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Abstract: Composite Index of anthropometric failure (CIAF) studies co-occurences of three forms of 
child undernutrition-stunting (S), wasting (W) and underweight (U). The study attempts to modify 
it by inclusion of a fourth form of undernutrition, that is anemia (A), serving as a proxy for 
micronutrient deficiencies among under-five children of India. Descriptive Statistics, bivariate and 
multivariate analysis and spatial autocorrelation were used to analyse the co-occurences of child 
undernutrition w.r.t. child’s and mother’s characterstics using National Family Health Survey data. 
The modified index of “CIAF+Anemia” identified thirteen manifestations of child undernutrition in 
India, the most prevalent co-occurrence being “only anemia” (30%), followed by triple burden of co-
occurrence of stunting, underweight and anemia (SUA) (12%). The prevalence of quadruple burden 
of child undernutrition (SWUA) was found to be highest in the state of Jharkhand and Gujarat (7%). 
Higher likelihood of burden "SUA"was observed among underweight mothers (16%), whereas that 
of "only anemia" among overweight mothers (35%) compared to their counterparts. The co-
occurences of SUA and SWUA were found to be moderately clustered among districts of India 
(moran’s-I>0.5). Overall, the study re-inforces need of early identification and specialised treatment 
approaches for children burdened with multiple forms of undernutrition to prevent its scarring effect. 

Keywords: Co-occurences; Stunting; Wasting; Underweight; Anemia; Child Undernutrition; India; 
NFHS 
 

1. Introduction 

Given the nutrition transition, characterised by changes in the food environment, physical 
activity, and lifestyle, the world is witnessing declining undernutrition levels and increasing 
overnutrition levels over time [1]. Hence, a common issue analysed in the literature is the burden of 
child malnutrition, which is on the rise. Even though India is witnessing an increasing trend in 
overnutrition, the findings of the latest NFHS, 2019-21, show worrisome rising levels of 
undernutrition and India is still found to be mainly burdened by various forms of child 
undernutrition. The WHO recommends cut-offs of 20% for stunting and 10% for overweight that 
were used to define the Dual Burden of Malnutrition (DBM) nationally.  

As defined by WHO, undernutrition has four broad sub-forms: stunting, wasting, underweight, 
and deficiencies in vitamins and minerals [2]. Svedberg (2000) came up with the Composite indicator 
of Child Anthropometric failure (CIAF) to reflect the true burden of undernutrition at the individual 
level, studying all possible combinations of Stunting, Wasting and underweight together [3]. Such 
indices help identify communities or areas where many children experience multiple failures and 
allocate resources to areas of greatest need [4]. Below are the seven different categories of CIAF. 
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Source: [5] 

Quoted from a 2019 report by Govt. of India, Figure 3.1.2 is a Venn diagram showing the co-
existence of multiple forms of undernutrition among under-5 children in India using NFHS 2015-16 
data [6]. Among children aged 0-5 years, 6.5% of children were stunted, wasted as well as 
underweight; 18.4% of children were stunted, and underweight, and 8.2% of children were wasted 
and underweight. It revealed that after disaggregating the co-existence of these three conditions, 
13.6% of children were only stunted (against 38.4% overall prevalence of stunting), 2.6% were only 
underweight (against 35.7% overall prevalence of underweight), and 6.3% (against 21% overall 
prevalence of wasting) were wasted. State-wise analysis showed that Jharkhand (10.9%) led with the 
highest prevalence of multiple burdens of malnutrition encompassing stunting, wasting and 
underweight conditions among under-five children, followed by Madhya Pradesh (8.5%) and Bihar 
(8.1%).  

 
Source: Food and Nutrition Security Analysis, a report by MOSPI, Govt. of India, 2019 

Figure 3.1.2. Multiple forms of Child Undernutrition, India, NFHS 2015-16. 
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The fourth sub-form of undernutrition involves deficiencies in the intake of essential vitamins 
and minerals commonly known as micronutrients; when grouped with Stunting, Wasting, and 
underweight, it can help understand the real burden of undernutrition. Often, the triple form of 
malnutrition is defined as when child undernutrition, micronutrient deficiency and 
overweight/obesity co-exist. Essential micronutrients play a vital role in fostering physical growth as 
they help produce various necessary enzymes and hormones that aid in regulating biological 
processes in our body [7]. However, due to a lack of data, there is a shortage of literature that studies 
such burdens at the national level. The recent Comprehensive National Nutrition Survey is India's 
first national survey and the largest one globally to have collected information on micronutrients and 
other nutrition failures for children aged 0-19 years. However, the biological samples collected are 
representative only at the state level, limiting us from studying it at deeper levels like the district.  

In many cases where diets are poor in micronutrients, multiple micronutrient deficiencies are 
likely to affect the development of anemia synergistically [8]. Hence, anemia also represents a lack of 
essential vitamins and minerals to a certain extent. The most common causes of anemia include 
nutritional deficiencies, particularly iron, though deficiencies in folate and vitamins B12 and A are 
also essential causes [9]. 

Iron-deficiency anemia is common in infants and young children owing to the high iron 
requirements needed during the first two years of life [10]. In addition, common complementary 
foods often lack sufficient iron and contain elevated levels of inhibitors that hinder iron absorption 
[11–13]. Insufficient birth weight and premature birth adversely affect the initial iron reserves, thus 
further compromising the iron status of very young children, particularly in countries where 
intrauterine growth restriction is common [14,15]. Though children over two years of age generally 
have a lower prevalence of anemia than the youngest children, as a group, children aged under 
five years bear the largest burden of anemia globally, where India is also the highest contributor to 
child anemia among developing countries [16]. To see the latest picture of child anemia in India, 56% 
of 6- to 59-month-old children were found to be anemic from the fourth round of the National Family 
Health Survey conducted in 2015–16 (NFHS-4).  

The three anthropometric indicators, Stunting, Wasting and Underweight, have also shown 
linkages with each other. For example, a child can't be stunted and wasted at the time, without being 
underweight as there is a high effect of underweight on concurrence of both [17]. A recent study 
showed that stunting and wasting are linked and that wasting can increase the risk of subsequent 
stunting. It can have profound programmatic and policy implications, as Jonathan Wells and 
colleagues highlighted in their Lancet publication [18]. Another study tried to assess the role of 
underweight in predicting the stunting status of the child using CNNS 2016-18 data and concluded 
that it could be used as a substitute for surveys that poorly measured length or height data [19]. 
Clearly, a shift in how child undernutrition is understood and managed is urgently needed if the 
World Health Assembly and the UN Sustainable Development Goal targets are to be met. 

Stunting, wasting and underweight are manifestations of undernutrition that are assessed 
through body measurements and have been associated with anemia in many studies [16]. As anemia 
indicates inadequate nutrition, compromised health and lack of energy, it can impact growth 
indicators such as stunting and wasting. Also, many risk factors of anemia and anthropometric 
failures are similar. A South American study by Castejon (2004) that determined the co-existence of 
micronutrient deficiency (Anemia), iron and vitamin A, and macronutrient deficiency (Stunting and 
Underweight), suggested that malnutrition could be implicated as one of the causal factors of anemia 
too [20]. Mohammed (2019) found a high level of CAS (Concurrent Anemia and Stunting) among 
infants and young children in Ethiopia that was associated with various dietary and non-dietary 
factors [21]. 

Some studies have also examined the concurrences between anemia and different growth 
indicators at the population level. A recently published article analysed clustering in Indian districts 
of 19 pairs of combinations of dual burdens of different nutritional outcomes (Anemia, Stunting, 
Underweight, Overweight) within individuals and households using data from NFHS round 2015-
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16 [22]. They tried to assess co-occurrences within individuals and mother-child pairs to analyse 
burden at the individual and household level. The study found that out of 19, 8 and 5, such dual 
burdens had significantly higher prevalence at the state and district levels, respectively. It also 
showed that while dual burdens of anemia, stunting, and underweight were prevalent, there was no 
indication of clustering of overweight with other forms of malnutrition in India.  

Child growth anthropometric failures and anemia are children's most commonly used indicators 
of nutritional status. Still, their interactions are rarely studied. A better understanding of clustering 
between all nutritional outcomes is required as co-existing forms of malnutrition (CFM) in any form 
result in a heightened risk of distinct health adversities, diverging from comparable standalone 
conditions (Khaliq et al, 2022). Findings from the 2019 GBD study by ICMR suggest that the 
malnutrition targets set by NNM are aspirational, and the rate of improvement needed to achieve 
these targets is much higher than the rate observed presently, which might be challenging to reach 
in a short period. Hence, there is a need to understand these co-morbidities of nutritional outcomes 
and gain more insights on multifactorial approaches for enhancing public health/nutrition 
interventions accordingly. In addition, the existing guidelines in the literature also recommend 
adopting comprehensive and multi-sectoral undernutrition prevention strategies [23].  

It is called dual or multiple burden of malnutrition when two or more forms of malnutrition co-
occur within communities, families, and even individuals. Similarly, this study tries to identify the 
dual, triple, and quadruple burden of child undernutrition by studying the co-occurrences of 
stunting, wasting, underweight, and anemia among children and districts of India. Spatial analysis 
of such burdens at the district level can help the government plan interventions as per the intensity 
of different burdens across regions. Hence, this study tries to understand the clustering of child 
undernutrition outcomes at the individual and population levels. 

2. Materials and Methods 

Data from the National Family Health Survey, Kids file is used in this study. For the present 
study, round V 2019-21 data is mainly analysed. Round III 2005-06 and Round IV 2015-16 datasets of 
NFHS are used for comparison purposes to observe trends. Comprehensive National Nutrition 
Survey (CNNS) is also used in a few instances for descriptive statistics. Since the thesis is based on 
secondary data from various surveys conducted in India, these datasets have been archived in a 
public repository; therefore, the data is easily accessible, and ethical approval is not needed to 
conduct this study. 

Computing Modified CIAF: A modified version of the Composite Index with Anthropometric 
Failure (CIAF) is computed after the inclusion of anemia. At the child level, different co-occurrences 
are observed amongst Stunting, Wasting, Underweight and Anemia. Its prevalence is studied across 
NFHS survey rounds and CNNS for India and States. Such burdens are also studied across various 
background characteristics for the 2019-21 survey round of NFHS. 

Clustering at the Population Level: Spatial autocorrelation is analysed for some of the prevalent 
burdens at the district level. Moran's I is a statistic used to detect spatial patterns and clustering in 
the data. Uni-variate Moran's I and Bi-variate Moran's I are computed to assess whether burdens are 
significantly clustered at the population level. 

3. Results 

Figure 3.1 shows the declining trend of different undernutrition outcomes w.r.t. NFHS-3, 4, 5 
and CNNS. A significant improvement over time is observed in Stunting and Underweight, as their 
prevalence of 48% and 43% in NFHS-3 comes down to 36% and 32% in NFHS-5. The trend of wasting 
is also decreasing over time, but still, not much progress is observed, as a reduction of only 1% in 
wasting is evident from NFHS-3 to NFHS-5. Anemia has shown the most worrisome trend, increasing 
from 59% in NFHS-4 to 68% in NFHS-5. Estimates of CNNS have been nearly the same as that in 
NFHS-5, except for anemia, where only 41% of children were found to be anemic in 2016-18.  
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Figure 3.2 shows the CIAF, which shows the occurrence of stunting, wasting and underweight 
in combination as per NFHS-5. Around half of the children were not conditioned with any type of 
undernutrition like stunting, wasting or underweight, whereas the other half were burdened with 
one, two or three types of undernutrition deficits. Around 16% of the children were both stunted and 
underweight, whereas 15% of children were found to be only stunted without being wasted or 
underweight. These two were the most prevalent co-existent conditions, followed by a dual burden 
of 8% of children who were both wasted and underweight. Around 5% of the children were suffering 
from stunting, wasting, as well as underweight. The least prevalent condition was "underweight 
only" (2%). 

 

Figure 3.1. Trend for Stunting, Wasting, Underweight and Anemia across different surveys, NFHS and CNNS. 

 

Figure 3.2. Prevalence of CIAF, NFHS 2019-21. 

Figure 3.3 shows the newly formed modified index of CIAF+Anemia analysing co-occurrences 
of stunting, wasting, underweight, and anemia. From the univariate distribution of the new index, 
we can say that around 20% of children had no burden, 30% had a single burden, 20% had dual 
burden, 16% had triple burden, whereas 4% had quadruple burden of undernutrition. We find that 
the most prevalent burden amongst all the combinations or burdens is "Only Anemia" (23%), 
followed by the co-occurrence of Stunting, Underweight and Anemia (SUA), which stands at around 
13% among children aged 6-59 months in India (NFHS 2019-21). If a child is found to be both stunted 
and wasted, then it is not possible without the child being underweight as well. Our findings confirm 
that no dual burden of "stunting and wasting" is observed. Also, no child was found to have the 
double burden of co-occurrence of both "underweight and anemia". They co-occur only in the 
presence of stunting, wasting or both. Anemia, being the most prevalent condition overall, is found 
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to have the highest amount of interference with almost every other growth indicator, whereas 
stunting is the next dominating one, followed by underweight. The quadruple burden, meaning the 
presence of all undernutrition morbidities, accounts for a prevalence of 4% at the national level. 

Figure 3.4 observes the trend of all co-occurrences of undernutrition outcomes across NFHS 
rounds and CNNS. Most co-morbidities have shown a decreasing trend till NFHS-4, but a spike is 
observed in the burdens that involve the co-occurrence of anemia during NFHS-5. A similar pattern 
is also confirmed using CNNS 2016-18 data except in a few instances. Prevalence of the "None" 
category, that is, those free from any form of undernutrition, stands at 17% in NFHS-5, while it is 33% 
as per CNNS. The trend of co-occurrence of the "only stunting" category and "SU" category" (co-
occurrence of Stunting and Underweight) also shows a rising trend as per CNNS 2016-18 findings. 

Figure 3.3. Stunting (S), Wasting (W), Underweight (U) and Child Anemia (A) of 6-59 months children, NFHS-
5. 

 

Figure 3.4. Trend of different burdens over time and survey rounds, NFHS and CNNS. 

Figure 3.5 shows the state-wise variation of the quadruple burden of child undernutrition: co-
existence of stunting, wasting, underweight and anemia in children aged 6-59 months. It is observed 
to range from 0% in Mizoram to 7% in Jharkhand. Figure 3.6 represents a spatial representation of 
the same indicator district-wise. We observe that some parts of north-eastern, northern and southern 
states perform well, with the least prevalence of 0-1% of quadruple burden of child undernutrition. 
Eastern and western parts of India had some of the worst-performing districts. Dhule district had the 
highest prevalence of around 14% of children suffering from all four issues of undernutrition, 
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followed by Jalgaon district of Maharashtra (13%) and Paschimi Singhbhum district of Jharkhand 
(13%). 

Figure 3.7 observes the prevalence of the four undernutrition outcomes across ages, giving us a 
longitudinal perspective as a child ages from 0 to 59 months. Anemia stands out with the highest 
prevalence throughout. It stands constant at around 70% for children aged 6-23 months. The 
prevalence of wasted children (approximately 40%) is observed to be almost twice at the time of birth 
compared to that of stunted and underweight children (around 20%). But after the age of 1 year, 
children become more likely to be stunted or underweight and less likely to be wasted. Wasting 
shows a declining trend, while stunting and underweight show an increasing trend. This pattern is 
evident till the age of 2 years, after which the prevalence of all three indicators, stunting, wasting, 
and underweight, remains constant. Anemia also starts witnessing a decline after the age of 2 years 
till the age of 5 years. After the age of 4 years, there are almost equal chances of around 40% for the 
child to be either stunted, underweight or anemic. 

Table 3.2 shows the bi-variate analysis, representing the prevalence of components of the newly 
made index of anthropometric deficits and anemia (CIAF+Anemia) w.r.t. background characteristics. 
One needs to be cautious of interpreting single burdens, especially of "only wasting" and "only 
underweight", as their overall prevalence at the national level is relatively low, at 2% and 1%, 
respectively. It is observed that dual and triple burdens of undernutrition were found to be more 
common among children with low birth weight than their counterparts. In contrast, the prevalence 
of "only Anemia" and "only Stunting" was found to be highest in normal-weight babies (30.5% and 
4.2%, respectively). The prevalence of having multiple forms of undernutrition was highest among 
children with birth order four or more than their counterparts. At the same time, a reverse pattern 
was observed in the case of "only Anemia", as it was found to be most prevalent among children with 
birth order 1. Male children are found to be more burdened with co-morbidities of undernutrition 
compared to females. Lesser prevalence of the indicators "SWUA", "WUA", "SA", and "only Anemia" 
was observed in children above two years of age and older children were found to be more burdened 
with conditions like "SUA" and "SWU". A lower prevalence of clustering of multiple occurrences of 
undernutrition outcomes was observed among children whose delivery took place at an institution, 
those who were wanted and those with literate mothers. Co-morbidities of undernutrition were 
found to be higher in the case of mothers with a lower diet than mothers consuming a diet richer in 
various food groups. The quadruple burden of undernutrition "SWUA" was found to be highest in 
the western region (6.2%), followed by the Eastern and Central regions (5.1% and 3.6% respectively). 
Around 29% of children were free from any form of undernutrition among those with overweight 
mothers, whereas the prevalence of the same was 18% among those with underweight mothers. 
Talking about the two most prevalent burdens, the burden "SUA" was found to be most prevalent 
among undernourished mothers (15.6%), whereas "only anemia" was found to be highest among 
overnourished or overweight mothers (35.1%). Children from poorer households, rural backgrounds, 
those using unimproved sources of toilet facilities or exposed to open defecation, and those from the 
caste SC/ST/OBC were more burdened with co-occurrences of undernutrition compared to their 
counterparts.  
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Figure 3.5. Quadruple burden of Undernutrition, CNNS and NFHS-5. 

 

Figure 3.6. Quadruple burden across district of India, NFHS 2019-21. 
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Figure 3.7. Age-pattern of Stunting, Wasting, Underweight, Anemia & Quadruple Burden, w.r.t NFHS-4 and 
NFHS-5. 

Table 3.2. Sample Description and Prevalence of different burdens of Child Undernutrition w.r.t. background 
characteristics, NFHS 2019-21. 
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Table 3.3 represents findings from spatial analysis performed in the NFHS-5 dataset to assess 
spatial autocorrelation of different health indicators of undernutrition across districts in India with 
the help of local Univariate Moran's-I. The values of Moran's I range from -1 to 1, where positive 
values indicate positive spatial autocorrelation (clustering of similar values), negative values indicate 
negative spatial autocorrelation (dispersion of similar values), and values around 0 indicate 
randomness. The positive value of 0.511 indicates a moderate level of positive spatial autocorrelation 
in stunting prevalence. This suggests that regions with high stunting prevalence are spatially 
clustered, and areas with low stunting prevalence are also spatially clustered. Similarly, the positive 
value of Moran's I for the rest of the indicators implies the presence of positive spatial autocorrelation 
in them. Amongst the four child undernutrition outcomes of Stunting, Wasting, Underweight and 
Anemia, the strongest clustering across districts was found in the case of Underweight (Moran's 
I=0.677), followed by Anemia, Stunting and Wasting (Moran's I=0.579, 0.511, 0.463 respectively). Only 
selected types of co-occurrences or burdens have been kept in this table for meaningful comparison 
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across the indicators from the two indices of CIAF and CIAF+Anemia. The co-occurrences involving 
the presence of stunting and anemia were selected as they were the most dominating and relevant 
ones. The aim is to understand the relevance of both the indices, CIAF and CIAF+Anemia, and 
analyse the distinction amongst the types of co-occurences it identifies. For instance, the “none” 
category of CIAF (Moran's I= 0.632) is more clustered than the “none category” of CIAF+Anemia 
index (Moran's I= 0.547). On the other hand, the "only stunting" category of CIAF+Anemia (Moran’s 
I= 0.422) shows higher spatial autocorrelation compared to the "only stunting" category of CIAF 
(Moran’s I= 0.306). The burdens or co-occurrences called "SUA", "SWUA", and "only Anemia" of the 
CIAF+Anemia index were found to moderately clustered with positive spatial autocorrelation 
(Moran's I= 0.588, 0.555, 0.511 respectively), whereas the co-occurrence of Stunting and Anemia ("SA") 
had a comparatively lower spatial clustering (Moran's I= 0.285). 

Table 3.3. Univariate Moran's I computed for assessing clustering at the district level for different nutritional 
outcomes, NFHS-5. 

Indicators 
Univariate 

Moran's I 
Child Undernutrition Outcomes  
Stunting 0.511 
Wasting 0.463 
Underweight 0.677 
Anemia 0.579 
Co-occurrences from the index CIAF+Anemia  

Co-occurrence of Stunting, Underweight and Anemia (SUA) 0.588 
Co-occurrence of Stunting and Anemia (SA) 0.285 
Co-occurrence of Stunting, Wasting, Underweight and Anemia (SWUA) 0.555 
Stunting, without co-occurrence of any other undernutrition issue like Wasting, 
Underweight or Anemia (only stunting) 

0.422 

Anemia, without co-occurrence of any other undernutrition issue like Stunting, 
Wasting, Underweight (only anemia) 

0.511 

Free from any form of undernutrition like Stunting, Wasting, Underweight or 
Anemia (None) 

0.547 

Co-occurrences from the index CIAF  

Stunting, without co-occurrence of any other undernutrition issue like Wasting 
or Underweight (only stunting) 

0.306 

Free from any form of undernutrition like Stunting, Wasting or Underweight 
(None) 

0.632 

Table 3.4 represents findings from spatial analysis performed in the NFHS-5 dataset to assess 
spatial autocorrelation between two types of undernutrition indicators across districts of India with 
the help of local Bivariate Moran's-I. The aim is to understand the spatial association between the 
general indicators of undernutrition that are popularly used (like stunting, underweight, and anemia) 
with the indicators of co-occurrences identified from indices like CIAF and CIAF+Anemia. Again, 
some selected combinations are analysed. As the "SUA" category from the CIAF+Anemia index was 
one of the most prevalent triple burdens of child undernutrition, we assess its spatial correlation with 
Stunting, Underweight and Anemia. Bivariate Moran's I is a statistic used to simultaneously 
determine the spatial autocorrelation between two variables (Table 3.4). Positive values of Bivariate 
Moran's I indicate that regions with similar values of both variables tend to be clustered, while 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 January 2025 doi:10.20944/preprints202501.0766.v1

https://doi.org/10.20944/preprints202501.0766.v1


 15 of 20 

 

negative values suggest that areas with dissimilar values are clustered. The positive value suggests a 
moderate positive spatial relationship between the co-occurrence of Stunting, Underweight and 
Anemia (SUA) with all three indicators of Stunting, Underweight and Anemia. Out of all three 
indicators, anemia is found to be the most clustered with the burden "SUA" (Moran's I= 0.578) 
followed by the other two indicators of Stunting (Moran's I= 0.491) and Underweight (Moran's 
I=0.404). This means areas with high anemia prevalence are more likely to be located near areas with 
high "SUA" prevalence, and regions with low anemia prevalence are more likely to be near areas with 
low "SUA" prevalence. However, when we study the spatial dependence of the co-occurrence of 
Stunting and Anemia "SA" with that of Stunting or Anemia separately, the association, although 
positive, is observed to be less strong than what was observed in the case of the co-occurrence of 
"SUA". "SA" is found to be more clustered with Anemia (Moran's I=0.238) than with Stunting 
(Moran's I=0.232). On testing whether Anemia and "only Anemia" without the occurrence of Stunting, 
Wasting and Underweight co-occur spatially, we find a weak positive spatial relationship across 
Indian districts (Moran's I=0.188). Similarly, the negative value of Moran's I of -0.039 suggests a weak 
negative spatial relationship between the indicator of stunting and "only Stunting" identified from 
CIAF+Anemia. This implies that areas with high stunting prevalence might not necessarily be located 
near areas with high "only Stunting" prevalence of the CIAF+Anemia index, and vice versa. However, 
the positive value of Moran's I of 0.16 indicates a weak positive spatial relationship between the 
"Stunting" and "only Stunting" categories from CIAF. This implies that areas with high stunting 
prevalence might be somewhat clustered near areas with high "only Stunting" prevalence of the CIAF 
index and vice versa. 

Table 3.4. Bivariate moran's I computed for assessing clustering at the district level for selected combination of 
nutritional outcomes, NFHS-5. 

Indicator-1 Indicator-2 
Bivariate 

Moran's I 

Child Undernutrition indicators Co-occurrences from CIAF+Anemia  

Stunting SUA 0.491 

Underweight SUA 0.404 

Anemia SUA 0.578 

Stunting SA 0.232 

Anemia SA 0.238 

Anemia only Anemia 0.188 

Stunting only Stunting -0.039 

Child Undernutrition indicators Co-occurrences from CIAF  

Stunting only Stunting 0.16 

4. Discussion 

The present study began by analysing the prevalence and trend of the four child undernutrition 
outcomes: stunting, wasting, and underweight anemia. The age pattern studied of the four outcomes 
is similar to that portrayed in the CNNS 2016-18 report [24]. The recently observed rising levels of 
anemia have been attributed to the mother's education status, anemia level and socio-economic status 
of the household [25]. The study further proceeds to compute the prevalence of the Composite Index 
of Anthropometric Failure as coined by Svedberg and Nandy [3,5]. The importance of studying CIAF 
is immense, as it is seen as a better indicator to assess undernutrition than the measures generally 
used which are stunting, wasting and underweight [26]. Literature highlights that areas with a high 
prevalence of co-occurrences of Stunting, Wasting and Underweight carry more burden of child 
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mortality in India [27–29]. The findings of the present paper are in convergence with similar studies 
that have computed CIAF using datasets of NFHS-5 and CNNS, which find that around half of the 
children are free from Stunting, Wasting and Underweight, and the other half are burdened with one 
issue or the other [30–32]. 

Besides the CIAF, various studies in the literature have determined co-occurrences among 
different child malnutrition indicators (Chopra et al., 2023; Dixit et al., 2023;  Singh et al., 2023). The 
present study identifies the dominant role of two child undernutrition indicators; one is stunting, 
which signifies chronic undernutrition and is well-known for its scarring effect; the other is anemia, 
a silent killer of productivity and one's well-being, which has recently caught everyone's eyes given 
its rising trend. There is wide literature that analyses the co-occurrence of especially Stunting and 
Anemia, as it is bound to have stark consequences for one's health [21,36–39]. Analysing co-
occurrence of Stunting and Wasting is another known phenomenon [40–43]. 

The present study also tries to modify the CIAF by including anemia as a substitute for the fourth 
form of undernutrition, which is micronutrient-deficiencies, the first three being stunting, wasting 
and underweight. This way, the newly formed index of CIAF+Anemia tries to encapsulate all four 
major forms of child undernutrition holistically. But this is not the first time one has attempted to 
modify the CIAF. Given the rising trend of overnutrition, many have tried to add overweight or obese 
as a component alongside stunting, wasting and underweight [44–46]. Some have tried to modify 
CIAF by replacing underweight indicators calculated from Weight-for-height with the underweight 
computed from BMI-for-age [47]. There is a dearth of literature in India that studies the co-occurrence 
of all four outcomes as studied in this paper, but a study done in Ethiopia has done a similar exercise 
and found that two-thirds of the children had at least one or the other issue out of the four 
undernutrition conditions, namely, Stunting, Wasting, Underweight and Anemia and called this 
index as multiple nutrition deficits index [48]. Similar to our study, it studied the association of 
multiple nutrition deficits and discovered that male children, those older, those from poorer 
households and those with mothers belonging to the illiterate category were more likely to have 
multiple nutrition deficits. Varghese (2019) also analysed the mean prevalences of the dual burden of 
stunting, anemia and overweight among children at the individual and population levels w.r.t. states 
and districts. Similar to our study, it also found a strong presence of stunting and anemia at the 
district level. As our research identified worst-performing districts in terms of quadruple burden of 
child undernutrition, similarly, another study using NFHS-4 data has identified hotspots of higher 
prevalences of co-occurrences of Stunting, Wasting and Anemia [49]. It also found strong spatial 
autocorrelation in the co-occurences of "SWU", "SU", and "WU" that are part of CIAF with Moran's I 
as 0.615, 0.695 and 0.438, respectively, at the district level. In conclusion, analysing such burdens can 
be a supportive step for our government as it has the potential for substantial programmatic 
implications [50]. Action can be directed towards investing in children with multiple nutritional 
deficits with enhanced tracking, screening and service delivery across public health platforms. 

5. Conclusions 

This paper tried to study the co-occurrences of Stunting, Wasting, Underweight and Anemia 
under an index called "CIAF+Anemia" among under-five children in India using NFHS data. Around 
half of the children were free from any form of undernutrition, as per the CIAF in NFHS-5. It reduces 
to around one-fifth as per the new index of CIAF+Anemia. The new index identifies different types 
of burdens and co-occurrences at the individual level and finds out that the burden of "SUA" and 
"SA" to be the most prevalent triple burden and dual burden of child undernutrition, respectively, 
which were also found to be moderately and positively clustered at the population level across 
districts of India. It studies the spatial pattern of the quadruple burden of child undernutrition and 
identifies the worst-performing pockets in Jharkhand and Maharashtra. The age pattern of child-age 
in months is also studied for the four undernutrition indicators, giving a sense of what trajectory a 
child, on average, will follow over time. Also, the pattern of the co-occurrences discovered from the 
index CIAF+Anemia was studied across different background characteristics. It was observed that 
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male children, those born with low birth weight, those with birth order four or more, those born to 
underweight mothers or short-height mothers or mothers consuming a lower quantity of diet, those 
from poorer households, rural backgrounds, those using an unimproved source of toilet facilities and 
those from the caste SC/ST/OBC showed more association with having dual and triple burdens of 
undernutrition in comparison to their counterparts. Children above two years of age, those whose 
delivery took place at an institution and those with literate mothers were less susceptible to clustering 
of multiple forms of undernourishment compared to their counterparts. Talking about the two most 
prevalent burdens, the burden "SUA" is more prevalent in children having undernourished mothers, 
whereas "only Anemia" is found more amongst children with overnourished or overweight mothers. 
In most scenarios, the burden of "only Anemia" showed an opposite pattern compared to the pattern 
observed in the case of dual and triple burdens of child undernutrition. From the spatial 
autocorrelation analysis, we infer that the "only stunting" from the new index is more clustered 
spatially compared to the "only stunting" from the index of CIAF. From the bi-variate analysis, we 
infer that the spatial pattern of stunting in general is far from what was observed in the case of "only 
stunting" from both indices. Hence, it can be inferred that "only stunting" is a condition that may be 
treated separately. Similarly, a weak positive autocorrelation was found between overall anemia and 
"only Anemia", and they also may be treated as distinct conditions. The burden "SUA" was found to 
be highly clustered alongside Stunting, Underweight and Anemia. Overall, the present study 
contributes to understanding burdens and clustering of undernutrition at various levels, which can 
help develop screening measures to identify such high-risk individuals or districts and target 
interventions for marginalised groups accordingly. 
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