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Introduction

A trend of developmental transition with varying 
rates is underway in most of the developing countries 
including India and its Northeastern parts.[1-3] Transition 
can be observed in all aspects of human life including 
disease pattern, demographic and dietary pattern, 
socioeconomic and ecological conditions.[4] Some of the 
major consequences of this transition are described to be 
rapid spread of urbanization, increasing magnitude of 
socio-economic differences and coexistence of overweight 
along with thinness.[5] In spite of that research related to 

the prevalence of malnutrition particularly overweight 
cases among the children in the light of developmental 
transition is very meager in India and no such study 
has been reported from Northeast India. Therefore the 
present study is undertaken to detect the prevalence 
of the dual burden of malnutrition i.e. thinness as well 
as overweight (if present) among the Mising, a Tibeto-
Burman tribal population from Northeast India.

Body mass index [weight (kg)/height (m)2] is used 
extensively to measure malnutrition among adults[6] and 
a growing interest has developed to use it among the 
children and adolescents.[7-9] Till date we have various 
international references available to detect the prevalence 
of malnutrition particularly overweight and thinness 
among the children. These include reference based on 
Childhood Obesity Working Group of the International 
obesity task force (IOTF),[9] reference prepared on the 
data from United States Survey conducted in 1971- 74,[7,8] 
reference available from United States Centers for 
Disease Control and Prevention (CDC, 2000)[10] and 
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the recently developed reference from World Health 
Organisation-2007[11] and IOTF-2007.[12] Though they 
were mainly developed to use in the developed countries 
from where the subjects were originally recruited but we 
can also find the use of these references in developing 
countries due to the lack of such national reference. [13,14] 
With these references various studies projected the 
dual burden of overweight and thinness in different 
population groups.[15,16] With this backdrop the present 
study aims to find out the difference in the prevalence of 
malnutrition applying different international references 
as these references are useful to compare between studies 
and countries.

Materials and Methods
The present study was conducted among the Mising 
tribal population of Assam and the feasibility as well 
as ethical issues related to the study was evaluated by 
the local Department Research Committee, Dibrugarh 
University. During the study informed consent was 
taken as per the ethical consideration of Helsinki 
declaration. The Mising population is a scheduled tribe 
population of Tibeto-Burman linguistic family which 
mainly concentrates in Upper Assam, India. They 
constitute the second largest tribal population of Assam. 
In the present study the age of the Mising children ranges 
from 6 to 10 years.

A representative sample of 511 children (256 male 
and 255 female) was selected using multistage cluster 
sampling. The study has been conducted in Upper 
Assam, India from December 2006 to November 2008 
at various intervals. Students’ reported age and date of 
birth were verified against the school records as well 
as with the help of local event calendar. The minimum 
sample size needed for the study was calculated 
following Lwanga and Lemeshow[17] and one earlier 
study on Mising children.[18] Anthropometric data on 
height and weight were measured following Weiner and 
Lourie.[19] Precision of the measurements was assessed by 
the technical error of measurement (TEM) as suggested 
by Malina et al.[20] The TEM values were measured using 
the formula,

TEM D N= ∑( ) /2 2 ,� (1)

and was found well below the maximum accepted TEM 
reference values reported by Ulijaszek and Kerr.[21] 
Depending on the BMI values, thinness and overweight 
cases were detected on the basis of the following datasets.

The World Health Organization (WHO-2007) reference is 
based on the sample used to construct the original NCHS 
charts. It relied on GAMLSS with the Box-Cox power 
exponential developmental distribution and LMS model. 

It allows unrestricted calculation of BMI percentile and 
Z-score curves on the continuous age scale from 5 to 
19 years.[11] Here a score more than 1 SD cutoff point is 
regarded as overweight case whereas a score less than 
-2 SD is regarded as thin.

The IOTF reference[9] has published a series of sex-
age-specific BMI cut-off (from 6 to 18 years) and are 
developed from sex specific BMI-age curves that pass 
through a BMI of 25 for overweight and 30 for obesity 
at age 18 based on LMS method. For the detection of 
thinness IOTF constructed reference cutoffs based on 
the recommendation of WHO definition of thinness 
among adults.[12]

The Must, Dallal and Deitz 1991 reference (MUST 
reference) is based on the data from the US (NHANES I) 
surveys. It has been recommended to use BMI 85th 
percentile to classify child overweight.[7,8] The percentile 
values were evaluated by the curve representing specific 
percentile variation with age and were smoothed by 
lowess. Here the 5th and 85th percentiles have been taken 
as a cut off for thinness and overweight respectively.

The United States Centers for Disease Control and 
Prevention (CDC 2000) reference is the revised version 
of the NCHS 1977 growth charts.[10] Here 85th percentile 
is used to describe the risk of overweight following the 
advice of the US Expert Committee on childhood obesity. 
At the lower end of the distribution of BMI-for-age, 
an analogous chart is used to assess thinness using 5th 
percentile as a cutoff mark.

Statistical Analysis
Standard statistical analysis has been used in the present 
study. Sex differences in the prevalence of malnutrition 
were tested using χ2 test. Kappa coefficient has been 
considered to see the inter reference variation. This has 
been calculated by considering kappa = (P0-Pe)/(1-Pe), 
where Pe = expected probability of agreement by chance 
and P0= observed probability of agreement. A kappa with 
a value of ≥ 0.4 has been taken as a data with moderate 
agreement, whereas the same with ≥ 0.8 is considered 
as a good agreement.[22]

Results
Figure 1 describes the mean BMI of the Mising children 
according to age and sex. The mean BMI increases with 
age in both sexes. Mean BMI values are found to be higher 
in boys compared to girls in all age groups however no 
significant difference has been found in this respect. The 
age sex standardized prevalence of thinness as well as 
overweight cases according to various references has 
been presented in Table 1. The percentage frequency 
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distribution of thin, normal as well as overweight cases 
with respect to different references has been provided 
in Figure 2. Table 1 suggests a considerable prevalence 
of overweight cases along with the persistent occurrence 
of high thinness among the Mising children. The table 
suggests that in terms of thinness all the four references 
show consistently high thinness in all the age groups. 
In both the sexes CDC reference shows a considerable 
higher prevalence of thinness (27.73% for boys and 
28.23% for the girls) than the other references. With this 
reference the prevalence of thinness increases with age in 
both sexes. The new references of WHO and IOTF detect 
somewhat low prevalence of thinness in comparison to 
the MUST and the CDC data sets.

On the other hand the overall prevalence of overweight 
follows a similar trend in both the sexes. WHO, IOTF 
and CDC detects 7.81%, 1.95%, 2.73% of the boys and 
6.66%, 1.96%, 2.74% of the girls to be overweight. Only 
MUST reference detects a significantly higher frequency 
of overweight among the boys (9.41%) than in the girls 
(3.51%). This is only because MUST reference detects 

a very high frequency of overweight case among the 6 
years age girls (30.1%). Among all the references IOTF 
reference predicts comparatively low prevalence of 
overweight case.

The calculated kappa coefficients with regard to the 
comparative analysis of malnutrition between different 
references have been presented in Table 2. With regard 
to the detection of thinness the Kappa coefficient values 
(boys = 0.98 and girls = 0.95) suggest an excellent 
agreement between WHO and IOTF references in both 
sexes. Whereas in terms of overweight cases IOTF 
reference shows an excellent agreement with CDC 
reference in both the sexes (kappa = 0.82 in boys and 
kappa = 0.82 in girls). The Kappa values also show very 
low agreement between WHO and IOTF among the boys 
(0.380) and between IOTF and MUST among girls (0.322).

Discussion
Extensive data are available on the frequencies of 
child undernutrition particularly thinness but very 
few publications report the frequencies of overweight 
among the tribal children of developing countries like 

Table 1: Prevalence of thinness and overweight (%) among the mising children
Reference Boys Girls

6 7 8 9 10 Total 6 7 8 9 10 Total χ2

(n = 51) (n = 52) (n = 50) (n = 51) (n = 52) (n = 256) (n = 53) (n = 52) (n = 50) (n = 50) (n = 50) (n = 255)
Age wise prevalence of thinness

WHO 21.5 11.5 24.0 21.5 7.6 17.18 20.7 7.6 20.0 24.0 24.0 19.21 0.352
IOTF 21.5 11.5 20.0 17.6 17.3 17.57 20.7 7.6 22.0 26.0 20.0 19.21 0.227
MUST 19.6 15.3 30.0 35.2 25.0 25.00 20.7 9.6 28.0 34.0 34.0 25.09 0.000
CDC 23.5 23.0 32.0 31.3 28.8 27.73 26.4 19.2 28.0 34.0 34.0 28.23 0.000

Age wise prevalence of overweight
WHO 5.8 5.7 8.0 9.8 9.6 7.81 3.7 7.6 6.0 8.0 8.0 6.66 0.249
IOTF 1.9 1.9 - 1.9 3.8 1.95 - 3.8 2.0 2.0 2.0 1.96 0.000
MUST 8.0 3.8 - 1.9 3.8 3.51 30.1 7.6 4.0 2.0 2.0 9.41 7.354*

CDC 1.9 3.8 2.0 1.9 3.8 2.73 1.8 3.8 4.0 1.9 1.9 2.74 0.000
*Significant at 5% level, WHO: World Health Organization, IOTF: International obesity task force, CDC: Centers for disease control, MUST: Must, Dallal and Deitz

Figure 1: Mean BMI (± S.E.) across ages among the Mising children
Figure 2: Frequencies of thin, normal and overweight children 
assessed on the basis of four different sets of criteria
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India particularly from Northeast India. Perhaps, the 
prevalence of overweight in our study can be explained 
by the recent trend of socio-economic transition coupled 
with nutrition transition in Northeast India.[2] The 
existence of this double burden of malnutrition poses a 
challenge for public health intervention at population 
level as the overweight children are at the higher risk 
of non-communicable and degenerative diseases at 
adulthood.[23] Various socio-economic factors play a role 
in the phenomena of such nutrition transition. It is not 
only availability and household level access to food that 
determines nutritional status of children. Factors like 
education, sanitation, access to water, accessibility and 
quality of health services, cultural attitudes and beliefs 
are also equally important in this aspect.

Except MUST criteria all the references detect higher 
prevalence of overweight among the boys than the girls. 
Higher prevalence of overweight among boys has also 
been observed in other studies.[24]

In terms of the estimate rate of overweight, IOTF 
reference predicts the lowest prevalence of overweight 
in both the sexes. Other studies also suggest lower 
estimate of overweight with the use of IOTF reference. [25] 
It gives us an idea that age specific cut-off values like 
IOTF are more rigid to detect the overweight cases than 
the BMI centile based standards like WHO, MUST and 
CDC. However there are studies where IOTF standard 
produces higher estimates of overweight and obesity 
than the BMI centile based MUST reference.[26]

The prevalence of thinness is found to be higher among 
the girls than in the boys. It is somewhat inconsistent to 
the general trend found in most of the studies from other 
countries. It has already been reported that vulnerability 
to poor environmental conditions like infections and 
nutritional deprivation towards thinness is greater in 
boys than in girls.[27] Our study shows the trend of higher 
thinness among girls in the early childhood period and 
here age sex grouping may be an important factor for 
such outcome. Similar findings of higher thinness among 

girls than boys are available in some other studies.[28,29] 
CDC reference estimates higher prevalence of thinness 
than any other references. The WHO and IOTF references 
detect almost similar prevalence of thinness in both sexes 
which is consistent with a recent finding.[14]

The differences in the estimated prevalence of thinness 
and overweight with the application of different 
references can be explained by the difference of cut-
offs that can be explained by the factors like period 
and country of source for the reference, the design 
of the study and the smoothing procedure applied 
to construct the references. Where, MUST reference 
applied a locally weighted regression scatter-plot 
smoothing procedure, WHO, IOTF and CDC reference 
used the LMS method for smoothing their data. 
Therefore it will be prudent to understand the nature 
of any international reference before applying it to any 
population based study.

Conclusion
Considerable prevalence of overweight despite a 
persistently high burden of thinness among Mising 
children may suggest existence of nutrition transition 
in Northeast India and calls for detection of overweight 
cases in other nearby population groups. Searching for 
the determinants of overweight in these population 
groups will be a promising field for future study. 
Prevalence of malnutrition differs with the application 
of different references which warrants application of 
international references carefully for any potential 
misclassification of children. The differences obtained 
by applying different cutoff points at individual as well 
as population level are important for further studies that 
seek to answer certain questions that whether certain 
cutoff points are linked with morbidity or mortality 
endpoints or not. There is no local standard or reference 
available to define overweight and thinness among 
the children from Northeast Indian region. It may be 
possible that the population groups from Northeast 
Indian region have different growth characteristics 

Table 2: Kappa values: Agreement of different references for thinness and overweight
References Thinness Overweight

IOTF (Kappa) MUST (Kappa) CDC (Kappa) IOTF (Kappa) MUST (Kappa) CDC (Kappa)
Boys (6 to 10 years combined)

WHO 0.980 0.767 0.701 0.380 0.601 0.498
IOTF 0.780 0.714 0.706 0.820
MUST 0.929 0.871

Girls (6 to 10 years combined)
WHO 0.950 0.830 0.753 0.437 0.558 0.566
IOTF 0.807 0.732 0.322 0.820
MUST 0.919 0.427

IOTF: International obesity task force, CDC: Centers for disease control, MUST: Must, Dallal and Deitz
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from the populations that were selected to develop the 
international references. Thus a local age-specific BMI 
references and cut-offs for children and adolescents 
are of an urgent need which may accurately provide 
predictive risks of significant metabolic morbidity and 
disease burden throughout the lifecycle. In this respect 
consideration of the molecular mechanism related to the 
different form of malnutrition will be an additional input 
to come to a final conclusion.
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