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Introduction 
Child under-nutrition is the major public health 

issue in many developing countries such as India. 
It also continues to be one of the principal causes 
of ill-health and premature mortality and morbidity 
among children of these countries [1-3]. The 
World Health Organization (WHO) has estimated 

that 60.0 % of the 10.9 million deaths that occur 
annually among children aged less than five 
years in the developing countries are associated 
with under-nutrition [4]. Studies on nutritional 
assessment among children in India remain a very 
challenging task. The country’s large population 
size, it’s poverty-stricken population groups, 

Conventional nutritional indices and Composite Index of Anthropometric 
Failure: which seems more appropriate for assessing under-nutrition among 
children? A cross-sectional study among school children of the Bengalee 
Muslim Population of North Bengal, India

Jaydip Sen, Sima Dey, Nitish Mondal
Department of Anthropology, University of North Bengal, India
Correspondence to: Jaydip Sen, Department of Anthropology, University of North Bengal, P.O.: NBU, Raja Rammohunpur, Dist.: 
Darjeeling-734013, West Bengal, India. E-mail: jaydipsen@rediffmail.com

Abstract 
Background: Stunting, wasting and under-weight have been conventionally utilized to assess the prevalence 
of under-nutrition among children. As these indices grossly underestimate this prevalence mainly due 
to overlapping of the children into multiple categories of anthropometric failure, there is a need for an 
appropriate single measure to assess this prevalence and identify the more susceptible individuals. The 
present study tries to ascertain whether the use of the Composite Index of Anthropometric Failure (CIAF) is 
more appropriate than the conventional indices for the estimation of under-nutrition among children.
Methods: The present cross-sectional study was undertaken to compare the prevalence of under-nutrition 
using both the conventional indices and the CIAF among 1143 children aged between 5 years to 11 years 
(565 boys; 578 girls) belonging to the Bengalee Muslim Population (BMP), and residing in the district of 
Darjeeling, West Bengal, India. The children were selected using a multi-stage stratified random sampling 
procedure. The data was collected during the period from February 2009 to May 2010. Height and weight 
of the children were recorded using standard procedures. The conventional anthropometric indices and the 
CIAF were compared with the National Center for Health Statistics reference data to determine the prevalence 
of under-nutrition. A child having a value 2SD’s below that of the reference median in any of these indices 
was classified as suffering from under-nutrition. All the necessary approvals and consents were obtained 
from the Gram Panchayets and school authorities, and the study was conducted in accordance with the 
ethical guidelines for human experiments as laid down in the Helsinki Declaration of 2000.
Results: Using the conventional indices, the prevalence of under-nutrition was observed to be 17.4% 
(wasting), 38.5% (stunting) and 47.0% (under-weight). However, with the use of the CIAF, this prevalence 
increased to 57.6% and included both single and multiple anthropometric failures. The prevalence of CIAF 
was observed to be higher among boys (60.4%) than girls (54.8%), although the differences were not 
statistically significant (chi-value = 0.96; d.f. 1, p> 0.05). Using the conventional indices too, boys were 
more affected than girls (stunting: chi-value = 0.20; d.f. 1, p> 0.05; wasting: chi-value = 1.94; d.f. 1, p> 0.05; 
under-weight: chi-value = 2.81; d.f. 1, p> 0.05).    
Conclusions: It is concluded that under-nutrition among BMP children is a serious health issue. According to our 
results, the majority of these childrenaged between 5 and 11 years were under-weight, followed by stunting and 
wasting. The use of the CIAF increased this prevalence. The potential advantage and appropriateness of using 
CIAF over conventional indices for evaluating child under-nutrition is discussed. Further studies are recommended 
for the comprehensive understanding of the scenario of under-nourishment in different Indian populations using 
CIAF. Nutritional intervention programmes are necessary to improve the nutritional status of the children covered 
in course of this study.   
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socio-economic disparities, high percentage of 
illiteracy and inadequate health facilities, all pose 
serious challenges to such studies. The situation 
remains the same in the northern part of the 
state of West Bengal, an area popularly known 
as North Bengal. Given the region’s general 
backwardness in educational, health and medical 
facilities, individuals residing in this area remain 
very vulnerable to under-nutrition [5-7]. Studies 
have also reported that the magnitude of under-
nutrition was appreciably high among children of 
this region [8-10].    

The anthropometric measurements of height and 
weight along with age have been conventionally 
used to evaluate child under-nutrition [11]. 
The three conventional anthropometric indices 
of stunting (low height-for-age), wasting (low 
weight-for-height) and under-weight (low weight-
for-age) have generally been used for evaluating 
the nutritional status [3, 11]. According to the 
WHO, these indices reflect distinct biological 
processes and their uses are necessary for 
determining appropriate nutritional interventions 
[11]. It needs to be mentioned here that the 
first and foremost aim of nutritional assessment 
studies among children is to determine the design 
and timing of different nutritional programs to 
be launched to combat child under-nutrition 
[12].  Children experiencing stunting and wasting 
are considered to be under-nourished, with the 
former indicating chronic under-nutrition and 
the latter associated with acute under-nutrition. 
The index of under-weight is used as a composite 
measure of stunting and wasting, but does not 
distinguish between the two [3, 11, 13]. The 
Body Mass Index (BMI) is another surrogate 
anthropometric indicator that can be utilized for 
the assessment of the nutritional status among 
children and this assessment is done in terms 
of thinness (low-BMI-for-age) [11, 14]. Although 
the interpretation of BMI is complicated by the 
changes that occur in weight, height and body 
composition during child and adolescent growth 
[15, 16], the WHO has recommended the use of 
BMI for assessing the nutritional status of children 
(0 year to 5 years) and adolescents in terms of 
thinness by a comparison with a representative 
reference norm [17, 18]. 

It is now agreed that the conventional indices 
discussed above only allow for the categorization 
of children into the general categories of under-
nutrition and do not provide an opportunity 
to determine the overall prevalence of under-
nutrition that is associated with multiple failures 
[3, 19, 20]. As a result, it has been opinioned that 
these conventional anthropometric indices alone 

were not sufficient and that the number of under-
nourished children was being under-estimated 
primarily due to overlapping of the children into 
multiple categories of anthropometric failure. It 
has been further suggested that the conventional 
anthropometric indices are unable to depict the 
overall prevalence of under-nutrition because a 
researcher has to ‘choose’ a certain category of 
anthropometric failure for assessing nutritional 
status [20]. Hence, while some stunted children 
may not be affected with wasting and/or under-
weight, and other similar combinations, others 
might suffer from all three nutritional failures of 
stunting, under-weight and wasting [3, 13, 19, 21]. 

Subsequently, the use of the Composite 
Index of Anthropometric Failure (CIAF), 
which is an aggregated single anthropometric 
measure providing an overall estimate of under-
nourishment in children, has been proposed [3, 
19]. The original model, proposed by Svedberg 
[19], comprised of 6 sub-groups of anthropometric 
failure (Groups A-F) to which Nandy et al. [3] 
supplemented one more sub-group (Group Y). 
The CIAF includes those children who experience 
stunting, classification under-weight, wasting and 
multiple failures (Groups B-Y) and excludes those 
children who do not exhibit any anthropometric 
failure (Group A). These composite groups 
include children who have a height and weight 
appropriate for their age of reference and show 
data that are not considered as anthropometric 
failure. On the other hand, children whose height 
and weight for their age are below the reference 
are, thus, experiencing one or multiple forms of 
anthropometric failure [3]. The combination of 
‘wasted and stunted’ is not included in the CIAF 
classification as it is physically impossible for a 
child to simultaneously experience stunting and 
wasting and not be under-weight [3]. 

Using the conventional indices of stunting, 
wasting and under-weight, there have been 
a number of studies on the assessment of 
nutritional status of children both from India 
and abroad [22-29]. But very few studies have 
used the CIAF to assess nutritional status of 
children primarily because the development of 
this index is quite recent. Most of the studies 
on nutritional status and the CIAF have been 
conducted among children aged less than 5 years 
and belonging to different non-Indian and Indian 
ethnic populations [3, 8, 20, 21, 30-33]. In the 
present study, the prevalence of under-nutrition 
has been documented in a group of children 
aged 5 years to 11 years and residing in North 
Bengal, assessed using both the conventional 
indices and the CIAF. The hypothesis is that the 
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use of the CIAF appears to be more appropriate 
than the conventional nutritional indices for the 
estimation of under-nutrition among children 
aged 5 years to 11 years.  

Materials and methods
Study region, subjects and method of sampling 

The area known as North Bengal lies in the 
state of West Bengal, India and comprises the 
districts of Darjeeling, Jalpaiguri, Cooch Bihar, 
North Dinajpur, South Dinajpur and Malda. The 
area chosen for the present study is located in 
the Darjeeling district of this region. A number of 
tribal (Lepcha, Rabha, Meche, Toto, Oraon, Santal 
and Munda), and non-tribal (Rajbanshi, Bengalee 
Caste and Bengalee Muslim) populations inhabit 
this region. The present cross-sectional study was 
carried out among school going children aged 
between 5 years to 11 years and belonging to the 
Bengalee Muslim Population (BMP). According to 
the 2001 census of India, the Muslim population 
accounted for approximately 12.0% of the total 
population of the country. Ethnically, the BMP 
is a Bengali-speaking ethnic community and 
by religion faithful to Islam and constitutes of 
20.2 million individuals or 25.3% of the total 
population of the state of West Bengal [34].  
The Muslim population is the largest minority 
population in India, whose representatives are 
generally poorer, less educated and belong to 
the most vulnerable segments of society [35, 36]. 
More often, they are economically backward, 
with more than 70.0% living below the poverty 
line [37]. Between 1961 and 2001, the Muslim 
population has grown from 47 million to 138 
million, a growth of 193.0%, which has been 
the highest recorded increase compared to that 
any other population group in the country. 
A number of states have witnessed very large 
population growth among Muslims, and West 
Bengal happens to be one of those states. It 
has also been reported that Muslims have been 
at the lowest step of the ladder in terms of the 
basic categories of socio-economic indicators 
of development [38]. Several authorities have 
opinioned that a certain caste system exists 
among Muslims, which forms a basis for social 
relations, but its form has been greatly weakened 
and modified [39, 40]. Moreover, Muslims 
generally practice consanguineous marriages, 
which have significant effects on their fertility, 
mortality, and net-fertility rates [41, 42]. Limited 
numbers of nutritional assessment studies have 
been carried out among BMP children and adults 
in the state of West Bengal, but none of them 
have used the CIAF [9, 31, 43, 44]. 

The children in the context of this study were 
the residents of Phansidewa block, under Siliguri 
sub-division, Darjeeling district, West Bengal. 
The study area is a predominantly a rural and 
remote area located approximately 40 km to 
45 km from the sub-divisional town of Siliguri. 
The children were students in 12 different 
primary schools under three Gram Panchayets 
(local level governing authorities) of Phansidewa 
block. These schools have a large percentage 
of Muslim students. The data was collected 
during the period from February 2009 to May 
2010. All necessary approvals and consents 
were obtained from the Gram Panchayets and 
school authorities. The study was conducted 
in accordance with the ethical guidelines for 
human experiments as laid down in the Helsinki 
Declaration of 2000 [45].  

The children were selected using a two-stage 
stratified random sampling method. Initially, 
children belonging to the BMP were identified 
from the schools based on their surnames which 
were subsequently verified from the school and 
Gram Panchayet records. In the first stage, a 
total of 1326 BMP children were identified and 
approached for the study. Of these, 18 children 
disagreed to participate in the study. The age 
of the remaining 1308 children was determined 
from the school records which were subsequently 
verified from their birth certificates issued by the 
Gram Panchayet authorities. However, the date 
of birth of 97 children was not available in the 
school records and/or Gram Panchayet records 
and, as such, these were excluded from the 
study. An additional 68 children were excluded 
as they were either below or higher than the 
age range under study. Hence, the final study 
sample comprised of 1143 children (565 boys; 
578 girls). Special attention was given so that 
each category (sex/age) had a minimum of 60 
individuals. All the children were physically 
normal and devoid of any deformities. 

A modified version of the Kuppuswamy scale, 
proposed by Mishra and Singh [46], was utilized 
to determine the socio-economic status (SES) of 
the children. Relevant data on monthly family 
income, education and nature of occupation was 
obtained utilizing pre-structured and pre-tested 
schedules for the purpose. It may be noted here 
that, in a number of nutritional assessment studies 
among different Indian ethnic populations, this 
modified Kuppuswamy scale has been used to 
determine the SES [9, 47, 48]. The schedules were 
completed by interviewing parents and carrying 
out home visits. It was subsequently observed 
that all the children belonged to a lower SES. 
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Anthropometric measurements recorded 
The anthropometric measurements recorded 

were height and weight following a standard 
procedure [49]. Height of the children was 
recorded with the help of an anthropometer to 
the nearest 0.1 cm. The weight of the children 
was recorded with children wearing minimum 
clothing using a portable weighing scale to the 
nearest 0.5 kg. The anthropometric measurements 
were taken by two of the authors (SD and NM). 
The intra-observer and inter-observer differences 
were calculated in order to test the reliability of the 
collected measurements using the technical error 
measurement (TEM) following the method used 
by Ulijaszek and Kerr [50]. The TEM values were 
within the cut-off limits. Hence the measurements 
taken by both the authors were deemed reliable. 

Assessment of nutritional status
The prevalence of under-nutrition was 

evaluated both using the three commonly utilized 
conventional anthropometric indices of stunting, 
under-weight and wasting [11] and the CIAF [3, 
19]. The interpretation of the three conventional 
indices involves a comparison with an international 
reference population to determine under-nutrition 
[11]. As recommended by the WHO, the data from 
the National Centre of Health Statistics (NCHS) 
[51] has been utilized as the reference population 
for the evaluation of under-nutrition [11]. The 
justification for the use of such a reference 
population is based on the empirical finding that 
well-nourished children in all populations follow 
similar growth patterns [52].  

However, several authorities have expressed 
some concerns about the suitability of the NCHS 
reference data as the basis of comparisons 
for assessing the nutritional status of children 

from developing countries [53-55]. Recently, 
the WHO published child growth standards 
for attained weight and height to replace those 
previously recommended NCHS/WHO [51] 
reference data. These new standards are based on 
breastfed infants and appropriately fed children 
of different ethnic origins, raised in optimal 
conditions and measured in a standardized 
manner [18, 56]. These reference data were 
proposed so as to identify individuals at risk, 
assess response to intervention and facilitate 
international comparison [57]. However, the 
NCHS reference data [51] has been found to 
be consistent with these currently advocated 
international growth references for children 
[11, 58]. It has been reported, however, that 
when using the old and new reference data, 
the prevalence of under-weight decreased in 
children aged 5 months and more, and that the 
prevalence of stunting and wasting increased 
among the same group [59]. Given these issues, 
the NCHS data [51] has been used to assess the 
magnitude of under-nutrition in children of the 
present study. The prevalence of under-nutrition 
has been subsequently assessed utilizing Z-scores 
according to the classification proposed by the 
WHO [11]. A child having values -2SD’s below 
that of the reference median in the indices 
for stunted, under-weight and wasted, were 
classified as under-nourished [11, 60].  

The combination of Svedberg’s [19] model 
of six groups (stunted only, under-weight only, 
wasted only, wasting and under-weight, stunted 
and under-weight and lastly stunted, wasted 
and under-weight) and that of Nandy et al. [3] 
(under-weight only) was utilized for assessing 
under-nutrition using the CIAF. A descriptive 
disaggregation of the CIAF is depicted in Table 1. 
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Groups Description Wasting Stunting Under-weight 

A No failure No No No

B Wasting only Yes No No

C Wasting and under-weight Yes No Yes

D Wasting, stunting & under-weight Yes Yes Yes

E Stunting & under-weight No Yes Yes

F Stunting only No Yes No 

Y Under-weight only No No Yes 

* Based on Nandy et al., 2005 [3]

Table 1. Classification of the Composite Index of Anthropometric Failure (CIAF)*.
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Statistical analysis 
The statistical analysis was carried out using 

SPSS for Windows (Version 15.0). The descriptive 
statistics (mean and standard deviation) of height 
and weight were calculated. One way analysis 
of variance (ANOVA) was used to assess the 
differences in mean height and weight. Chi-
square analysis was performed to determine the 
sex difference in the overall prevalence of under-
nutrition using both the conventional indices and 
the CIAF. Chi-square analysis was also performed 
to assess sex differences in the sub-groups of the 
CIAF. A p-value of less than 0.05 was considered 
to be statistically significant.  

Results 
The analysis of under-nutrition using the 

conventional indices showed that the overall 
prevalence was 17.4% (wasting), 38.5% (stunting) 
and 47.0% (under-weight). Compared to 
conventional anthropometric indices, the CIAF, 
which aggregated children from both single and 
multiple failures, showed the highest overall 
prevalence of under-nutrition to be 57.6% (Table 
2). The prevalence of the CIAF was observed to 
be higher among boys (60.4%) than girls (54.8%). 
The differences were, however, not statistically 
significant when tested by chi-square analysis 
(chi-value = 0.96; d.f. 1, p> 0.05). Observing the 
conventional indices of stunting, wasting and 
under-weight, also suggested that boys were more 
affected than girls (stunting: chi-value = 0.20; d.f. 
1, p> 0.05; wasting: chi-value = 1.94; d.f. 1, p> 
0.05; under-weight: chi-value = 2.81; d.f. 1, p> 
0.05). 

The age and sex distribution, mean and standard 
deviation of height and weight, the prevalence 
of under-nutrition among children using the 
conventional indices, and the CIAF are shown in 
Table 3. The age and sex specific means of height 
and weight increased with age among both sexes. 
Using ANOVA, the differences were found to be 
statistically significant among both boys (height: 

F = 71.49; d.f. 6, p<0.05; weight: F = 56.62; d.f. 
6, p<0.05) and girls (height: F = 64.07; d.f. 6, 
p<0.05; weight: F = 50.04; d.f. 6, p<0.05). The 
children belonging to the higher age groups were 
found to be more affected by stunting and under-
weight. The highest prevalence was observed in 
both boys (65.8% and 71.2% respectively) and girls 
(60.3% and 66.7% respectively) aged 11 years. The 
overall sex specific prevalence of under-nutrition 
using both the conventional anthropometric 
indices and the CIAF among the BMP children is 
depicted in Figure 1.  For a better understanding 
of the results, the prevalence of under-nutrition 
has been broken up and graphically represented 
in the different age groups under study (Figures 
1a-1g). 

The age and sex specific prevalence of children 
suffering from single and multiple failures in 
different sub-groups of the CIAF (Groups B-Y) 
are depicted in Table 4. Overall, 42.4% of the 
children (boys: 39.7%; girls: 45.2%) showed no 
anthropometric failure (Group A). The results 
indicate that the overall prevalence of under-
nutrition was found to be the highest in Group 
E (overall: 27.2%; boys: 28.7%; girls: 25.8%). 
The incidences were found to be approximately 
similar in Group B (overall: 5.2%; boys: 5.1%; girls: 
5.2%) , in Group D (overall: 5.9%; boys: 6.7%; 
girls: 5.0%) and in Group F (overall: 5.4%; boys: 
4.1%; girls: 6.8%). The incidences of wasting and 
under-weight (Group C) and under-weight only 
(Group Y) were 6.4% (boys: 7.4%; girls: 5.4%) 
and 7.5% (boys: 8.3%; girls: 6.8%) respectively. 
It was further observed, in case of age and sex 
specific prevalence in the sub-groups of the CIAF, 
that boys were found to be more affected than 
their girl counterparts, with the exception being 
in Group F (stunting only). Regarding overall 
prevalence, sex differences were not statistically 
significant (Groups B-Y) when investigated 
through  χ2 analysis (χ2 = 8.38, d.f. 6, p> 0.05). 
Using χ2 analysis, sex differences were also not 
statistically significant (p>0.05) when the data 
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Indices Boys (N= 565) Girls (N=578) Total (N=1143)

Wasting 109 (19.3) 90 (15.6) 199 (17.4)

Stunting 223 (39.5) 217 (37.5) 440 (38.5)

Underweight 289 (51.2) 248 ( 42.9) 537 (47.0)

CIAF 341 (60.4) 317 (54.8) 658 (57.6)

Values in parenthesis indicate percentages

Table 2. Overall prevalence of under-nutrition using the conventional indices and the CIAF among the BMP children.
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Table 3. Age and sex specific descriptive statistics of height and weight (mean ± SD), prevalence of under-nutrition using the 

conventional indices and the CIAF among the BMP children.
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Figure 1. Overall prevalence of under-nutrition using the conventional anthropometric indices and the CIAF among the BMP children.

Figure 1a. Prevalence of under-nutrition using the conventional anthropometric indices and the CIAF among the BMP children aged 5 years.

Figure 1b. Prevalence of under-nutrition using the conventional anthropometric indices and the CIAF among the BMP children aged 6 years.
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Figure 1c. Prevalence of under-nutrition using conventional anthropometric indices and the CIAF among BMP children aged 7 years.

Figure 1d. Prevalence of under-nutrition using the conventional anthropometric indices and the CIAF among the BMP children aged 8 years.

Figure 1e. Prevalence of under-nutrition using the conventional anthropometric indices and the CIAF among the BMP children aged 9 years.
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was split into the sub-groups of the CIAF (B-Y). 
The age and sex specific disaggregation of the 
children into different CIAF indices is also shown 
in Figure 2.    

Discussion 
There appears to be a need for an appropriate 

single measure to assess the magnitude of under-
nutrition and identify susceptible groups in 
the population, as studies have indicated that 
under-nutrition is closely associated with a larger 
proportion of child mortality with adverse health 

outcomes [61-64] and with children suffering 
from different forms of ill-health as compared 
to normal children [65, 66]. An under-nourished 
child has a far lower chance of survival than a 
child who is well-nourished. This is where the 
use of the CIAF bears prime significance as an 
assessment tool of the accurate prevalence of 
under-nourishment in the target population. As 
the use of the CIAF is a recent development, 
there are a handful of studies that have reported 
the extent of the prevalence of under-nutrition 
among Indian children using this instrument [3, 

IJPH - Year 9, Volume 8, Number 2, 2011
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Figure 1g. Prevalence of under-nutrition using the conventional anthropometric indices and the CIAF among the BMP children aged 11 years.

Figure 1f. Prevalence of under-nutrition using the conventional anthropometric indices and the CIAF among the BMP children aged 10 years.
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Table 4. Age and sex specific prevalence in the different groups of the CIAF among the BMP children.
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8, 21, 31-33, 67]. Nandy et al. [3] utilizing data 
from the National Family Health Survey (NFHS-
2) of 1998-99, reported that the prevalence of 
under-nutrition was 59.8% while Seetharaman et 
al. [21] reported that 68.6% of children of Tamil 
Nadu were under-nourished. Using the CIAF, a 
very high prevalence of under-nutrition has been 
reported among children from different districts 
of West Bengal. This prevalence was 73.1% in 
Hooghly [33], 66.3% in Purulia [32], 65.6% in 
Darjeeling [8] and 60.4% in Nadia [31]. However, 
all these studies have been conducted among 
children aged 1 year to 6 years.  

The present study is the first of its kind to 
extend the use of CIAF to child groups aged 5 
years to 11 years. A high incidence of under-
nutrition (57.6%) was observed among these 
children using the CIAF. This is considerably 
higher than the prevalence obtained using the 
three conventional nutritional indices. Using the 
CIAF, an overall 57.6% of these children showed 
single and multiple anthropometric failures 
whereas the conventional indices had depicted 
17.4% (wasting), 38.5% (stunting) and 47.0% 
(under-weight). As a result, the CIAF provided 
an additional prevalence of 40.2% (wasting), 
19.1% (stunting) and 10.6% (under-weight) to the 
quantity of child under-nourishment as compared 
to that by the conventional indices. 

Very recently, Mondal and Sen [9] reported 
that a very high proportion of children residing 
in the district of Darjeeling, West Bengal, was 
suffering from stunting, under-weight and wasting 
(Rajbanshi: 35.9%, 37.4% and 13.6%; tribal ethnic 
communities: 41.7%, 50.6% and 23.5%). The 
incidences of stunting and under-weight observed 

in the present study were higher than the Santal 
children of Purulia district of West Bengal, as 
reported by Chowdhury et al. [68] (stunting: 
17.6%; under-weight: 33.7%).  However, the 
prevalence of stunting was lower than that 
reported for the Kamar children of Chhattisgarh 
(50.0%) [69] and the Oraon children of North 
Bengal (54.0%) [5]. Very recently, a cohort study 
reported that there was a significant decline in the 
prevalence of under-weight from 38.4% (2003-04) 
to 29.9% (2005-06) among children aged 5 years 
to 16 years in Ernakulam district of Kerala [70]. 

The CIAF can be disaggregated based on its sub-
groups (Groups B-Y) to investigate the possible 
risk factors and to correlate them with the specific 
causes of mortality and morbidity patterns where 
conventional anthropometric indices have failed 
to identify groups of children with multiple 
failures [21, 71] The use of the CIAF helps to 
visualize the a truer picture and identify the high 
risk groups better. This disaggregation provides 
for a far more comprehensible depiction of 
under-nutrition which conventional indices do 
not predict [3, 21]. In the present study, 39.5% 
of the children showed double and/or multiple 
failures (e.g., C, D and E groups) as compared to 
single anthropometric failure (18.1%) (e.g., B, F 
and Y groups). These interesting applications of 
the CIAF as a tool for assessing under-nutrition 
among the vulnerable segments of a population 
would be considerably helpful for health and 
policy planners, a fact that has been opinioned 
earlier by Nandy et al. [3]. Children have a greater 
risk of illnesses and they are more likely to belong 
to a lower socio-economic background, a fact that 
is supported by the Kuppuswamy’s index. The 
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Figure 2. Age and sex specific prevalence in different sub-groups of the CIAF among the BMP children.years.
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BMP children under study belonged to a lower 
SES group that was determined using a number 
of variables such as parents’ education, nature 
of occupation and family income. The major 
underlying factors for the prevalence of under-
nutrition are poor socio-economic conditions in 
different Asian countries and the environmental 
and ethnic differences [22]. It is a well established 
fact that under-nourished children are more likely 
to come from poorer backgrounds [3, 72], and 
one of the key causes of under-nutrition in among 
Indian populations is related to the lack of access 
to sufficient food and resource inequality [73]. 
However, further studies should be initiated to 
understand whether children who are identified 
as under-nourished by the CIAF are more likely 
to be ill and susceptible to diseases, as compared 
with those experiencing singular failures such 
as stunting, wasting and under-weight. In this 
context, the studies of Nandy et al. [3] and 
Deshmukh et al. [67] on diarrhea and acute 
respiratory infection, and acute childhood disease 
related morbidities with the CIAF respectively, 
are an encouraging step forward. 

The present study has successfully documented 
the prevalence of under-nutrition among Bengalee 
Muslim children aged 5 years to 11 years of the 
Darjeeling district, West Bengal, India, using 
both conventional anthropometric indices of 
stunting, under-weight and wasting, and the CIAF. 
The potential advantage and appropriateness 

of using the CIAF over the conventional 
indices for evaluating child under-nutrition has 
also been discussed. The advantageous use of 
the CIAF will serve to bring more precision 
to the identification of the more nutritionally 
vulnerable segment of the population. This 
composite measure has the sufficient potential to 
enhance the efficacy of nutritional intervention 
programs by identifying double or multiple failure 
groups. Further studies are recommended for a 
comprehensive understanding of the scenario 
of under-nourishment in different Indian ethnic 
communities using the CIAF. Studies should also 
be initiated to document the increase in mortality 
morbidities among children who are affected with 
multiple failures. Such studies are necessary for 
the introduction of any supplementary nutritional 
intervention program aimed at target populations. 
Moreover, as the ultimate goal of nutritional 
assessment studies is to improve human health, 
nutritional intervention programmes are necessary 
to ameliorate the nutritional status of the children 
covered in course of this study.   
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