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Abstract

Objectives: To calculate the sensitivity, specificity and agreement of body mass index
(BMD values proposed by Cole et al. (Br. Med. J. 2000; 320: 1) and Must et al. (Am. J.
Clin. Nutr. 1991; 53: 839 & 54: 773) with weight-for-height index in the nutritional
evaluation of children.

Design: Criterion standards for diagnostic tests.

Setting: North-east and south-east Brazil.

Subjects: Two thousand nine hundred and twenty children studied in Life Pattern
Research performed by the Brazilian Institute of Geography and Statistics in 1997.
Main outcome measures are the sensitivity, specificity and agreement of BMI values
proposed by Must et al. (1991) and Cole et al. (2000).

Results: Sensitivity of values proposed by both authors was around 90%. Specificity
was almost 100% considering weight-for-height index as the gold standard. The
agreement of both values with weight-for-height index, based on kappa results, was
good and in pre-school children it was excellent.

Conclusions: Values proposed by Cole et al. (2000) and Must et al. (1991) should be
used carefully to screen obesity in childhood but can be used to ‘diagnose’
overweight children with a very low chance of having false-positive results. Although

the values proposed by both authors performed similarly, use of Cole et al’s values Key;lb:rsg;
should be encouraged. The latter cover children from 2 to 6 years old; their values are Overweight
presented for six-month age intervals; they are based on a larger sample from six Adolescence
different countries; and they are related to the definition of adult obesity. Childhood

Obesity is considered a global epidemic by the World
Health Organization (WHO)'. Anthropometry, based on
weight and height measures, is one of the methods used
most frequently to identify people at higher risk of
nutrition disorders, obesity included".

The likelihood of nutritional disorders can be diagnosed
by comparing an anthropometric index to reference
values®. Anthropometric indices are calculated from the
combination of at least two basic measures: weight,
height/stature, sex and age®. Nowadays, body mass index
(BMD is the index used most often to screen obesity. It is
calculated with the formula: weight (in kg) divided by
height (in metres) squared, and was developed by
Lambert Adolphe Jacques Quetelet, a Belgian mathema-
tician, in the 19th century’. This index has been widely
accepted and used in adult anthropometry, with the
highest and lowest limits of normality being based on
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statistical criteria relating to the higher mortality of people
having BMI higher or lower than these values'*~°.

The use of BMI for the nutritional evaluation of children
and adolescents became more common after Must et al.
published their reference data in 19917°. They are
considered reference values by WHO to screen over-
weight and obesity among adolescents'. Since then, new
percentile curves for children and adolescents have been
proposed by several authors” ™1
screen obesity among children, although WHO rec-
ommends the use of weight-for-height index at this age'.

and have been used to

Recently there has been a tendency to use statistical
criteria and continuity for adult BMI values to define
obesity and overweight in childhood and adoles-
cencel 10121618 This s important because obesity
definition in adulthood is based on statistical criteria of
morbidity and mortality and ‘.. [since] there is little frank
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disease during adolescence, it is particularly important to
consider the degree to which adolescent anthropometry
may predict risk factors or disease in adulthood’*. In 2000,
Cole et al'® (under the auspices of the International
Obesity Task Force (IOTF)) proposed BMI cut-off values
pointing out this actual tendency.

The use of these different criteria (BMI cut-off values)
makes comparison of prevalences more difficult* and
the problem of establishing consensual criteria for the
upper limit of normality in children and adolescents has
been cited: ‘development of a consensus measure of
childhood obesity has been limited by the lack of data on
the validity of the BMI as a measure of adiposity; the
absence of a reference population for the assessment of
obesity in other populations; lack of agreement on which
cutoff point to use; and few studies have examined the
sensitivity, specificity, and predictive value of the
persistence of obesity or the development of its
complications’*®. Some comparison of different BMI
values has been already done, but with different statistical
methods than the ones employed in the present work'®?°.

The objective of this paper is to analyse the sensitivity,
specificity and agreement of BMI values proposed as limits
defining overweight and obesity by Cole et al. (IOTF)'°
and Must et al”® with weight-for-height index in the
nutritional evaluation of children.

Methodology

The data used in this study were taken from the CD-ROM
data of Life Pattern Research, a study carried out by the
Brazilian Institute of Geography and Statistics supported
by the World Bank. Interviews and questionnaires,
completed by families selected randomly from the north
and south regions of Brazil, evaluated living conditions,
demographic tendencies (migration, fecundity, birth
aspects), access to education and health, nutrition and
anthropometry?'.

This sample was composed of 19409 adults and
children living in 5000 households, distributed in 554
census areas in the north-east and south-east of Brazil. The
sample was selected through two steps: the first was a
proportional selection of geographical units based on the
Demographic Census of 1991, and the second was a
random selection based on housing type?".

From this database all of the 3786 children (up to 10
years old) were considered, but since no weight or height
information was available for 252 of them, they were not
included in this analysis. Among those 3534 remaining,
614 were less than 24 months old and were not analysed
since Cole et al. IOTF)'® proposed BMI values only for
children aged 2 years or older, making comparison with
younger children impossible. Therefore the data of 2920
children were used in the present study. The upper age
limit of 10 years was chosen because WHO recommends
the use of weight-for-height index to identify obese
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children only (and BMI for identification of obese
adolescents).

The weight and height values and sex were taken from
the main database and stored in Epi Info, version 6.04%%.
BMI was calculated with the formula: weight/(height).
Age was calculated in months as the difference between
the date of the examination and the child’s birth date.

Epi Info calculated the Z-score of weight-for-height
index for each child according to the National Center for
Health Statistics (NCHS) reference values*’. Obese
children were considered to be those with a Z-score
greater than two standard deviations (>2SD) from the
NCHS reference’.

Two programs were developed based on Epi Info to
classify the nutritional status of children according to the
values of Must et al”® and Cole et al. IOTF)' after
grouping them by age and sex. In the first, children with
BMI values lower than the proposed limits for overweight
by each author were considered to be ‘eutrophic’, and
children with BMI values equal to or greater than the
proposed limit for overweight were considered as ‘over-
weight'. The second program used the values proposed as
limits for obesity by each author in the same way as the first
program to classify children and ‘obese’.

So, for each child, five different nutritional classifications
were made: one according to weight-for-height index, two
according to BMI values proposed as the limit for
overweight by Cole et al. IOTF)'® and Must et al.”®, and
another two according to BMI values proposed by both
authors as the limit for obesity. In each of them children
were classified as ‘eutrophic’ or ‘overweight /obese’.

To compare these different nutritional classifications,
children were sorted into classic age group definitions:
pre-school children (2 years to 6 years and 11 months old)
and schoolchildren (7 years to 9 years and 11 months old).
Since Must et al.”® proposed values only for children aged
6 years or older, the calculations involving this reference
were performed only for schoolchildren (7—10 years old).

The classifications were compared by four 2 X 2 tables.
In each one, children were distributed in the vertical
columns by their nutritional classification (eutrophic or
overweight/obese) according to weight-for-height index.
In the horizontal lines, children were distributed according
to values proposed as limits for overweight by Must et al.”®
and Cole et al. JOTF)' (two tables — one for each author)
and obesity (another two tables — one for each author).

Considering weight-for-height index as the gold
standard, the sensitivity and specificity of the values
proposed as limits for overweight and obesity by the two
authors were calculated.

The kappa index was also calculated to measure the
agreement between the nutritional classifications by BMI
values proposed as limits for overweight and obesity by
Cole et al. MOTP)'® and Must et al”® and weight-for-
height index. This method is used when there is no gold
standard. A value of zero means no concordance
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and a value of unity means perfect concordance. The more
the concordance, the higher the kappa value: values less
than 0.40 are considered as weak concordance, values
between 0.40 and 0.75 as reasonable or good concordance
and values higher than 0.75 as excellent concordance®>**,

Results

Of the 2920 children studied, 1744 (59.7%) were pre-
school children and 1176 (40.3%) were schoolchildren.
The sex distribution was 1456 (49.9%) males and 1464
(50.1%) females. The mean age was 71.6 months and the
median age was 73 months.

The prevalence of obesity classified by weight-for-
height index is presented in Table 1.

The sensitivity of BMI values proposed as limits for
overweight and obesity by Cole ef al. IOTF)'® and Must
et al”® compared with weight-for-height index for
schoolchildren, is presented in Table 2. The specificity of
these values is presented in Table 3.

Agreement between nutritional classifications by BMI
values proposed as limits for overweight by Cole et al.
(IOTF)'® and Must et al.”® and weight-for-height index,
measured by the kappa index, is presented in Table 4 for
school-age children.

The sensitivity, specificity and agreement of BMI values
proposed as limits for overweight and obesity by Cole et al.
(IOTP)'®, compared with weight-for-height index, are
presented in Table 5 for pre-school children.

Discussion

In the nutritional evaluation of children, WHO recom-
mends the use of weight-for-height index with Z-score

Table 1 Obesity prevalence (%) classified by weight-for-height
index and Z-score >28SD as cut-off point

Males Females Both
Age (years) % n % n % n
2-7 9.5 861 10.8 883 10.1 1744
7-10 13.6 595 21.5 581 17.5 1176
2-10 11.2 1456 15.0 1464 13.1 2920

SD - standard deviation; % — prevalence of obesity; n — number of
children analysed (sample).

Table 2 Sensitivity (%) of BMI values proposed as limits for over-
weight and obesity by Cole et al. (IOTF)'® and Must et al.”®,
compared with weight-for-height index and Z-score >2SD as
cut-off point, for schoolchildren

Males Females Both

Cole Must Cole Must Cole Must

Overweight 80.2 81.6 49.6 51.5 61.7 63.5
Obesity 34.6 58.6 23.2 33.3 27.6 43.4

BMI — body mass index; IOTF — International Obesity Task Force;
SD - standard deviation.

https://doi.org/10.1079/PHN2002426 Published online by Cambridge University Press

309

Table 3 Specificity (%) of BMI values proposed as limits for over-
weight and obesity by Cole et al. (IOTF)'® and Must et al.”8,
compared with weight-for-height index and Z-score >2SD as
cut-off point, for schoolchildren

Males Females Both

Cole Must Cole Must Cole Must

Overweight 92.9 80.5 92.9 79.6 92.9 80.1
Obesity 100.0 99.5 99.6 98.2 99.8 98.9

BMI — body mass index; IOTF — International Obesity Task Force;
SD - standard deviation.

Table 4 Agreement between nutritional classification by BMI
values 1proposed as limits for overweight and obesity by Cole et al.
(IOTF)'® and Must et al”® and weight-for-height index and
Z-score >2SD as cut-off point, measured by kappa index, for
schoolchildren

Males Females Both

Cole Must Cole Must Cole Must

Overweight 0.66 0.63 0.47 0.47 0.56 0.55
Obesity 0.48 0.69 0.31 0.40 0.38 0.53

BMI - body mass index; IOTF — International Obesity Task Force;
SD - standard deviation.

+2SD from the median as cut-off points because this
defines the central 95% of the reference distribution as the
‘normality’ range. But the biological definition of what is
or is not normal is complex, and the cut-off should
distinguish a deficit that matters from one that is of no real
significance®. Any borderline point implies mistakes and
involves sensitivity and specificity concepts. Since anthro-
pometric data (weight and height) and its index have an
almost Gaussian distribution, when the threshold chosen
to limit eutrophy from nutritional disorders is closer to the
central point of a normal distribution, sensitivity will be
improved at the cost of specificity. When the opposite
occurs, the threshold is far from the central point, and the
specificity will be higher than the sensitivity**.

Since the increase in prevalence of obesity, especially in
children, is a recent matter, the use of a Z-score of +2SD
may not have any proven association with morbidity and
mortality in childhood, adolescence or adulthood. On the
other hand, the use of a Z-score of —2SD of weight-for-
height index has provided evidence of higher morbidity
and mortality of children having a Z-score below this
value'.

But the use of weight-for-height index to screen for
obesity in children has been used infrequently. The WHO
recommendation of using Must et al.’s’® BMI values as a
cut-off point to screen for overweight and obesity in
adolescents has been extended to children.

Several other BMI curves have been proposed by
different authors”~'® and have been used to screen obesity
in children, which, as stated above, makes comparison of
prevalences more difficult’ and establishing consensual
criteria for the upper limit of normality in children and
adolescents problematic'®,
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Table 5 Sensitivity (%), specificity (%) and agreement of BMI values proposed as limits for
overweight and obesity by Cole et al. (IOTF)'®, compared with weight-for-height index and Z-score

>28D as cut-off point, for pre-school children

Males Females Both
Overweight Obesity Overweight Obesity Overweight Obesity
Sensitivity 97.6 81.7 91.6 74.7 94.4 77.9
Specificity 89.9 99.1 89.9 99.4 89.9 99.2
Agreement* 0.62 0.85 0.61 0.81 0.61 0.83

BMI — body mass index; IOTF — International Obesity Task Force; SD — standard deviation.

*Kappa index.

Cole et al. (IOTF)'® were the first authors to present
BMI cut-off values for children and adolescents, pointing
out the recent tendency for basing BMI cut-off points on
continuity with the definition of obesity in adulthood
(which is based on statistical criteria of morbidity and
mortality) to define obesity in childhood %1117 Theijr
values have some more positive aspects than those of
Must et al.”®: they cover children from 2 to 6 years old;
their values are presented for 6-month age intervals; and
they are based on a bigger sample from six different
countries.

For school-aged children Cole et al’s IOTF)'® values
have a low sensitivity when compared with weight-for-
height, which makes their use to screen obesity in children
less useful since they could not detect more than 80% of
those classified as obese by WHO recommendations
(Table 2). Or, in other words, they have a chance of
misclassifying as normal 20% of children who are obese
according to WHO recommendations. The same statement
is true about Must et al.’s”® values because the sensitivity
of their BMI values is similar.

On the other hand, the values proposed as limits for
obesity by Must et al.”® and Cole et al. IOTF)'® have a
high specificity when compared to the weight-for-height
index. This means that they have a very low chance of
classifying eutrophic children as obese (false positives)
(Table 3).

It should be considered that although WHO rec-
ommends the use of weight-for-height to identify obese
children, this index is just another way of adjusting weight
for height, as BMI does, and has no greater intrinsic
validity than BMI for assessing obesity. In truth, the ideal
gold standard method is a more direct measure of body fat
such as dual-energy X-ray absorptiometry (DEXA), which
is obviously more difficult to obtain. A recent study has
shown that for children aged 2—19 years, compared with
DEXA, the performance of BMI-for-age in predicting
overweight is similar to that of weight-for-height®.

Since there is no agreement as to which anthropometric
index, and cut-off value, should be considered as the gold
standard, the three criteria studied in this paper were
compared by the kappa index to measure the agreement
between BMI values and weight-for-height index in
classifying children as obese. A weak or reasonable
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concordance was found for the proposals of both authors,
for all ages and sex. Specifically, for pre-school children,
the concordance was found to be excellent for both
authors (Table 4). The concordance on nutritional
evaluation of children and adolescents of BMI values
proposed by Cole et al. IOTF)'® and Must et al.”® was also
demonstrated in another study as excellent®.

The sensitivity, specificity and agreement of BMI values
proposed by Cole et al. (IOTP)'® with weight-for-height
index are better for pre-school children than for school-
children. These statistics were not tested, for pre-school
children, with Must et al.’s”® values since these authors
only cover children aged 6 years or older.

If the WHO definition of obesity in childhood continues
to be recommended (gold standard), it is concluded that
the values proposed by Must et al”® and Cole et al.
(IOTF)'® do not have high sensitivity compared to weight-
for-height index and should be used carefully to screen
obesity in childhood. Owing to their high specificity, the
values proposed as limits for obesity by both authors can
be used to ‘diagnose’ overweight children with a very low
chance of giving false-positive results. This is particularly
important in young, rapidly growing children to avoid
incorrect and detrimental food restriction. Although the
performance of Cole et al.’s (IOTF) and Must et al.’s values
was similar, based on kappa results, the use of Cole et al.’s
(IOTF) proposals should be encouraged because they
have some more positive aspects. They cover children
from 2 to 6 years of age; their values are presented for
6-month age intervals; and they are based on a larger
sample from six different countries. The most positive
aspect of using BMI values proposed by Cole et al. JOTF)
is that they are easier to cope with and understand than Z-
score values.

It should be emphasised that ‘the use and interpretation
of growth measurements may differ significantly accord-
ing to whether they concern the individual (for clinical
purposes) or an entire population (for public health
purposes)’!. The difference in obesity prevalence
described with the use of different obesity definitions®**>
is a very serious problem because some individuals will be
misclassified as normal or obese and will not receive
intervention appropriate to their nutritional status. These
differences in individual subject classifications are
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important for future studies that seek to determine
whether certain chosen cut-off limits are linked with
morbidity and mortality endpoints, which relies on values
for individuals, since none of these three methods has
been demonstrated to predict outcome. There is an urgent
necessity to establish consensual criteria for obesity
definition in childhood that would predict morbidity and
mortality in adulthood.
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