removed from height measurement because of being 

considered biologically implausible by the Anthro-program (<38.0cm or >150.0cm). Similarly, 332 

children were removed from weight measurements because of too low or high value (<0.9kg or >58.0 kg). 

These removed cases are likely to represent errors in either measurement or data entry. Altogether 943 

children were missing for either weight or height and thus were not included in the BAZ calculation. 

 

To exert further control on the reliability of the results, WHO Anthro also uses cut-offs for flagging created 

anthropometric indices as biologically implausible according to WHO criteria from 2006 (105). 

International consensus on appropriate methodology is lacking (114), but I chose the WHO option due to 

their widespread use in previous nutrition studies in India (3,36,115–117) as well as globally in the DHS 

datasets (118). Supplementary Table 2, Annex shows the number of cases excluded by the chosen data 

cleaning method in comparison to another popular alternative (119). Final analytic sample size for 

individual level double burden analysis with HAZ was 66314 children and for BAZ 63155 cases. These 

correspond to 58.3 % and 55.7 % respectively of the original sample of 113483 individuals aged under 5 

by the crude age.  
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Figure 2: Flowchart of Participant Selection for Main Outcomes 
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For haemoglobin test, only children aged 180 to 1825 days were included (n=89174). Out of the children 

with appropriate age, 45643 (51.2 %) underwent the test. Further 137 cases were excluded for having 

biologically implausible haemoglobin values determined by WHO (<2.5g/dl or >20.0g/dl) (120), which 

brought the final analytic sample size to 45506 cases or only 40.1 % of all children aged under 5 by the 

reported crude age.  

 

Estimation of Potential Bias in Outcome Variables 

Children included in the final analyses were significantly older than those with age in complete years (mean 

age in completed years 2.04 vs. 1.98 years, summary t-test p<0.001). This difference is probably mostly 

explained by the exclusion of children under 30 days of age from the anthropometric analysis group and 

those under 180 days from the haemoglobin group. The final analytical group was also slightly wealthier 

(mean wealth index score -0.023 [one-sample t-test 95 % CI -0.030…-0.016] vs. -0.063 [95 % CI -0.069…-

0.057]). No difference was seen in level of urbanicity (37.8 % [95 % CI 37.4-38.1]) vs. 38.1 % [95 % CI 

37.8-38.3]). Clear digit preference was observed when checking the frequencies of reported weight and 

height measurements, which predisposes the study to systemic error (119). The resulting anthropometric 

measurements were all skewed to the left and had a platykurtic distribution in comparison to the standard 

distribution. 

 

The dataset included additional information on the method of measuring tallness of the child, namely 

whether measure was taken standing or recumbent. This variable was missing for 3.3 % of cases and had 

generally a reasonable direction of length for younger and height for older children. The WHO Anthro 

program, however, overrode this variable with an age-based definition and presumed all children under 24 

months to be measured recumbent as is generally guided (113). This caused discrepancy in 7084 (9.8 %) 

of records. As it is not possible to know which proportion of children were measured and recorded 

correctly, I settled with the automatic definition. The difference in tallness between standing and lying 

child is about 0.7 cm and this might have impacted the final outcome of the study by causing random error 

(105). 

 

The distribution of anthropometric indices before data cleaning are presented in Supplementary Table 3, 

Annex and Supplementary Figure 2, Annex. They show that the sample is skewed to left with mean Z-

score for BAZ -0.7 and for HAZ -1.0. Additionally, the sample distribution is spread out as exemplified 

by large SDs ranging from of 3.6 in both indices used for primary analysis. SD of Z-scores has been 

suggested to be a marker of data quality in nutrition surveys (121) and in a recent article Grellety and 
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Golden proposed that surveys with standard deviations above 1.2 should be rejected due to high likelihood 

of systemic and random errors (112). Measurement error and digit preference are some of the errors that 

increase the SD (112), but it can be also influenced by true heterogeneity in the population (118) , which 

is expected to be great in such diverse country as India. 

 

Comparing the undernutrition prevalence figures presented in this paper with those available in DLHS-4 

state factsheets shows that my estimates are generally higher presumably because the state reports seem to 

have been generated by total number of children under five including those with no measurements done as 

the denominator (100). 

 

Explanatory Variables 

Individual Level Double Burden 

Selection of variables was guided by the aim of localizing the potential double burden in India rather than 

exhaustingly identifying its underlying causes. Age of child was considered as a potential explanatory 

variable with divisions 1.0 to 5.9 months, 6.0 to 23.9 months and 24.0 to 59.9 months due to differential 

patterns of malnutrition in these age groups (122). Sex was treated as a dichotomous variable male/female. 

States were divided into 6 geographical zones as per administrative definition (123) that approximately 

follow cultural division within the country (See Supplementary Figure 1, Annex) (124). None of the states 

in the Central Zone were part of the dataset cutting down the number of zones into 5. Andaman and Nicobar 

was included in the Southern Zone and Sikkim in the North-Eastern Zone (123). Rural-urban residence is 

determined in the DLHS dataset according to Census definitions (125). Wealth quintiles were calculated 

from household assets as explained in separate section. Residence in a household with an overweight adult 

was calculated as explained in the outcome variable section for household double burden. Residence in 

household with underweight adult was done similarly with BMI cut-off of <18.5kg/m2. For adult anaemia, 

haemoglobin was measured from 804880 adults, out of whom 4265 cases were removed for implausible 

values (120). 

 

Household Double Burden 

In addition to the factors named above, some household characteristics that were thought to potentially 

distinguish double burden households from others were considered. Number of household members is an 

obvious confounder in this kind of analysis and was thus considered as a scale variable. DLHS classifies 

household head as Scheduled Cast (SC)/Scheduled Tribe (ST)/Other Backward Classes (OBC)/None 
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according to the Indian Constitution (126). This stratification has been questioned but is commonly used 

in research (127). Household cooking facilities were combined into a variable with three categories similar 

to previous studies on the sub-continent: no use of solid fuels; use of solid fuels in separate kitchen and 

solid fuels without a separate kitchen (128). Access to drinking water is defined as a binary variable 

according to WHO and UNICEF Joint Monitoring Programme (JMP) classification (Supplementary Table 

4, Annex) (129). In case of bottled water, no information on other sources of potable water was available 

and these 1191 (1.6 %) cases were set as missing. Because of strong evidence pointing out that also so 

called improved sources of water can be contaminated (130), water treatment by electronic purification, 

filter, boiling, or using alum or chlorine was also considered as a variable. For sanitation, binary JMP 

categories (Supplementary Table 4, Annex) were used. Safe disposal of infant faeces was defined as 

disposal to toilet (129). 

 

Availability of health services in the village of the child was asked in DLHS village dataset and defined 

three ways: availability of Integrated Child Development Services (ICDS), of public health provider and 

of private provider. Additionally, the existence of Village Health, Sanitation and Nutrition Committee was 

considered (131).  

 

Wealth Index 

The DLHS-4 dataset used in this study (111) did not include a ready measure of household wealth and it 

was therefore necessary to create one for comparing the children from rich and poor households. No data 

on household income were collected in the survey, but instead the DLHS-4 has a range of household assets 

that are commonly used as a proxy for household wealth (132). Several methods have been used to apply 

weights for these assets to derive a wealth index score for each household (133). Principal Component 

Analysis (PCA) was first proposed by Filmer and Pritchett in India in the turn of the Millennium (134) and 

since then it has been adopted as method of analysis both for DHS and UNICEF Multiple Indicator Cluster 

Surveys among others (135). It is generally thought to represent long-term accumulated wealth rather than 

current income (133). Instructions for generating the index from assets commonly encountered in the DHS 

and other surveys have been published by Vyas and Kumaranayake (136) as well as Rutstein (137). 

 

Selection of Variables for the Wealth Index 

There is no single optimal list of indicators to be selected for wealth index and indeed some authors 

emphasize the need for local adaptation of the set of indicator variables (133). As an overall rule, indicators 

that have a direct relationship with the main outcome of interest of the study should not be used in 
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constructing the wealth index (136). Filmer and Pritchett used water and sanitation of the household as an 

indicator of wealth in India (134), but because of their association with undernutrition in cross-sectional 

studies (3,138,139), I did not include them in my calculations. In 2014 Bassani et.al. published household 

wealth indices for each round of DLHS and NFHS done prior to DLHS-4 and chose different assets for 

each round depending on data availability (140). They also strived to choose as few variables as possible 

to keep the index simple (140) whereas Rutstein and Johnson recommend to use as many variables as 

possible to decrease the risk of clumping of households into same few scores (132). 

  

It is generally recommended to convert qualitative categorical variables into binary form as it is often 

difficult to assign categories a clear order in relation to wealth (132,136). Housing type was therefore made 

into three separate variables: pucca, semi-pucca or kaccha with pucca meaning complete permanent 

housing and kaccha indicating a house made of rudimentary materials. Similarly, I converted the main type 

of lighting in the household to electricity or no electricity as the combined prevalence of other forms of 

lighting was meagre 4.2 %. Supplementary Table 5, Annex presents the prevalence of potential variables 

disaggregated by rural and urban location of the households. 

 

Ownership of Below Poverty Line card was also asked in the questionnaire, but I chose not to include it as 

it is a construct of other household assets. Ownership of computer with and without internet was combined 

into one variable as the frequencies for both were quite low (5.7 % of all households) and the distinction 

between them unclear. Similarly, three types of carts were collated into variable with overall prevalence 

of 3.1 %. For scale variables, number of persons per room was created and land owned in acres included.  

 

No missing values were reported in any of the household assets. In other variables, their share was 

negligible (< 1 %) in all states except in building material of house in Mizoram, where 10.5 % of 

households were categorized to belong to type other. As no further information on the qualities of these 

households was available, the “other” was re-classified as missing. This small number of households 

(0.002 % of total) should not make a difference to the overall wealth index.  

 

Raw number of households and rural-urban location were found to match the available state reports (100). 

State weights included in the DLHS-4 household dataset were applied for the household features selected 

as wealth index variables and the weighted prevalence were found to match the state reports within one 

percentage point error of margin except in Arunachal Pradesh, where 207 households had no state weights 

in the original dataset. Also in Daman and Diu, 629 households missed weights, but as no state factsheets 
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were available for Union Territories for verification, I could not check their correctness. As the total 

number of households affected is small (0.002 %), this should not make a significant difference to the 

overall wealth index. Additionally, variable on household ownership and the two scale variables created 

by myself were not included in the state reports and thus could not be verified. 

 

Performing Factor Analysis 

PCA was done to unweighted cases as suggested by the two instructions (136,137). As the data were not 

standardized, correlation matrix for components with Eigenvalue >1 was chosen (136,137). Missing values 

were replaced by mean of all values as per recommendations (136,137). Considering the low number of 

missing values this should not affect the outcome. For details on the mathematical calculations involved 

in PCA, please see Filmer and Prichett’s article (134). 

 

All analyses were first performed to the complete dataset and then separately to rural and urban households 

as proposed by both Rutstein (137) and Vyas and Kumaranayake (136). The reason that for example DHS 

does separate indices for rural and urban areas is the way that some service-related variables like 

availability of water and sanitation facilities might bias the results towards urban areas and fail to 

differentiate poor rural households from one another (135). However, only such service related variable 

selected for my wealth index was electricity as the main source of lighting. Additionally, I found that there 

was generally little difference between the levels of asset ownership in rural and urban areas 

(Supplementary Table 5, Annex) and that the household wealth index scores generated by common list of 

variables had very high agreement with those created by separate lists of variables (Pearson’s correlation 

co-efficient >0.95 and p<0.05 for all comparisons). I therefore chose to keep a common list of indicators 

for both rural and urban areas. 

 

The first component of PCA for all the households explained 19.3 % of variation in wealth. While this is 

a low number, it is par with previous studies and including of additional components is generally not 

recommended as their association with wealth is unclear (136). Supplementary Table 6, Annex, shows the 

included variables and their weightings. All the directions of the associations were logical: owning more 

land, a house or any of the assets increased wealth whereas more people per room and living in semi-pucca 

or kaccha house all had negative associations. Range of wealth scores was 7.3 with standard deviation of 

1.0 and mean of 0.0 because of the use of correlation matrix. Applying PCA to the same list of variables 

in urban and rural areas only explained 18.5 % and 18.4 % of variation in wealth respectively. All directions 

of associations were logical and weightings similar to the common index (data not shown). 
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Supplementary Figure 3, Annex shows three histograms of households’ wealth scores applied to all 

households followed by urban and rural households separately. The common index scores are skewed to 

the poorer households on the left and has some evidence of clumping, but is nonetheless seemingly able to 

differentiate households from each other on a wide continuum. This skewing to the left is mainly explained 

by the rural households, whereas the distribution of the urban households’ wealth index scores follows 

approximately the normal curve. 

 

Despite choosing separate variables for rural and urban areas, Rutstein advocates for creating a final 

composite wealth index score that makes rural and urban areas comparable (135,137). I followed the 

instructions provided (137), compared the results between adjusted and unadjusted scores and ended up 

using the unadjusted wealth quintiles as I felt they were easier to understand and fairer to the true observed 

division of assets. The whole process of adjustment is explained in detail in Annex. 

 

In summary, I have created household wealth quintiles mainly following the same principles that are used 

by the DHS (137) and thus also the Indian NFHS. There are two major exceptions to the rules proposed by 

Rutstein (137). I did not adjust for household size as this was advised against as potentially misleading by 

two other instructions (133,136). Nor did I adjust for rural-urban differences as the quintile divisions 

produced by Rutstein’s method did not seem plausible. 

 

Statistical Methods 

IBM SPSS version 24 was used for data analysis (141). Descriptive statics were used to define the 

prevalence of different forms of double burden across demographic strata. In univariate analysis, Wilson’s 

procedure without continuity correction was used to calculate the 95 % Confidence Intervals (CI) for the 

proportions derived (142). For bivariate analysis, Pearson’s chi-square test was used for categorical data 

and independent samples t-test for continuous variables.  

 

To compare prevalences between different groups, prevalence ratio (PR) was calculated as (143,144): 

PR = (a/(a+b))/(c/c+d) 

 

Based on the individual components of double burden, expected prevalence of individual double burden 

was calculated as: 

P (%) = (n children stunted * n children overweight)/(N total)2 * 100 
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A similar calculation was done for double burden of anaemia and overweight.  

 

Expected prevalence of household double burden was calculated as: 

P (%) = (n household with stunted child * n household with overweight adult)/(N total)2 * 100 

 

State household weights were applied to analysis to account for the multi-phase sampling method (97). 

 

Ethical Approval 

Participating in the DLHS-4 survey was voluntary and no reward was given to participants. All DLHS-4 

questionnaires begin with obtaining informed participant consent. All information given was confidential 

and participants had the right to withdraw at any time (145). This study is based on data available in public 

domain and all identifiable information has been removed (111). Institutional ethical approval for this study 

was waived by as it uses secondary data available in the public domain. 
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Results 
 

Details of the participant selection are presented in methods section and in Figure 2. The dataset included 

113483 children aged under 5 years. A valid BMI measurement was available for 63155 children and a 

valid HAZ score for 66134 children aged 1.0 to 59.9 months. Haemoglobin was measured from 45506 

children aged 6.0 to 59.9 months. These children came from 52565 households where at least one adult 

had a valid BMI measurement. The most common reason for not being included in the study was refusal 

to participate in measurement followed by lack of precise date of birth for calculating a correct age. 

 

Prevalence of Community Level Double Burden of Childhood Malnutrition 

In the 23 states included in the analysis, childhood undernutrition was far more prevalent than overnutrition 

(Table 2). Proportion of children stunted was 40.1 % followed by underweight (31.3 %) and wasting (20.4 

%). Combined Index of Anthropometric Failure showed that 59.0 % of children had at least one of these 

three forms of growth faltering. Additionally, 74.2 % of children with measured haemoglobin were 

anaemic. Overweight on the other hand affected 8.2 % of the children in the sample when defined as BAZ 

>2 SD and 5.4 % when defined as WHZ >2 SD. 

 

Results of bivariate analysis are presented in Table 2. Disaggregation be gender showed that male children 

were more commonly affected by all forms of malnutrition except anaemia. All forms of undernutrition 

were more commonly encountered in the rural areas whereas overweight had higher prevalence in the 

cities. Region with the highest prevalence of all forms of undernutrition was the Eastern Zone. The lowest 

prevalence of stunting was found in West (37.1 %) while anaemia was least common in North (70.3 %). 

North-East had the lowest figures for both underweight (23.9 %) and wasting. Overweight was the biggest 

problem in North-East (10.0 %) and of least concern in West and North (7.2 % and 7.3 % respectively). 

There was a wide variation in malnutrition across states too distribution shown in Supplementary Table 7, 

Annex. Out of the 23 states examined, the highest prevalence of overweight was seen in Andaman and 

Nicobar (13.8 %) and the lowest in Tamil Nadu (5.7 %). Stunting on the other hand was most common in 

Meghalaya (58.7 %) and lowest in Goa (22.5 %) while anaemia prevalence ranged between 88.7 % in 

Sikkim and 54.4 % in Kerala. All forms of malnutrition were most common in age group 6.0 to 23.9 months 

except for stunting, where a slight additional increase was seen in age group 24.0 to 59.9 months. All forms 

of malnutrition had a logical direction in relation to household wealth with level of all types of 

undernutrition steeply decreasing in wealthier households. However, even in the wealthiest quintile 31.8 

% of children were still stunted and 69.1 % anaemic. Overweight on the other hand increased as wealth 
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grew, but the observed gradient was not as steep as with undernutrition and showed only one percentage 

point difference between the poorest and the richest quintiles (7.9 % vs. 8.9 %). Table 2 shows the results 

for each form of malnutrition except wasting, which had similar patterns to those of underweight. 

 

In bivariate model, prevalence of undernutrition in children was slightly higher in households with an 

underweight adult and lower in a household with an overweight adult. Correspondingly, overweight was 

more common among children who lived with at least one overweight adult (PR 1.19 [95 % CI 1.12-1.26]) 

and less common in those living with an underweight adult (PR 0.83 [95 % CI 0.79-0.88]). Children living 

with an anaemic adult had anaemia about 40% more often than those living without an anaemic adult in 

the same household (PR 1.41 [95 % CI 1.38-1.44]).  

 

 

Prevalence of Individual Level Double Burden of Childhood Malnutrition 

Individual level double burden, defined as co-existence of overweight and stunting in same child, was 

encountered in 5.4 % (95 % CI 5.2-5.5) of the children aged under 5 years in the sample. It was more 

common than expected purely by the prevalence estimates of its individual components (expected 

prevalence 3.1 % [95 % CI 2.9-3.1]). Bivariate analysis (Table 3) showed that stunted children were almost 

Table 2: Prevalence and Predictors of Different forms of Malnutrition 

OSC 

N=61328

χ²-test          

p-value

OAC 

N=40295

χ²-test          

p-value

Over- 

weight 

N=63155

χ²-test          

p-value

Stunted 

N=66134

χ²-test          

p-value

Anaemic 

N=45506

χ²-test          

p-value

Under- 

weight 

N=70223

χ²-test          

p-value

Total % 5.4 5.5 8.2 40.1 74.2 31.3

Male 5.9 6.0 8.9 41.6 74.1 32.2

Female 4.8 <0.001 5.0 <0.001 7.4 <0.001 38.6 <0.001 74.4 0.353 30.4 <0.001

0 to 5.9m 4.7 5.2 8.6 19.4 24.3

6 to 23.9m 6.8 7.7 10.6 38.8 78.3 27.5

≥24m 4.7 <0.001 4.7 <0.001 7.1 <0.001 42.9 <0.001 73.0 <0.001 34.0 <0.001

Rural 5.3 5.5 7.9 42.5 75.6 33.9

Urban 5.5 0.191 5.6 0.502 8.6 0.001 36.3 <0.001 71.9 <0.001 27.1 <0.001

North 4.9 5.0 7.3 41.2 70.3 31.3

Nort-East 6.6 6.3 10.0 44.4 72.3 23.9

East 6.2 7.0 8.6 45.1 87.9 38.0

West 4.4 5.2 7.2 37.1 82.0 37.6

South 5.3 <0.001 5.2 <0.001 8.2 <0.001 37.7 <0.001 72.9 <0.001 30.8 <0.001

1st 5.2 5.7 7.9 48.1 79.1 41.5

2nd 5.4 5.2 7.9 44.3 75.9 35.6

3rd 5.4 5.6 8.0 39.9 74.7 30.8

4th 5.2 5.2 8.2 36.0 71.8 26.2

5th 5.5 0.791 6.0 0.121 8.9 0.017 31.8 <0.001 69.1 <0.001 21.6 <0.001

Adults in Household

None 5.0 1.12 5.2 1.01 7.3 1.19 44.9 0.83 77.0 0.94 38.7 0.69

≥1 5.6 (1.04-1.20) 5.7 (1.00-1.19) 8.7 (1.12-1.26) 37.1  (0.81-0.84) 72.5  (0.93-0.95) 26.6 (0.67-0.70)

None 5.6 0.87 5.7 0.91 8.7 0.83 39.3 1.05 72.2 1.08 27.8 1.34

≥1 4.9 (0.81-0.93) 5.2 (0.83-0.99) 7.2 (0.79-0.88) 41.3 (1.03-1.07) 77.9 (1.07-1.09) 37.3 (1.31-1.37)

None 5.4 1.00 4.0 1.50 8.0 1.03 40.9 0.98 56.4 1.41 30.8 1.02

≥1 5.4 (0.92-1.08) 6.0 (1.34-1.67) 8.2 (0.97-1.10) 39.9  (0.95-1.00) 79.5 (1.38-1.44) 31.4 (0.99-1.05)

Overweight BMI ≥23.0, %

not applicable

Cases are weighted by state household weight

OSC = Overweight and Stunted Child, OAC = Overweight and Anaemic Child, PR = Prevalence Ratio for Outcome  ≥1 (reference category = "None")

Under-

weight
AnaemicStunted

Over-

weight

1st wealth quintile = poorest

OACOSC PR (95% CI)PR (95% CI)PR (95% CI)PR (95% CI)PR (95% CI)PR (95% CI)

Sex, %

Age, %

Zone, %

Wealth Quintile, %

Location, %

Underweight <18.5, %

Anaemia Hb > 11.0g/dl, %
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four times more likely to be overweight than non-stunted children (12.8 % vs. 3.3 %, PR 3.92 [95 % CI 

3.68-4.19]). Among overweight children, stunting was found in 73.8 % of cases, which was almost double 

the prevalence of stunting among non-overweight (Prevalence Ratio 1.88 [95 % CI 1.84-1.92]). If OSC 

were dealt as a separate entity and removed from the prevalence estimates of overweight and stunting, the 

prevalence of stunting dropped to 35.2 % and prevalence of overweight to 3.0 %.  

 

 

Bivariate associations also showed that OSC was more common among males than females (Table 2). Age-

wise OSC peaked at 6.8 % among children aged 6 to 23.9 months whereas both the younger and older age 

group had prevalence of 4.7 %. OSC seemed to occur most commonly in North-Eastern part of the country 

(6.6 %), whereas the Western Zone had the lowest prevalence (4.4 %). Meghalaya had the highest state 

prevalence of OSC (9.2 %) and Goa the lowest (2.9 %) (Supplementary Table 7, Annex). No difference 

was seen between rural and urban areas or across household wealth quintiles. Living in a household with 

an overweight adult slightly increased the prevalence for OSC (PR 1.12 [95 % CI 1.04-1.20) whereas 

children residing in a household with an underweight adult were less commonly OSC (PR 0.87 [95 % CI 

0.81-0.93]).  

 

When individual double burden was defined as simultaneous overweight and anaemia in a child (OAC), 

its prevalence was 5.5 % (95 % CI 5.3-5.8). Out of all anaemic children (74.2 %), only 7.4 % were also 

overweight, whereas among the 8.2% of children that were overweight and had haemoglobin measured, 

73.5 % were also anaemic. These figures are similar to the overall prevalence estimates of the two 

conditions and thus, unlike with overweight and stunting, anaemia and overweight were not associated 

with each other in a bivariate model. When OAC were removed from the proportion of overweight and 

anaemic, the prevalence estimates of the two dropped to 4.6 % and 69.3 % respectively.  

Table 3: Prevalence Ratios for Association between Different Forms of Malnutrition 

Overweight Stunted Anaemic

No 39.3 74.3

Yes 73.8 73.5

Prevalence Ratio (95% CI) 1.88 (1.84-1.92) 0.97 (0.91-1.03)

No 3.3 73.5

Yes 12.8 75.4

Prevalence Ratio (95% CI) 3.92 (3.68-4.19) 1.08 (1.05-1.12)

No 7.7 39.6

Yes 7.4 42.0

Prevalence Ratio (95% CI) 0.97 (0.90-1.04) 1.06 (1.04-1.09)

Anaemic, %

Stunted, %

Overweight, %

Reference category for PR is "No"

Not applicable

Not applicable

Not applicable
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Males were more commonly affected by OAC than females and the age group with highest prevalence was 

6 to 23.9 months. OAC showed evidence of regional patterning with East having the highest prevalence 

(7.0 %) and North the lowest (5.0 %). Out of all states, Andaman and Nicobar had the highest (10.1 %) 

and Himachal Pradesh the lowest prevalence (2.3 %) (Supplementary Table 7, Annex). No significant 

difference was seen between rural and urban areas or wealth quintiles in a chi-square test. OAC children 

were about 50 % more common in households with an anaemic adult than in those without one [PR 95 % 

CI 1.34-1.67] whereas adult underweight or overweight did not have a significant effect to the OAC 

prevalence. 

 

Prevalence of Household Double Burden 

Household double burden of malnutrition was defined as a household with a stunted child and an 

overweight adult (SCOA). Prevalence of such households in the sample was 25.6 % (95 % CI 25.2-25.9). 

Notably, only 18.9 % of households had neither a stunted child nor an overweight adult. Expected 

prevalence of SCOA-households based on its components was 27.5 % (95 % CI 27.1-27.9). This is 

statistically significantly higher than the observed prevalence implying a separation of households with 

stunted children from those with overweight adults. Another type of household double burden structure 

with overweight child and underweight adult was also examined, but this had a low prevalence of 3.2 %. 

 

In comparison to households without both a stunted child and an overweight adult, SCOA-households were 

significantly more likely to be found in urban than rural areas (Pearson’s chi-square p<0.001) (Table 4). 

Northern Zone had by far the highest prevalence of SCOA-households (30.6 %) whereas least common 

this phenomenon was in Eastern Zone (17.5 %). Household wealth had strong effect on the prevalence of 

household double burden with lowest prevalence in the poorest quintile 18.7 % and highest in the richest 

29.4 % (Pearson’s chi-square p<0.001). Fitting to this wealth distribution, in a bivariate analysis SCOA-

households were statistically significantly more likely to have access to safe water and improved toilet 

facilities (Supplementary Table 8, Annex). They would also more often practice safe disposal of infant 

faeces and cook without solid fuels. Anganwadi, VHNSC and health providers were more commonly 

encountered in the villages of SCOA than non-SCOA-households. Important confounder for these results 

was the fact that SCOA-households were also likely to have more members than non-SCOA-households 

(mean number of members 6.5 vs. 5.8, independent samples t-test p<0.001).  
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Table 4: Distribution of Double Burden Households 

  

SCOA 

n=13430

χ²-test        

p-value

Rural 26.8

Urban 24.8 <0.001

North 30.6

Nort-East 22.5

East 17.5

West 22.0

South 26.8 <0.001

1st 18.7

2nd 23.7

3rd 27.5

4th 28.2

5th 29.4 <0.001

Location, %

Zone, %

Wealth 

Quintile, %

SCOA = Stunted Child - Overweight Adult household

Cases are weighted by state household weight
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Discussion 

This study looked at the phenomenon of double burden of malnutrition among children aged under 5 years 

using cross-sectional data from, at the time of writing, the latest representative survey of 23 states and 284 

districts in India. The findings indicate that double burden of malnutrition in age group below 5 years is 

becoming a real issue in the country. Undernutrition remains the most urgent concern with Composite 

Index of Anthropometric Failure showing that 59.0 % of children were either stunted, wasted or 

underweight. Anaemia affected 74.2 % of children measured. However, the prevalence of overweight was 

also quite high 8.2 %. Analysis on individual level double burden showed that 5.4 % of children were 

simultaneously overweight and stunted while 5.5 % were both overweight and anaemic. At household 

level, 25.6 % of households had at least one stunted child and one overweight adult living under the same 

roof. 

 

It is not possible to precisely define community level double burden using the method of prevalence only 

as a commonly agreed definition of what constitutes a high burden of over- and undernutrition is lacking 

(84). However, the results of this study show that Indian children have more than double the global 

prevalence of different forms of undernutrition and approximately global average of overweight (31). As 

such it should be fair to say that India is facing a double burden of childhood malnutrition at the national 

level.  

 

Previous surveys from India have found prevalence of overweight in this age group to lay between 1-3 % 

(16,146), which would indicate a significant rise in this study, although the methodology of defining 

overweight differs between the studies. I also explored an alternative definition of overweight (WHZ >2 

SD) and at 5.4 % found it to be above the previous figures. The level of undernutrition, namely stunting 

(40.1 %), wasting (20.4 %) and underweight (31.3 %), corresponds with a slow decline seen in the NFHS 

studies over the last decades (16,78) but remains alarmingly high. Zone and state level analysis shows that 

in no part of the country has the burden of overnutrition taken over that of undernutrition despite the dataset 

including the wealthiest part of the country. 

 

Disaggregating the results further, all forms of undernutrition decreased steeply by wealth quintiles, but 

the prevalence of overweight increased only slightly as wealth grew. This moderate increase goes against 

my original hypothesis that double burden would be mainly and issue for the wealthier households. The 

finding is also in disagreement with results presented in previous reviews on childhood overnutrition in 
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India (12,147), but matches with the global situation (26) and fits with the observation that as nutrition 

transition progresses, the burden of overweight starts to shift to lower socio-economic classes who have 

less access to healthier food choices (22,148). Many of the societal factors that currently lead to 

undernutrition in children might cause overnutrition under improved conditions of household food security 

(149). For example, the Government of India has been subsidising sugar, oil and cereals to poor families 

via the Public Distribution Scheme (150) and while this program is needed to ensure food security, its 

current formulation is not adept for tackling the issue of double burden of malnutrition.  

 

Another major government scheme, the ICDS has taken big steps towards a more comprehensive approach 

to nutrition and child health over its 40 years of existence, but faces shortages in both human and material 

resources that affect the quality of services provided (151). Should the ICDS function the way its intended 

to and provide growth monitoring and supplementary nutrition, health check-ups and immunization as well 

as pre-school and nutrition education, it could be an effective tool for tackling the double burden, but the 

way the programme is currently set-up is very much concentrated around undernutrition and in no way 

acknowledges the rising issue of overnutrition and double burden (152). In this study, 99 % of households 

lived in villages with Anganwadi centres that provide the ICDS services and in bivariate analysis having 

access to Anganwadi was associated with higher prevalence of household double burden (Supplementary 

Table 8, Annex). While few conclusions can be drawn from this simple analysis, it seems obvious that the 

ICDS has not been able to achieve its target of undernutrition removal and is now facing an altogether new 

challenge in the form overnutrition that calls for change in approach. 

 

A staggering 74.2 % of children with measured haemoglobin in this study were anaemic and anaemia was 

equally common among overweight as non-overweight children. This finding is in agreement with 

previous study of double burden among South Indian adults and reminds us that positive energy balance 

is not a guarantee of adequate micronutrient utilization (54). In comparison to recent NHFS-surveys, the 

observed prevalence of anaemia was approximately five percent points higher than in NFHS-3 from 2005-

2006 and goes against the positive progress seen in the most recent NFHS-4 from 2015-2016, where the 

national childhood anaemia prevalence was estimated to be 58.4 % (78). In this study, household wealth 

had only a modest effect on the prevalence of anaemia with 69.1 % of children from wealthiest households 

being anaemic. So far the main target of anaemia reduction policy in India has been iron supplementation, 

but only about half of the burden is in fact caused by iron deficiency while the rest is explained by other 

nutritional deficiencies, congenital conditions, infections and inflammation among others (153). The life-

time costs of anaemia in this age group in India have been estimated to reach 8.3 Million Disability 
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Adjusted Life Years and 24 Billion United States Dollars (154) and there is an urgent need for action to 

comprehensively tackle the underlying causes of anaemia in India. 

 

Combination of overweight and stunting in same child was affecting 5.4 % of the sample. The only 

previous report with data on this type of double burden in India showed a prevalence of 1.0 % in the 

NFHS-3 data from 2005-2006 (49). In difference to this study, that paper used WHZ-based definition of 

overweight which gives a lower prevalence estimate. Nonetheless, the increase seems substantial. In 

comparison to 77 LMICs, the prevalence observed in this study is above 75th percentile though the same 

caveat for defining overweight remains (49). Overwhelming majority (73.9 %) of overweight children 

were also stunted, and the prevalence of OSC was higher than expected purely by the prevalence of its 

components. Bivariate analysis showed that overweight children were more likely to be stunted than non-

overweight children were and vice versa. Perhaps because overweight was more common in urban areas 

and stunting in rural, no rural-urban difference was seen in OSC. Nor was there a clear household wealth 

gradient in prevalence of OSC, which again suggests that double burden is not an issue limited to only 

certain pockets of the society. However, no multivariate analysis was done to account for potential 

confounders. 

 

Further studies should be undertaken first to verify whether OSC indeed is its own entity with predictive 

factors separate from those of its components. Studies elsewhere in LMICs have shown that reduced fat 

oxidation and lower insulin-like growth factor might be some of the physiological mechanisms that 

predispose stunted children to overweight (47,48), but these findings are so far inconclusive (46). Second 

task would be to find out whether the prognosis of OSC children differs from that of peers that are only 

stunted or overweight, but this objective is complicated by the challenge of defining OSC in a meaningful 

manner. In this study, the high co-occurrence of stunting and overweight is at least partly explained by the 

fact that I chose to use BMI to define overweight, which takes height to second power (BMI = 

weight/height²) and thus increases the effect of shortness on measure of overnutrition. Considering that the 

linear relationship between short stature and risk for poor health makes cut-offs for stunting arbitrary (30), 

and that the debate on the definition of childhood obesity is ongoing especially in reference to Asian 

children (155), any longitudinal study would surely find it difficult to distinguish the effects of combined 

stunting and overweight from those brought by growth faltering and changes in body composition alone.  

 

Household level double burden, defined as at least one stunted child and one overweight adult, was 

encountered in around one fourth of households of the study sample. Wealth gradient in SCOA-households 
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indicated that, surprisingly, the households most burdened by this type of double malnutrition were poor 

rather than rich. As the differences between SCOA and non-SCOA households was small and no 

multivariate analysis was done, these results should be considered inconclusive. Previous studies in India 

have only examined double burden in mother-child pairs so direct comparison is not possible, but as earlier 

results have put the estimates at around one percent (72,76), it could be that household double burden is 

also increasing. Similar to other researchers (74,75), I also found that the observed count of double burden 

households was lower than could have been expected purely by its components indicating that households 

with at least one overweight adult are to some degree segregated from those with a stunted child. This 

finding argues against the need of own separate interventions for double burden households. Considering 

the DOHaD-theory and life-cycle perspective, interventions like exclusive breastfeeding and improving 

nutrition of women in fertile age that reduce childhood stunting should also decrease adult overweight and 

thus cut down household double burden (33).  

 

Limitations 

This study has several significant limitations. Firstly, the DLHS-4 dataset used for analysis (111) is not 

nationally representative and in fact it excludes many of the poorest performing states in India leading to 

impression that nutrition transition among Indian children would have progressed further than it really has 

when it comes to national level. The results are thus not generalizable to India as whole. 

 

Furthermore, anthropometric data in DLHS-4 showed clear signs of digit preference and distorted sample 

distribution, which implies low data quality considered even non-usable by some authors in the field (112). 

While standard data cleaning methods were applied, this form of random error is likely to decrease the 

internal validity of the results. Data cleaning combined with refusals and missing values especially in 

haemoglobin measures made the final analytical sample slightly older and wealthier than the original 

sample, which is another potential source of bias, but as the difference between the groups was small, this 

is not expected to have impacted the outcome in a systematic manner. Seemingly in difference to published 

state reports (100), prevalence estimates presented in this paper were generated using only measured and 

cleaned cases as denominator and thus my figures are higher than those officially available. At the same 

time, apart from anaemia the prevalence estimates match well with the latest national survey data available. 

 

This study was cross-sectional in nature and thus the progression of different forms of malnutrition could 

not be studied. Therefore, it is not possible to infer causal links between different forms of malnutrition for 
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example in the case of stunted children seeming to be prone to overweight. Additionally, analysis about 

underlying predictors of double burden was limited as it was not possible to link children across household 

and women’s datasets, which meant that maternal characteristics and feeding habits of the child could not 

be examined as potential explanatory factors. 

 

As the wealth quintiles used in the study were not adjusted for states or urbanicity, it could be that children 

living in rural areas and poorer states ended up in the lowest wealth quintile despite being from households 

relatively wealthy to their local peers. Similarly, children from urban households in rich states might have 

been categorised as rich despite having low living standard in comparison to their neighbours and perhaps 

disposable income that is too low for providing adequate diet. This discrepancy could explain the 

unexpectedly small wealth and urbanicity gradient in prevalence of overweight, OSC and OAC children.  

 

Conclusion 

Nutrition transition in India is increasingly affecting also children and this study is first of its kind to 

explicitly look at double burden of malnutrition in age group below 5 years. The results show that while 

undernutrition remains the key issue in the wealthier states of the country, overnutrition is also increasing 

and both are not uncommonly found in the same child or same household. Alarmingly, the issue of 

overnutrition and double burden does not seem to be limited to the wealthiest households but is pervading 

through all the income groups as predicted by the nutrition transition theory. Due to limitations in data 

quality and analytical methods, the findings of this study should be considered preliminary and require 

confirmation by more research. Further studies should also be undertaken to find out what lays behind the 

circa 5% of children affected by simultaneous overweight and stunting as well as overweight and anaemia, 

and what is their prognosis. In the meanwhile, nutrition policy planners in India should ensure that efforts 

to decrease childhood undernutrition do not increase the burden of overweight by including the concept of 

double burden of malnutrition in the programs aiming to improve childhood nutrition status in the country. 

 

I declare no conflict of interest. 
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Annex 

Details on Wealth Index Generation 

I followed the instructions of Rutstein (135) for adjusting wealth index by urbanicity and first did a 

regression model for urban households only, where the dependant variable was household wealth index 

scores based on the first PCA for all households and the independent variable was the score of second PCA 

done only for urban households. Unsurprisingly, as the base variables of the PCA scores were same and 

only their distribution changed, the resulting R2 was high 0.993 with a highly significant p-value of <0.001. 

The constant α1 was 0.381 whereas the unstandardized co-efficient B1 was 0.992. Similar regression for 

rural households resulted in R2 = 0.993, p = 0.000, α2 = -0.273 and B2 = 0.907. Based on constants and co-

efficients of these linear regression models, a new combined wealth score variable was calculated with the 

following formula combined from Rutstein (135): 

 

WSn = α1 + B1 * WSu + α2 + B2 * WSr, 

where  

WSn = new combined wealth score 

α1 = constant of linear regression 1 for urban households 

B1 = coefficient of linear regression 1 for urban households 

WSu = household wealth score for urban households 

α2 = constant of linear regression 2 for rural households 

B2 = coefficient of linear regression 2 for rural households 

WSr = household wealth score for rural households 

 

Rutstein additionally proposes adjustment to household size (137) justified by the fact that most analyses 

concern poor people rather than poor households (132). This is however rejected by other authors (133,136) 

and as my outcome variables are both at household and individual level, I chose not to make this 

adjustment. 

 

Creating Wealth Quintiles from the Index Scores 

A cross-tabulation between both created wealth quintiles and all indicator variables finding good internal 

coherence with proportion of households owning each asset higher in the wealthier quintiles. Relationship 

between construction material of the house and wealth was also as expected. Acres of land owned increased 

by wealth and number of people per room decreased. Only exception to the rule was association between 
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household ownership and wealth quintiles, which showed little change by increasing wealth. This was 

explained by almost universal house-ownership in the rural areas whereas the urban sub-group showed 

expected direction of association (data not shown). Both the adjusted and unadjusted scores provided 

similar results. To further examine the effect of using the unadjusted versus weighted wealth index I did a 

cross-tabulation of quintiles produced by the two scores to find out how much changed occurred in 

classification of households between the two options (Supplementary Table 9, Annex). It revealed that in 

the extreme ends of wealth only 69.0% and 85.0% of households kept their position at the poorest and 

richest quintile respectively. 

 

Looking at frequency tables of distribution of households in quintiles separately in rural and urban 

locations (Supplementary Table 10, Annex), the unadjusted model is more likely to categorize urban people 

into the richest and rural people into the poorest quintile. While in the unadjusted model 27.5% of rural 

and only 8.9% of urban households were categorized into the poorest quintile, after the adjustment this 

relationship was opposite with 17.1% and 24.3% respective shares. Similarly, in the richest end the share 

of rural households went up from 12.2% to 17.2% and the urban share dropped from 31.5% to 24.1%. I 

feel that the adjustment done by the manner that was originally designed for mapping wealth scores created 

with different set of assets makes perhaps too drastic changes to the distribution of households into quintiles 

in rural and urban locations and feel therefore that the original unadjusted model is both easier to 

understand and fairer to the true division of asset-based wealth. 

 

Further Discussion on Wealth Quintiles 

Another level of complexity can be added if the state level differences are to be considered in the creation 

of the wealth quintiles. The Gross Domestic State Product per capita of non-EAG states in India varies 

almost six-fold between the lowest Manipur and the highest Goa (156). Supplementary Figure 4, Annex 

shows stacked bar charts of the division of households into wealth quintiles in each state using the 

unadjusted wealth index and household state weights. It demonstrates how un-equally wealth is distributed 

in different non-EAG states and Union Territories of India per my wealth index, and how overrepresented 

the wealthier states are in the richest wealth quintile and the poorest in the poorest wealth quintile. 

 

These differences suggest that it could be beneficial to compute wealth indices separately for each state, 

which was done by Bassani et.al. in their paper on the previous rounds of DLHS and NFHS (140). A major 

drawback of creating separate indices for each state is the non-comparability of wealth scores between the 

states this adjustment was therefore not done. However, the observed differential distribution of wealth in 
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states could explain some of the undernutrition among the richest quintile and overnutrition among the 

poorest.  

 

Rutstein and Staveteig of the DHS have already proposed making asset-based PCA wealth scores 

comparable across countries (157). In my case, linear regression could be used to adjust for state wealth in 

a similar fashion as was done to rural-urban difference. To test this option, I ran the PCA of common set 

of variables for all households separately for each state. This resulted in some implausible weightings of 

the components such as household ownership turning negative in several states. To my knowledge such 

adjustment for state wealth has not been done in studies dealing with previous rounds of DLHS and NFHS 

and would thus affect the comparability of my results with them.  
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Supplementary Tables 

 
Supplementary Table 1: Options Available in Dataset for Age Determination 

Method Strengths Weaknesses 

Calculating age by date of 

interview minus date of birth 

(household questionnaire) 

Gives the exact age Missing for 12.1% 

Age in completed years 

(household questionnaire) 
No missing values Only completed years 

Age at test (CAB 

questionnaire) 
No missing values Only completed years 

Age in years, months and 

days (household 

questionnaire) 

Gives the exact age Missing for 37% 

CAB = Clinical, Anthropometric and Biochemical component 
 

Supplementary Table 2: Prevalence Estimates of Malnutrition Using Two Different Cut-Off Criteria 

  WHO 2006 (103) SMART 2006 (117) 

Stunted 

Observed stunted cases 26544 21725 

N of children excluded 4898 15188 

Prevalence of stunting % 40.1 38.9 

Wasted 

Observed wasted cases 12910 9867 

N of children excluded 4982 11402 

Prevalence of wasting % 20.4 17.4 

Overweight 

Observed overweight cases 5157 1188 

N of children excluded 7185 14472 

Prevalence of overweight % 8.2 2.1 

Underweight 

Observed underweight cases 21988 20345 

N of children excluded 1060 4374 

Prevalence of underweight % 31.3 30.4 
 

Supplementary Table 3: Distribution of Observed Anthropometric Indices Before Data Cleaning 

 WHZ HAZ WAZ BAZ 

N Valid 68181 71032 71283 70340 

Missing 5969 3118 2868 3811 

Mean -.82107 -1.03226 -1.25793 -.69910 

Std. Deviation 2.999049 3.593523 2.311586 3.634674 
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Supplementary Table 4: Classification of Water and Sanitation Types into Improved and Unimproved Forms (129) 

DRINKING-WATER SOURCE CATEGORIES SANITATION CATEGORIES 

"Improved" sources of drinking-water: "Improved" sanitation: 

Piped water into dwelling Flush toilet 

Piped water to yard/plot Piped sewer system 

Public tap or standpipe Septic tank 

Tubewell or borehole Flush/pour flush to pit latrine 

Protected dug well Ventilated improved pit latrine (VIP) 

Protected spring Pit latrine with slab 

Rainwater Composting toilet 

"Unimproved" sources of drinking-water: "Unimproved" sanitation: 

Unprotected spring Flush/pour flush to elsewhere 

Unprotected dug well Pit latrine without slab 

Cart with small tank/drum Bucket 

Tanker-truck Hanging toilet or hanging latrine 

Surface water Shared toilet 

Bottled water No facilities or bush or field 

 

Supplementary Table 5: Distribution of Potential Household Wealth Variables by Household Location 

 

Household Locality 

Rural, n=234675  

59.5% of households 

Urban, n=159594  

40.5% of households 

Total, n=394269 

100% of households 

n 
% of Rural 

n 
% of Urban 

n 
% of Total 

Household owning any land Yes 107731 45.9% 27011 16.9% 134742 34.2% 

Household owning their house Yes 218694 93.2% 113900 71.5% 332594 84.4% 

Main source of lighting Electricity 218949 93.3% 157052 98.5% 376001 95.4% 

  Kerosene 10632 4.5% 1490 0.9% 12122 3.1% 

  Solar 2645 1.1% 313 0.2% 2958 0.8% 

  Other oils 483 0.2% 102 0.1% 585 0.1% 

  Other 752 0.3% 206 0.1% 957 0.2% 

 Missing 1214 0.5% 341 0.2% 1555 0.4% 

Below Poverty Line card Yes 81335 34.7% 54855 34.4% 136190 34.6% 

  Do not know 2172 0.9% 1404 0.9% 3576 0.9% 

 Missing 85 <0.1% 24 <0.1% 109 <0.1% 

House type: 

Pucca house Yes 82084 35.1% 100771 63.5% 182854 46.6% 

 Missing 1138 0.5% 925 0.6% 2063 0.5% 

Semi- Pucca house Yes 91716 39.3% 44694 28.2% 136410 34.8% 



UPPSALA UNIVERSITET   53 (58) 

 

   

 

 
 Missing 1138 0.5% 925 0.6% 2063 0.5% 

Kaccha house Yes 59737 25.6% 13114 8.3% 72851 18.6% 

 Missing 1138 0.5% 925 0.6% 2063 0.5% 

Asset ownership: 

Radio/transistor Yes 26682 11.4% 18694 11.7% 45377 11.5% 

Television Yes 167863 71.5% 142832 89.5% 310695 78.8% 

Computer/laptop without internet Yes 6581 2.8% 15867 9.9% 22448 5.7% 

Computer /laptop with internet yes 5970 2.5% 16338 10.2% 22308 5.7% 

Any Computer yes 11833 5.0% 30301 19.0% 42133 10.7% 

Telephone yes 13672 5.8% 19609 12.3% 33281 8.4% 

Mobile phone yes 190578 81.2% 145123 91.0% 335701 85.2% 

Refrigerator yes 56527 24.1% 81276 51.0% 137803 35.0% 

Watch or clock yes 182360 77.7% 138255 86.7% 320615 81.3% 

Water pump /tube well yes 19334 8.2% 15776 9.9% 35110 8.9% 

Cooler or air-conditioner yes 28817 12.3% 40965 25.7% 69782 17.7% 

Washing machine yes 24861 10.6% 47436 29.7% 72297 18.3% 

Sewing machine yes 53931 23.0% 47948 30.1% 101879 25.8% 

Bicycle yes 91116 38.8% 61258 38.4% 152373 38.7% 

Motorcycle, scooter or moped yes 63753 27.2% 72549 45.5% 136302 34.6% 

Car, jeep or a van yes 11543 4.9% 20124 12.6% 31667 8.0% 

Tractor yes 6728 2.9% 1033 0.6% 7762 2.0% 

Cart driven by animal yes 7733 3.3% 777 0.5% 8509 2.2% 

Cart driven by machine yes 2317 1.0% 698 0.4% 3015 0.8% 

Other cart yes 1400 0.6% 1017 0.6% 2418 0.6% 

Any cart yes 10203 4.3% 2206 1.4% 12410 3.1% 

Adjusted by household state weights 

No missing values in household assets 

 

Supplementary Table 6: Weightings of Household Features and Assets Used to Generate Household Wealth Index 

 

 
  

General features:  Assets:  

Land ownership in acres .046 Radio or transistor .080 Watch or clock .370 

Household owning their house .018 Television .533 Bicycle .154 

Persons per room -.310 Computer .528 Motorcycle, scooter or moped .616 

Electricity as main lighting .305 Telephone .407 Car, jeep or van .486 

House type:  Mobile phone .401 Tractor .221 

Pucca house .668 Washing machine .690 Water pump or tube well .314 

Semi-Pucca house -.306 Refrigerator .748 Cooler or air-conditioner .577 

Kaccha house -.484 Sewing machine .522 Any cart .127 
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Supplementary Table 7: State Distribution of Different Forms of Malnutrition 

 

 

  

Zone Count Row % Count Row % Count Row % Count Row % Count Row % Count Row %

Himachal Prad. 31 5.5% 4 2.3% 51 8.8% 231 38.0% 123 67.0% 149 22.8%

Punjab 325 4.4% 261 4.6% 480 6.4% 3079 40.2% 4266 70.3% 2067 26.6%

Chandigarh 16 6.8% 7 4.6% 19 7.6% 109 43.9% 105 62.1% 70 27.8%

Haryana 330 5.4% 226 5.5% 490 7.8% 2826 41.6% 3353 69.9% 2547 35.9%

New Delhi 42 5.3% 46 7.2% 84 9.8% 425 48.6% 558 74.7% 390 39.2%

Zone Total: 745 4.9% 544 5.0% 1123 7.3% 6669 41.2% 8405 70.3% 5223 31.3%

Sikkim 40 5.2% 36 6.4% 59 7.5% 313 38.8% 543 88.7% 134 16.2%

Arunachal Prad 112 6.1% 94 7.5% 207 10.8% 897 45.4% 937 64.7% 640 29.3%

Nagaland 45 5.3% 25 5.1% 72 8.3% 388 43.9% 337 63.1% 232 24.6%

Manipur 89 6.6% 59 8.1% 148 10.6% 609 42.8% 612 75.5% 401 26.6%

Mizoram 221 6.5% 150 6.2% 343 9.9% 1412 40.6% 1995 78.8% 630 17.4%

Tripura 48 5.6% 34 4.9% 76 8.8% 346 39.5% 386 52.4% 240 26.7%

Meghalaya 141 9.2% 32 5.0% 180 11.4% 938 58.7% 509 73.9% 511 30.7%

Zone Total: 696 6.6% 430 6.3% 1085 10.0% 4902 44.4% 5318 72.2% 2788 23.9%

West Bengal 284 6.2% 152 7.0% 403 8.6% 2209 45.1% 2127 87.9% 1972 38.0%

Zone Total: 284 6.2% 152 7.0% 403 8.6% 2209 45.1% 2127 87.9% 1972 38.0%

Daman & Diu 0 0.0% 0 0.0% 5 12.9% 17 45.7% 0 0.0% 21 45.4%

Goa 9 2.9% 11 8.0% 22 7.0% 78 22.5% 130 78.0% 78 21.3%

Maharashtra 371 4.5% 273 5.1% 612 7.1% 3515 37.6% 5400 82.1% 3891 38.1%

Zone Total: 380 4.4% 284 5.2% 639 7.2% 3610 37.1% 5530 82.0% 3990 37.6%

Andhra Prad. 140 5.9% 126 7.3% 238 9.5% 1093 41.7% 1695 82.0% 984 33.4%

Karnataka 593 6.4% 399 6.2% 860 8.9% 4507 45.1% 5636 78.9% 3667 35.2%

Kerala 59 5.4% 20 4.6% 108 9.5% 314 26.4% 293 54.4% 273 21.1%

Tamil Nadu 229 3.1% 144 3.0% 423 5.7% 2333 30.3% 3324 63.9% 2110 26.1%

Pundicherry 43 5.2% 31 5.2% 76 8.8% 235 26.3% 429 61.4% 201 20.5%

Andaman & Nic. 20 7.8% 15 10.1% 37 13.8% 82 29.5% 132 77.1% 60 19.5%

Telangana 99 7.3% 79 8.9% 165 11.4% 589 36.7% 894 74.6% 721 36.4%

Zone Total: 1183 5.3% 814 5.4% 1906 8.2% 9154 37.7% 12401 72.9% 8015 30.8%

3288 5.4% 2224 5.5% 5157 8.2% 26544 40.1% 33781 74.2% 21988 31.3%

Underweight

State

North

North-East

OSC OAC Overweight Stunted Anaemic

TOTAL

OSC = Overweight and Stunted Child, OAC = Overweight and Anaemic Child

East

West

South
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Supplementary Table 8: Bivariate Analysis of Predictors of Dual Burden Households 

 

Supplementary Table 9: Distribution of Households into Wealth Quintiles Using Wealth Scores Unadjusted (Row) and Adjusted by Household 

Locality (Column) 

Wealth Quintiles of Unadjusted Score 

Wealth Quintiles of Adjusted Score 

Total 1st 2nd 3rd 4th 5th 

 1st % within unadjusted score 69.0% 31.0% 0.0% 0.0% 0.0% 100.0% 

2nd % within unadjusted score 28.6% 38.2% 33.2% 0.0% 0.0% 100.0% 

3rd % within unadjusted score 2.5% 30.2% 43.0% 24.3% 0.0% 100.0% 

4th % within unadjusted score 0.0% 0.7% 23.5% 60.8% 15.0% 100.0% 

5th % within unadjusted score 0.0% 0.0% 0.0% 15.0% 85.0% 100.0% 

    20.0% 20.0% 19.9% 20.0% 20.0% 100.0% 
 

  

SCOA 

n=13430

nSCOA 

n=39135

Row % (share of all households) 25.6% 74.4%

Mean number of household members
6.5 5.8

Unpaired t-

test p<0.001

Household Characteristics Column % Column %

χ²-test            

p-value

SC 26.6 25.5

ST 17.7 20.4

OBC 33.5 33.6

other 22.2 20.4 <0.001

Safe Water 92.9 91.4 <0.001

Treated water 32.7 33.1 0.347

Improved Toilet 71.9 67.6 <0.001

Safe infant feces 41.9 39.2 <0.001

No solid fuel 48.9 45.0

Solid fuel in separate kitchen 19.4 23.7

Solid fuel, no separate kitchen 31.7 31.2 <0.001

Village Characteristics

Anganwadi 99.3 98.9 0.002

VHNSC 59.6 57.4 0.001

Private Health Provider 38.9 35.0 <0.001

Public Health Provider 64.6 63.3 0.047

Any health provider 73.7 71.0 <0.001

Household Head Caste

Cooking Facilities

SCOA = Stunted Child-Overweight Adult household

 nSCOA= non-SCOA household (can still have either one of components)

Cases are weighted by state household weight

VHNSC = Village Health, Nutrition and Sanitation Council

 SC = Scheduled Caste; ST = Scheduled Tribe; OBC = Other Backward Classes 
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Supplementary Table 10: Distribution of Households into Wealth Quintiles in Rural and Urban Areas Using Two Different Wealth Index 

Scores 

  Original score Adjusted score 

Household 

Locality 

Wealth 

Quintile n % n % 

Rural 1 64629 27.5 40164 17.1 

2 54981 23.4 53277 22.7 

3 48312 20.6 55276 23.6 

4 38112 16.2 45524 19.4 

5 28642 12.2 40434 17.2 

Total 234675 100.0 234675 100.0 

Urban 1 14208 8.9 38682 24.3 

2 23854 15.0 25750 16.1 

3 30653 19.2 23360 14.6 

4 40589 25.4 33311 20.9 

5 50199 31.5 38402 24.1 

Total 159504 100.0 159504 100.0 

Adjusted by state household weights.  

 



UPPSALA UNIVERSITET   57 (58) 

 

   

 

 

Supplementary Figures 
 

 
Supplementary Figure 1: Zone Division of States Included in the Study 
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Supplementary Figure 2: Histograms of Anthropometric Indices Before Data Cleaning

 

Supplementary Figure 4: Stacked Bar Chart of Division of Households into Wealth Quintiles in Each non-EAG State and Union Territory of 

India According to the Unadjusted Wealth Index Scores. *(1st Quintile = Richest) **For abbreviations of state names please refer to 

Supplementary Figure 1, Annex. 
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Supplementary Figure 3: Histogram of Distribution of Unadjusted Household Wealth Scores for All, Rural and Urban Household 


