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Abstract
This study verified the diagnostic accuracy of the nutritional status classified by the international height and BMI references of the World Health
Organization (WHO) (WHO/2007), International Obesity Task Force (IOTF/2012) and MULT (2023). The data pool was composed by 22 737
subjects aged five to 16 years from the Santos and Porto Alegre surveys. A correlation matrix between the z-scores of the BMI references and the
skinfoldmeasurements was calculated through the Pearson correlation coefficient (r), and the subject’s nutritional statuswas classified according
to the international growth references. The accuracy for diagnosing obesity was performed separately by sex and using the 95th percentile of the
triceps and subscapular skinfold sum, while Lin’s concordance coefficient, Bland–Altman method and the Cohen’s Kappa coefficient (Kappa)
were used to verify the concordance and reliability among the BMI references. The correlation matrix showed a high positive correlation among
the BMI z-scores (r≥ 0·99) and among the skinfold measurements (r≥ 0·86). The prevalence of stunting was higher when applying the MULT
reference (3·4 %) compared with the WHO reference (2·3 %). The Bland–Altman plots showed the lowest critical difference (CD) between the
height references of WHO and MULT (CD= 0·22). Among the BMI references, the WHO obesity percentile presented lower performance than
MULT for boys, presenting a lower þLR value (WHO= 6·99/MULT 18 years= 10·99; 19 years= 8·99; 20 years= 8·09) for the same −LR values
(0·04). Therefore, MULT reference holds promise as a valuable tool for diagnosing childhood obesity, particularly when considering sex
differences. This enhances its suitability for assessing the nutritional status of Brazilian schoolchildren.
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Malnutrition is a global public health issue that encompasses
three broad groups of conditions: (a) undernutrition, which
includes underweight (low weight-for-age), stunting (low
height-for-age) and wasting (low weight-for-height); (b) micro-
nutrient-related malnutrition, which involves deficiencies in
vitamins and minerals and (c) overweight and obesity, which is
an abnormal or excessive body fat accumulation(1,2). Globally,
the burden of malnutrition remains high, affecting people of all
ages, genders and social strata(2). In children, around 20 million
babies are born with low birth weight each year, and among
those under 5 years old, approximately 45 million are under-
nourished, 149·1 million are stunted and 37 million are
overweight or obese(1,2).

In Brazil, from 1974 and 2009, there was an increase in adult
obesity rates, with a higher annual increment rate for men than

women(3). Notably, a substantial decrease in adult under-
nutrition occurred from 1974 to 1989(3). While the prevalence
of overweight in children under 5 years old remained stable,
undernutrition decreased notably from 1996 to 2006–2007(3). In
addition, there was a disparity in prevalence trends of adult
obesity based on household income, with both the poorest and
richest adults showing positive incremental rates in the latest
period(3). Overall, Brazil faces a shift from undernutrition to
excess weight, indicating the success of inclusive social policies
in reducing poverty but also emphasising the emerging
challenges in obesity control and reduction(3).

In comparison with children with normal height, stunted
children are more likely to have learning difficulties in school,
earn less as adults and encounter barriers to participating in their
communities(1,2). Otherwise, children with obesity (excessive
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increase in total body fat) are at risk of the early development of
several diseases such as type 2 diabetes mellitus, hypertension,
strokes, heart diseases, dyslipidaemia and some types of
cancer(4–6). Studies pointed out that excessive weight during
childhood is a risk factor for obesity in adulthood, with high
correlations with BMI over time(7–9).

Height-for-age and BMI-for-age growth charts are the most
used tools to assess the nutritional status of children and
adolescents(10,11). The height-for-age growth chart shows the
linear growth trajectory, which is essential for detecting stunting,
while the BMI-for-age growth chart identifies underweight,
overweight and obesity conditions(10,12). There are international
growth references recommended to be applied worldwide, and
the most recent published was the MULT growth reference
(2023), which was constructed with data from multi-ethnic
children and adolescents from ten countries(13,14). Other growth
references, such as the ones from theWorld Health Organization
(WHO, 2006/2007), the International Task Obesity Force (IOTF/
2012) and the Centers for Disease Control and Prevention (CDC,
2000) have been used internationally over the years(15–19).

The BMI growth charts from these references, although do
not directly measure adiposity, they are considered highly
sensitive to detect overweight and obesity, showing a strong
positive correlation with body fat(11,16,18,20). Moreover, they have
been essential for assessing nutritional status at the population
level, although there is no consensus on which one is the most
appropriate for international use, especially in children over five
years old(10,11). Therefore, this study aimed to compare the
nutritional status classified by the WHO (2007)(16), IOTF
(2012)(18) and MULT (2023)(13,14) height and BMI references
and verify their diagnostic accuracy in detecting obesity based
on body adiposity in Brazilian schoolchildren.

Methods

This study selected data from two Brazilian surveys conducted in
the cities of Santos, located on the coast of São Paulo and Porto
Alegre, which is the capital of Rio Grande do Sul State(6,21).
Santos, like many Brazilian cities, is ethnically diverse(22). The
population includes individuals of European, African and
Indigenous ancestry, among others(22). The city’s historical
connection to trade and immigration has contributed to its
multicultural makeup(22,23). In addition, it is close to the
metropolitan region of the city of São Paulo, composed by
approximately 45 % of its adult residents originating from other
states or countries(22,23). This demographic makeup underscores
the region’s status as a melting pot of cultures and backgrounds,
reflecting a dynamic blend of individuals who have migrated to
the state of São Paulo(23). On the other hand, even though there
are individuals in Porto Alegre with African and Indigenous
heritage, the city, situated in the southern part of Brazil,
predominantly reflects European influences(24). The majority
of the population has roots tracing back to European countries,
notably Portugal, Italy and Germany(24).

The data from the Santos survey were collected between
August andNovember of 2002 in both public and private schools
of the city, through a partnership between the city government,

the Federal University of São Paulo (UNIFESP) and the São
Marco University(21). A total of ninety-nine chools and 10 822
children between the ages of seven and 10 years participated in
the data collection(21). As for Porto Alegre, the study was
conducted by the Federal University of Rio Grande do Sul
(UFRGS), and the data were collected during the years 2011 and
2012 in forty-seven schools of the municipal education system,
and it included 11 952 children and adolescents aged between
five and 16 years(6).

For this study, demographic data such as sex (determined by
the presence or absence of the Y chromosome at birth) and age
(in months) were selected from the data pool(6,21). Additionally,
anthropometric measurements of weight and height were
included(6,21). In both surveys, they were taken by trained
professionals who followed a standardised data collection
protocol to ensure the quality of the measurements(6,21).
Furthermore, the Santos survey provided skinfold thickness
data collected in a subsample of participants, so the triceps
skinfold (TSF), subscapular skinfold (SSF), suprailiac skinfold
and abdominal skinfold (ASF) were selected(21). These skinfold
measurements were selected to perform the accuracy analysis of
the growth references concerning the body composition data
that skinfold thicknesses provide. Skinfold measurements are
used to estimate the overall percentage of body fat because of
their practicality, cost-effectiveness and accessibility(6).

In the selection process of the data pool, participants with
measurement errors (n 4), implausible height-for-age or BMI-
for-age values (n 33) ormissing data, were excluded (n 3530)(25).
For height, values equal to or greater than 250 cm were
considered measurement errors, and implausible values were
those below –6 standard deviations (SD) or above þ6 SD of the
WHO (2007) reference height values(16,25). For BMI, implausible
values were those below –5 SD or above þ5 SD of the WHO
(2007) reference BMI values(16,25).

The correlation analysis between adiposity and BMI was
conducted using a sub-sample of the Santos survey(21). A
correlation matrix was calculated, using the Pearson coefficient
(r), to measure the degree of linear association between the
z-scores of the BMI references and the skinfold measure-
ments(26). The sumof TSF and SSF,which is one of the commonly
used measurements for assessing body adiposity in children and
adolescents, was calculated(27,28). The 95th percentile of this sum
by age (years) was estimated and defined as the cut-off point
to determine high adiposity values. Children were dichoto-
mously classified according to this criterion, indicating whether
they had, or not high adiposity values based on their skinfold
measurements.

The diagnostic accuracy, which includes sensitivity, speci-
ficity, positive likelihood ratio (þLR) and negative likelihood
ratio (−LR) of the BMI references, was performed based on the
classification of high adiposity values obtained from the sum of
skinfold measurements(29). Additionally, since the MULT BMI
reference presented four different cut-off options for obesity, the
analyses were performed for all cut-off options, showing the one
more adequate to be applied to Brazilian children and
adolescents(14).

The prevalence of normal height and stunting was estimated
using the WHO and MULT height references(13,16). Additionally,
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the prevalence of underweight, normal weight, overweight and
obesity was calculated according to the BMI reference values of
the WHO, IOTF and MULT(14,16–18). For the MULT BMI
reference(14), the following cut-off points were applied for both
sexes: (a) underweight for percentile< 3rd; (b) overweight for
percentile≥ 85th and (c) obesity for percentile≥ 98th.

For the comparison analysis among the growth references,
Lin’s concordance correlation coefficient (CCC), Cohen’s Kappa
coefficients (Kappa) and the Bland–Altman methods were
applied(30–33). The CCC and the Bland–Altman methods were
used to assess the agreement between the estimated z-scores of
the BMI references(30,33). The CCC evaluates agreement by
combining measures of precision and accuracy to determine
how much the data deviates from the perfect concordance
line(30). On the other hand, the Bland–Altman method calculates
the mean difference between the two methods and presents the
95 % limits of agreement as the mean difference (2SD)(33).
Cohen’s Kappa coefficient is applied to assess the reliability
between the two methods for categorical outcomes(31,32). In this
study, Cohen’s Kappa was used to verify the reliability of the
height diagnosis (dichotomous), and weighted Cohen’s Kappa
(linear) was used to analyse the reliability of the nutritional status
(ordinal categorical) classified by the BMI references(31,32).

The agreement and reliability analyses using CCC, Bland–
Altman and Kappa were performed separately by sex and in
three age groups(30–33). The first group included the whole
sample of participants aged five to 16 years. The second group
consisted of children aged 6–9 years, which is a period that
precedes puberty(34). The third group included participants aged
10 to 16 years, covering adolescence, a stage characterized by
significant physical changes such as the growth spurt and sexual
maturation(34). All statistical analyses were performed using the R
statistical software version 4.2.3 for Windows(35).

Regarding ethical aspects, both surveys included in the data
pool were conducted according to the ethical principles for
research involving human subjects, laid down in the Declaration
of Helsinki and the Brazilian resolution CNS 196/96(6,21). The
Santos survey was approved by the Research Ethics Committee
of the UNIFESP under number 0074/02, while the Porto Alegre
survey was approved by the Research Ethics Committee of the
Hospital de Clínicas de Porto Alegre under number 11–0149(6,21).
The legal guardians of the children and adolescents were
informed about the research and gave their consent for
participation by signing the Informed Consent Form(6,21). In
addition to that, the participants themselves, if capable of
understanding, also signed an assent form(6,21). The details of
these protocol surveys, as well as their approvals from the ethics
committees, can be found in previous studies(6,21).

Results

The selection process is described in Fig. 1, after excluding
measurement errors and implausible values, 22 737 subjects
(49·4 % males) were included in the BMI reference comparison
analysis. The demographic characteristics of the whole sample
are shown in Table 1.

For the correlation and diagnostic accuracy analysis, 7292
participants (48·3 % males) from the Santos survey were
included. The correlation matrix (Fig. 2) shows a high positive
correlation among the BMI z-scores (r≥ 0·99) and among the
skinfold measurements (r≥ 0·86). The MULT reference pre-
sented higher correlation values than the other references for all
skinfold measurements (TSF r= 0·81; SSF r= 0·79; SIF r= 0·79;
ASF r= 0·81).

Regarding diagnostic accuracy, as shown in Table 2, among
the BMI references, the IOTF and MULT (17 years) obesity
percentiles presented the lowest sensitivity values and the
highest specificity, þLR and −LR. For boys, the WHO obesity
percentile presented the þLR value of 6·99 for the −LR value of
0·04, while the MULT obesity percentile presented the þLR
values of 10·99 (18 years), 8·99 (19 years) and 8·09 (20 years) for
the −LR value of 0·04. For girls, the WHO obesity percentile
showed better results than for boys; however, MULT 18 years
and 19 years still showed higher specificity and þLR values. In
the MULT reference, the 98·3th percentile seemed to be the most
appropriate for establishing the cut-off point for obesity in boys,
while for girls, it was the 98·1th percentile.

The nutritional status of the participants presented in Table 3
showed that the prevalence of stunting was higher applying the
MULT height reference (3·4 %) when compared with the WHO
height reference (2·3 %). The highest prevalence of under-
weight, overweight and obesity was classified using the WHO
BMI reference, while the IOTF reference presented the lowest
prevalence of overweight and obesity, and the MULT reference
showed the lowest prevalence for underweight.

In the BMI reference comparison analysis (Fig. 3), the Bland–
Altman plots showed the lowest critical difference between the
height references ofWHO andMULT (critical difference = 0·22)
and the highest critical difference between the BMI references of
WHO and MULT (critical difference= 0·46). Moreover, the
difference between WHO and MULT height references pre-
sented positive values, while the difference between WHO and
MULT BMI references presented negative values in the
extremities.

The concordance analysis (Table 4) showed a substantial
agreement (CCC> 0·95 and≤ 0·99) for the height references in
all age groups and both sexes. For the BMI references, in boys
there was an almost perfect agreement among the WHO and
IOTF references (CCC> 0·99) at the age group 5–9 years and for
the IOTF andMULT reference (CCC> 0·99) for the entire sample
(5–16 years) for the age group 5–9 years. Among girls, the MULT
reference showed an almost perfect agreement (CCC> 0·99)
with theWHO for the age group 5–9 years and with IOTF for the
age group 10–16 years. Regarding the nutritional status
classification, applying the Kappa coefficient (Table 4), there
was an almost perfect reliability (Kappa≥ 0·81 &≤ 1) between
the MULT and WHO BMI references and the MULT and IOTF
BMI references for all age groups and both sexes. Additionally,
an almost perfect reliability was found between the IOTF and
WHO BMI references for females. For the height references,
there was an almost perfect reliability (Kappa≥ 0·81 and≤ 1)
among boys aged five to 9 years and among girls aged
10–16 years.
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Discussion

This study provided valuable insights into the correlation,
diagnostic accuracy and concordance of different growth
references based on body adiposity indicators. High positive
correlations were identified among BMI z-scores and skinfold
measurements, particularly with the MULT reference(14) display-
ing robust associations. The diagnostic accuracy assessment
revealed nuanced patterns, with the IOTF and MULT (17 years)
obesity percentiles exhibiting trade-offs between sensitivity and
specificity(14,17,18).

Notably, the MULT reference demonstrated its relevance in
establishing obesity cut-offs, with specific percentiles identified
for boys and girls(14). MULT growth reference presented a higher
stunting prevalence and lower prevalences of underweight,

overweight and obesity than the WHO growth reference(13,14,16).
This is because the sample of children included in the MULT
height reference presented higher mean height values than the
sample included in the WHO height reference(13,16). Similar
findings have been found in studies carried out in European
countries and in Australia, which pointed out that children and
adolescents in these regions exhibited greater height than those
referenced in the WHO height reference(16,36–38).

Additionally, a comprehensive investigation encompassing
200 countries and territories, conducted by the NCD Risk Factor
Collaboration (NCD-RisC/2020), indicates that although there
are variations in average height across different nations, a
transformative shift is underway(39). The most substantial
increase in height over the past three decades has been seen
in emerging economies(40). This positive trend in height in

Fig. 1. Flow chart of the subject selection. n, number of participants; measurement errors, height values≥ 250 cm; implausible values, height-for-age z-score < −6 or >
þ6 or BMI-for-age z-score < −5 or > þ5; missing values, skinfold data.

Table 1. Demographic characteristics of the study population by survey, age and sex

Porto Alegre Santos

Male Female Male Female

Age (years) n % n % n % n %

5< 7 513 4·3 462 3·9 0 0 0 0
7 635 5·3 647 5·4 1370 12·7 1534 14·2
8 618 5·2 634 5·3 1347 12·4 1423 13·1
9 685 5·7 659 5·5 1381 12·8 1348 12·5
10 685 5·7 658 5·5 1113 10·3 1306 12·1
11 701 5·9 720 6·0 0 0 0 0
12 662 5·6 676 5·7 0 0 0 0
13 645 5·4 647 5·4 0 0 0 0
14 533 4·5 503 4·2 0 0 0 0
15≤ 16 333 2·8 299 2·5 0 0 0 0
Total = 6010 50·4 5905 49·6 5211 48·2 5611 51·8

Y, years; n, number of children; %, percentage.
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developing nations is attributed to enhancements in healthcare
systems, sanitation and socio-economic conditions, all of which
have contributed to improved growth for children born in the
21st century(15,16,40). This is the reasonwhy height references that
rely on data from children born before the 1990s, such as those
fromWHO (2007), exhibit lower average heights comparedwith
references based on data from children born in more recent
decades(10,16,38). MULT height references have an advantage over
WHO height reference since it was developed using height data
from multi-ethnic children born more recently who likely
overcome the secular trend in height(13).

Regarding the association with adiposity, the BMI references
presented a positive correlation to the adiposity assessed by the
skinfolds, which is also observed in children younger than five
years old(41). A study conducted in Medellín (Colombia) with 232
children aged between 2 and 5 years showed a strong positive
correlation between BMI and the TSF and SSF sum (r= 0·91)(41).
Another study conducted in Yogyakarta (Indonesia) with 2104
children aged seven to 18 years old pointed out a strong positive
correlation betweenBMI and the TSF, SSF and suprailiac skinfold
(r≥ 0·74)(42). However, a study conducted in the states of
Georgia and Alabama (USA) with 33 896 student-athletes aged
from 11 to 19 years old pointed out that applying the BMI
percentile from the CDC (2000) there was an overestimation of

obesity classification(19,43). Other studies also observed this effect
in children from South Africa and Saudi Arabia when applying
the CDC BMI reference(19,44,45).

In this way, even though the international BMI references of
WHO (2007), IOTF (2012) and MULT (2023) presented good
agreement and reliability, the nutritional status classification
differed across them(14,16–18). The WHO BMI reference (2007)
classified more children and adolescents as underweight,
overweight and obese than the IOTF and the MULT BMI
references(14,16,17). These results align with other studies that
pointed out that the prevalence of overweight and obesity tends
to be higher when applying the WHO BMI reference (2006/
2007), which can indicate an overestimation of overweight and
obesity conditions(15,16,46). A study conducted with 1382 school-
children from Lille (France) pointed out an overestimation of
overweight and obesity by WHO BMI references (2006/2007) in
comparison to the IOTF (2012) and the French reference(15–17,46).

These findings are important to understand the premises of
BMI, as it was primarily developed as an indicator of the relation
between weight and height, and even though it does not
measure adiposity directly, some of its cut-offs were found
associated with obesity-related diseases, which made it to be
widely used as a diagnostic tool for obesity screening at a
populational level(5,47). Additionally, there is a concern about the
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Fig. 2. Pearson’s correlation matrix among the BMI z-scores of WHO (2007), IOTF (2012) and MULT (2023) and four skinfolds ZWHO, BMI z-score of WHO (2007)(16);
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Table 2. Sensitivity, specificity, diagnostic accuracy and the positive and negative likelihood of the three BMI references

Male (n 3519) Sensitivity CI95% Specificity CI95% þLR CI95% −LR CI95% Diagnostic Accuracy 95% CI

WHO 0·97 0·93, 0·99 0·86 0·85, 0·87 6·99 6·39, 7·64 0·04 0·02, 0·09 0·87 0·02, 0·09
IOTF 0·94 0·85, 0·94 0·94 0·93, 0·95 14·89 12·92, 17·15 0·10 0·06, 0·16 0·94 0·93, 0·95
MULT 17 years 0·94 0·90, 0·97 0·93 0·92, 0·93 12·61 11·14, 14·29 0·06 0·03, 0·11 0·93 0·92, 0·93
MULT 18 years 0·96 0·92, 0·98 0·91 0·90, 0·92 10·99 9·81, 12·31 0·04 0·02, 0·09 0·92 0·91, 0·92
MULT 19 years 0·96 0·92, 0·98 0·89 0·88, 0·90 8·99 8·12, 9·96 0·04 0·02, 0·08 0·90 0·89, 0·91
MULT 20 years 0·97 0·93, 0·99 0·88 0·87, 0·89 8·09 7·35, 8·91 0·04 0·02, 0·08 0·88 0·87, 0·90

Female (n 3773) Sensitivity CI95% Specificity CI95% þLR CI95% −LR CI95% Diagnostic Accuracy 95% CI

WHO 0·92 0·87, 0·95 0·92 0·91, 0·95 11·17 9·93, 12·56 0·09 0·06, 0·14 0·92 0·91, 0·93
IOTF 0·82 0·76, 0·87 0·95 0·94, 0·95 15·28 13·13, 17·79 0·19 0·14, 0·25 0·94 0·93, 0·95
MULT 17 years 0·81 0·75, 0·86 0·95 0·94, 0·96 16·26 13·87, 19·06 0·20 0·15, 0·27 0·94 0·94, 0·95
MULT 18 years 0·85 0·80, 0·90 0·94 0·93, 0·95 14·04 12·19, 16·17 0·15 0·11, 0·22 0·93 0·93, 0·94
MULT 19 years 0·89 0·84, 0·93 0·93 0·92, 0·93 11·99 10·58, 13·60 0·12 0·08, 0·18 0·92 0·92, 0·93
MULT 20 years 0·92 0·88, 0·96 0·91 0·90, 0·92 10·45 9·33, 11·70 0·09 0·05, 0·14 0·91 0·91, 0·92

IOTF, International Task Obesity Force; n, number of subjects; n, Number of subjects; þLR, positive likelihood ratio; −LR, negative likelihood ratio; WHO, World Health Organization.
Diagnostic accuracy: Correctly classified proportion.
17 years: The obesity cut-off point was calculated using the BMI value of 30 kg/m2 at 17 years old.
18 years: The obesity cut-off point was calculated using the BMI value of 30 kg/m2 at 18 years old.
19 years: The obesity cut-off point was calculated using the BMI value of 30 kg/m2 at 19 years old.
20 years: The obesity cut-off point was calculated using the BMI value of 30 kg/m2 at 20 years old.
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international growth reference to be used worldwide, especially
because the IOTF (2012) BMI reference is just for children from
two to 18 years old, and the WHO (2007) references were
constructed with older data from a unique country (USA), who
probably did not have overcome the secular trend in height that
time(10,16–18). MULT references presented an advantage in
comparison to these international references since it was
constructed with data from multi-ethnic children born more
recently (1990s–2000s) presenting growth charts from birth to 20
years old for height and BMI and great accuracy for diagnosing
obesity, with a higher correlation to adiposity(13,14,48).

The major strengths of this study are being a large sample of
children from two Brazilian cities and the use of anthropometric
data gathered by trained researchers, which is supposed to
reduce the odds of measurement errors and social desirability
bias(6,21,25). Nevertheless, there are certain limitations in our
study, such as the lack of a reference to determine obesity in

children and adolescents according to their body adiposity, and
the absence of skinfold data for children from Porto Alegre,
restricting the diagnostic accuracy analysis only for school-
children(6). In addition, another limitation is the time frame for
data collection, spanning almost a decade across two surveys.
Both data collection points are positioned more than 10 years in
the past, introducing the potential for temporal shifts and
alterations in the prevalence of overweight and obesity(6,21).
Considering the documented rise in obesity over the years, this
temporal gap may affect the study’s ability to accurately capture
and reflect the current landscape of overweight and obesity
prevalences(5). Despite not being derived from a representative
sample of Brazil, the study’s strength lies in its incorporation of
data from two distinct cities with divergent characteristics(22–24).
One city, influenced significantly by European heritage, is
located in the southern region, while the other, in the south-
eastern region, represents the state with the highest influx of

Table 3. The prevalence of stunting, underweight, normal weight, overweight and obesity estimated by three international growth references

Nutritional Status IOTF MULT WHO

Height n % n % n %

Stunting – – 776 3·4% 515 2·3%
Normal height – – 21 961 96·6% 22 222 97·7%

BMI n % n % n %

Underweight 329 1·4% 123 0·5% 414 1·8%
Normal Weight 16 178 71·2% 15 665 68·9% 14 692 64·6%
Overweight 4047 17·8% 4294 18·9% 4409 19·4%
Obesity 2183 9·6% 2655 11·7% 3222 14·2%

IOTF, International Task Obesity Force; n, number of subjects; WHO, World Health Organization.
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Fig. 3. Bland–Altman plot for comparing the three international growth references.
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Table 4. Concordance (CCC) and reliability (Kappa) among WHO, IOTF and MULT growth references, by age group and sex

5 to 16 years (X 9·9 years; SD 2·3 years) 5 to 9 years (X 8·3 years; SD 1·0 years) 10 to 16 years (X 12·1 years; SD 1·7 years)

n CCC CI95% Kappa CI95% n CCC CI95% Kappa CI95% n CCC CI95% Kappa 95% CI

WHO × IOTF (BMI)▪
Male 11 221 0·988 0·987, 0·988 0·780 0·770, 0·789 6549 0·990 0·989, 0·990 0·769 0·757, 0·782 4672 0·985 0·984, 0·985 0·795 0·780, 0·809
Female 11 516 0·993 0·993, 0·993 0·885 0·877, 0·892 6707 0·996 0·996, 0·996 0·888 0·879, 0·897 4809 0·988 0·988, 0·989 0·879 0·867, 0·891

WHO ×MULT (BMI)▪
Male 11 221 0·975 0·974, 0·975 0·886 0·879, 0·893 6549 0·987 0·987, 0·987 0·888 0·879, 0·897 4672 0·956 0·954, 0·957 0·884 0·872, 0·895
Female 11 516 0·987 0·986, 0·987 0·904 0·898, 0·911 6707 0·992 0·992, 0·993 0·902 0·893, 0·911 4809 0·978 0·977, 0·979 0·907 0·897, 0·917

IOTF ×MULT (BMI)▪
Male 11 221 0·992 0·991, 0·992 0·861 0·852, 0·869 6549 0·993 0·993, 0·994 0·858 0·848, 0·869 4672 0·989 0·988, 0·989 0·864 0·851, 0·877
Female 11 516 0·989 0·989, 0·989 0·939 0·933, 0·945 6707 0·988 0·987, 0·988 0·958 0·952, 0·964 4809 0·991 0·991, 0·991 0·911 0·900, 0·922

WHO ×MULT (Height)
Male 11 221 0·968 0·967, 0·969 0·810 0·776, 0·843 6549 0·979 0·978, 0·980 0·970 0·946, 0·994 4672 0·953 0·951, 0·955 0·730 0·683, 0·778
Female 11 516 0·971 0·970, 0·972 0·772 0·736, 0·808 6707 0·965 0·964, 0·966 0·693 0·630, 0·757 4809 0·979 0·978, 0·980 0·827 0·785, 0·868

IOTF, International TaskObesity Force;WHO,World Health Organization;X, average age in years; y, years; n, number of subjects; CCC, Lin’s concordance correlation coefficient; Kappa, Kappa coefficient; ▪, theweighted Kappawas applied.
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immigrants from various parts of the country, resulting in
exceptional ethnic diversity(22–24).

In summary, the rise in obesity rates among children and
adolescents emphasises the need for efficient monitoring of
nutritional status(3,5). Improving the diagnosis of obesity in
children can mitigate the enduring consequences of obesity on
individuals’ overall health and welfare(10). Accordingly, this
research assessed the effectiveness of international BMI
references in identifying obesity, particularly in relation to body
adiposity, and the in light of the extensive analysis conducted in
this study, the MULT reference emerges as a compelling option
for assessing the nutritional status of children and adolescents,
particularly in the context of body adiposity.

The MULT reference exhibited strong positive correlations
between BMI z-scores and skinfold measurements, showcasing
its robust associations in capturing adiposity indicators.
Moreover, the diagnostic accuracy assessment revealed the
relevance of the MULT reference in establishing obesity cut-offs,
with specific percentiles identified for both sexes(14). The unique
strength of the MULT reference lies in its utilisation of data from
multi-ethnic children born more recently, overcoming potential
limitations associated with older references that may not reflect
contemporary growth trends(13,14). Notably, the study highlights
the limitations of other international references, such as over-
estimations of overweight and obesity conditions(10,43,44,46).
While acknowledging study limitations, including temporal gaps
and regional constraints, the MULT reference stands out as a
promising tool for accurately diagnosing obesity in Brazilian
children and adolescents(13,14). This research underscores the
pressing need for efficient nutritional status monitoring and
suggests that further validation studies could position the MULT
reference(14) as a valuable international tool in assessing and
addressing the global rise in childhood obesity. In this way,
MULT growth reference seems to be a good option to assess the
nutritional status of Brazilians, even though there is a need for
further studies to validate it to be used internationally.
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