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Abstract

Waist circumference (WC) has been associated with cardiometabolic diseases. We aim to develop WC references
for age and gender in youngsters in Autonomous Region of Madeira, Portugal (RAM).

A cross-sectional study was developed in two phases. Between May 2004 and May 2005 (in 1st cycle schools)
and between October 2007 and June 2009 (in 2nd and 3rd cycle, and secondary and professional schools). A
representative sample of 6987 individuals was gathered, with 3532 girls and 3455 boys aged from 6 to 18 years
old. WC was measured with a non-elastic tape at the midpoint between the iliac crest and the last rib. To elaborate
smoothed percentiles and z-scores curves for age and gender, values were estimated between 72 and 225 months
(every three months) using the LMS statistical procedure, with the exponent of the Box-Cox (L), the median (M),
and coefficient of variation generalized (S) through LMSChartMaker software, version 2.76.

Mean and standard deviation and charts of smoothed percentiles curves (P3, P5, P10, P25, P50, P75, P85, P90, P95
and P97) and z-scores (-2, -1, 0, 1 and 2) are presented by age and gender.

These references constitute a new tool to assess cardiometabolic risk of RAM's children and adolescents.
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Resumo

O perimetro da cintura (PC) tem sido associado a doengas cardiometabolicas. O objetivo deste estudo foi

desenvolver referéncias antropométricas para o PC, em fun¢do da idade e sexo para uma populagdo jovem da

Regido Autonoma da Madeira, Portugal (RAM).

Este estudo transversal, foi realizado em duas fases - entre Maio de 2004 e Maio de 2005, nas escolas do 1.° ciclo,

e entre Outubro de 2007 e Junho de 2009, nas escolas de 2° ¢ 3° Ciclos, secundarias e profissionais. Esta amostra

representativa de 6987 pessoas, inclui 3532 raparigas e 3455 rapazes dosos 6 a 18 anos. O PC foi avaliado com

uma fita ndo extensivel no ponto médio entre a crista iliaca e a tlltima costela. Para elaborar as curvas de percentis

e z-scores suavizados para idade e sexo, os valores foram estimados entre 72 e 225 meses (a cada trés meses)

utilizando o procedimento estatistico LMS, através do software LMSChartMaker, versao 2.76.

As médias e desvio-padrao, Figurae as curvas de percentis suavizados (P3, P5, P10, P25, P50, P75, P85, P90, P95

e P97) e z-scores (-2, -1, 0, 1 e 2) sdo apresentados por idade e sexo.

gstﬁsgﬁeréncias constituem uma nova ferramenta para avaliar o risco cardiometaboélico de criangas e adolescentes
a .
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Introduction

Anthropometric parameters can be used as adiposity
or body fat markers, and constitute health indicators in
children and adolescents, not only to evaluate growth
and nutritional status, but also to determine the risk of
disease'”.

Waist circumference (WC) is an indicator of central fat
and of cardiovascular risk. It is a specific measure of
body fat and should be used to identify overweight and
obese children who have the risk of developing meta-
bolic complications®, which constitute a cardiometa-
bolic risk indicator®>, Measuring WC is a simple and
non invasive task(®?.

There is a strong correlation between WC and fat dis-
tribution®, both visceral and subcutaneous fat® Fur-
thermore, there is a relationship between WC, obesity
indexes, and metabolic risk factors, based on abdomi-
nal and subcutaneous adipose tissue measured by Axial
TomoFigurey or Magnetic Resonance Imaging. A posi-
tive correlation between intra-abdominal adipose tissue
and insulin resistance in obese adolescents and in pre-
pubertal children with high body fat has been found.
Furthermore, visceral adiposity and insulin resistance
are likely to have their origin in childhood?.

Central body fat is a risk factor for metabolic complica-
tions since large central fat deposition is associated with
less favorable concentrations of plasma lipoprotein and
high blood pressure in children and adolescents'". Ab-
dominal obesity, with visceral fat deposition, is associ-
ated with an increased risk of metabolic complications
such as hyperlipidemia and diabetes!'>!%,

It is recognized that visceral adipose tissue correlates
positively with LDL-cholesterol, triglycerides, and in-
sulin, but negatively with HDL-cholesterol (14,15).
Freedman et al., found anomalies in lipid and insulin
concentrations to be correlated with WC in young peo-
ple®.

Due to the importance of WC®? in the determination
of cardiometabolic risk, it is important to develop an-
thropometric references that reflect the characteristics
of the population to which the individual(s) to be evalu-
ated belong!'”. Since there are only references for the
population of mainland Portugal and the Autonomous
Region of Azores, the purpose of this research is to de-
velop anthropometric WC references for children and
young people of the Autonomous Region of Madeira.
Therefore, the main objective of this study was to de-
velop anthropometric references for the WC by sex and
age, based on representative data of the population with
ages between 6 and 18 years of the Autonomous Region
of Madeira. We also intended to compare these refer-
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Introducao

Os parametros antropométricos podem ser usados
como marcadores de adiposidade ou de distribuigdo da
gordura corporal, e constituem indicadores de saude,
nomeadamente nas criangas ¢ adolescentes, ndo s6 para
avaliar o crescimento ¢ o estado nutricional, mas tam-
bém para determinar o risco de doenga®.

O perimetro da cintura (PC) ¢ um indicador da gordura
central e fator de risco cardiovascular. Trata-se de uma
medida especifica da gordura corporal e deve ser uti-
lizada para identificar criangas com excesso de peso e
obesidade, com risco de desenvolver complicagdes me-
tabolicas®, constituindo assim um indicador do risco
cardiometabolico®®. A medigdo do PC ¢é simples e nao
invasiva®?,

Existe uma forte correlagdo entre o PC e a distribuigao
de gordura®, tanto na gordura visceral como na sub-
cutdnea®. Além disso, ha uma relagido entre o PC € os
indices de obesidade e fatores de risco metabolicos, ba-
seados em medigdes diretas dos tecidos adiposos intra e
subcutaneo abdominais por Tomografia Axial Compu-
torizada ou Ressondncia Magnética. Encontra-se tam-
bém documentada uma correlagdo positiva entre o te-
cido adiposo intra-abdominal e insulinoresisténcia em
adolescentes obesos e em criangas na pré-puberdade
com gordura corporal elevada. E referido ainda que a
adiposidade visceral e a insulinoresisténcia tém prova-
velmente a sua origem na infancia'?,

A gordura corporal central é assim um fator de risco
para complicagdes metabolicas, estando a grande de-
posicdo de gordura a nivel central associada a padroes
menos favoraveis de concentra¢des plasmaticas de li-
poproteinas € com a pressdo sanguinea elevada em
criangas e adolescentes?,

A obesidade abdominal, com deposic¢do de gordura vis-
ceral, esta associada a um risco aumentado de compli-
cacdes metabdlicas como a hiperlipidemia ¢ a diabe-
tes(12’13).

E reconhecido que o tecido adiposo visceral se corre-
laciona positivamente com colesterol-LDL, trigliceri-
deos ¢ insulina, porém negativamente com colesterol-
_HDL(14,15)_

Freedman et al, afirmam mesmo que as anomalias nas
concentracdes lipidicas e de insulina estdo correlacio-
nadas com o PC nos jovens!®.

Face a importancia do PC®” na determinagao de risco
cardiometabodlico, assume relevancia desenvolver refe-
réncias antropométricas que reflitam as caracteristicas
da populacdo em que se insere o(s) individuo (s) que se
pretende(m) avaliar’”. Como em Portugal s6 existem
referéncias para a populagao de Portugal Continental e



ences with those currently in use in RAM: the British®?
and mainland Portugal®.

Material and methods

The study population consists of people aged from 6 to
18 years living in RAM. The sample is representative
of the school population of the 1%, 2" and 3™ cycles of
basic education, secondary and professional education
in this region (public and private). The population was
obtained through a random selection of 1% cycle classes
of the 2003/2004 and 2004/2005 school years and of
the remaining levels of education (2™ and 3™ cycles of
primary, secondary and professional schools) related to
the 2007/2008 and 2008/2009 school years. From 50 1%
cycle schools, 128 classes were selected, along with
269 classes from 35 schools of the remaining levels of
education, in a total of 8014 people. Permission to par-
ticipate was granted from parents and/or guardians of
7249 young people (90.5%).

Considering the exclusion criteria (acute illness at the
time of evaluation; non-pathological situations that af-
fect anthropometric parameters, such as pregnancy;
conditions that affect growth), some children/adoles-
cents (n=262) were not included in this study. Specifi-
cally, 202 children/adolescents with acute disease at the
time of the evaluation, those who were pregnant (n=2),
and those with clinical conditions that affected growth
(n=58) were excluded from this study. To summarize,
our sample was made of a total of 6987 children/ado-
lescents: 3532 girls and 3455 boys. This is a cross-sec-
tional study, approved by the Regional Education Di-
rection, and developed in two phases: the first between
May 2004 and May 2005 (in elementary schools) and
the second between October 2007 and June 2009 (in
primary and secondary schools and in the 2" and 3™
cycles of basic education schools). Informed consents
were also obtained from the parents or guardians of the
children and adolescents, and the anonymity and con-
fidentiality of the data was ensured. After this authori-
zation, parents or guardians were asked to complete a
questionnaire about the child/adolescent.

The participants’ consent was obtained and collection
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da Regido Auténoma dos Agores, que o proposito desta
investigacao ¢ desenvolver referéncias antropométricas
para o PC para as criangas e desta faixa etaria da Regido
Auténoma da Madeira. Constituiu portanto objetivo
central deste estudo, desenvolver referéncias antropo-
métricas para o PC por sexo e idade, baseadas em dados
representativos da populacdo com idades entre os 6 € 0s
18 anos da Regido Auténoma da Madeira. Pretendemos
também verificar a concordancia com as referéncias
atualmente em uso na RAM: as Britanicas®® e as de
Portugal Continental®®.

Material e métodos

A populacao estudada ¢ constituida por jovens dos 6
aos 18 anos de idade, residentes na RAM.

A amostra € representativa da populagdo escolar dos 1°,
2° e 3°ciclos do ensino basico, secundario e profissional
desta regido (publico e privado). Foi obtida através de
uma selecao aleatéria das turmas de 1°ciclo relativa aos
anos letivos 2003/2004 ¢ 2004/2005, e das turmas dos
restantes niveis de ensino (2° e 3°ciclos do ensino ba-
sico, secundario e profissional) relativas aos anos leti-
vos 2007/2008 e 2008/2009. Foram assim selecionadas
128 turmas de 50 escolas do 1°ciclo e 269 turmas, de
35 escolas dos restantes niveis de ensino, num total de
8014 jovens. A autorizagdo para participar foi conce-
dida pelos responsaveis/encarregados de educagdo de
7249 jovens (90,5%).

Tendo em consideracao os critérios de exclusao (doen-
¢a aguda no momento da avaliagdo; situacdes ndo pa-
tologicas que afetem os parametros antropométricos,
como por exemplo gravidez; condi¢des especificas de
saude que afetem o crescimento), algumas criangas/
jovens (n=262) ndo foram incluidos neste trabalho. As-
sim, foram excluidos 202 criangas/jovens com doenga
aguda no momento da avaliagdo, as que se encontravam
gravidas (n=2), ¢ 0s que apresentavam situagdes clini-
cas que afetavam o crescimento (n=58).

A nossa amostra ¢ assim constituida por um total de
6987 criangas/jovens, sendo 3532 raparigas ¢ 3455 ra-
pazes.

Trata-se de um estudo transversal, desenvolvido em
duas fases. A primeira entre maio de 2004 ¢ maio de
2005 (nas escolas de 1°ciclo) e a segunda entre outubro
de 2007 e junho de 2009 (nas escolas de 2° e 3°ciclos
do ensino bésico e nas escolas do ensino secunddrio e
profissional), tendo sido aprovado pela Dire¢ao Regio-
nal de Educac¢do. Foi também obtido o consentimento
informado dos pais ou encarregados de educacao das
criangas e jovens, tendo sido assegurado o anonimato e
a confidencialidade dos dados.
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of anthropometric data was performed in schools, al-
ways by the same researcher, trained for this purpose,
using the standardized procedures to evaluate this pa-
rameter. The child/adolescent was standing comfort-
ably, with his weight evenly distributed by both feet,
separated 25 to 30 cm from each other. The measure-
ment was performed with a non-extendable tape at the
midpoint between the last rib and the iliac crest, in an
horizontal plan, at the end of a normal exhalation and
recorded up to 0.1 cm&19),

The sample was divided into intervals of 6 months in
the age groups of 6-6.5; 6.5-7;.....18.5-19 years old as
well as by gender. In order to elaborate the percentiles
and z-scores curves smoothed for age and gender, the
values were estimated between 72 and 225 months (at 3
months intervals) using the procedure with the exponent
of the Box-Cox transformation (L), the median (M) and
the coefficient of generalized variation (S), through the
program LMSChartMaker Light, version 2.76?%.

The data is presented in absolute and relative frequen-
cies, in the case of categorical variables, as well as, in
the case of continuous variables, in mean and SD, per-
centiles 3, 5, 10, 25, 50, 75, 85, 90, 95, 97 and z-scores
-2,-1,0, 1 and 2.

The data was processed and analyzed with IBM SPSS
(Statistical Package for Social Sciences, version 22)
and Microsoft Excel 2011 for Windows.

Results

Sample characterization

Of the 6987 subjects included in this study, 480 were
6 years old, 537 were 7 years, 584 were 8 years, 543
were 9 years, 598 were 10 years, 490 were 11 years,
530 were 12 years, 590 were 13 years, 651 were 14
years, 613 were 15 years, 549 were 16 years, 534 were
17 years and the remaining 289 were included in the
group of 18 years (Table 1).

Most of these young people, 89.3% (n=6240) were
born in RAM, 2.0% (n=143) from another national
place (mainland Portugal or Autonomous Region of the
Azores) and 8.6% (n=604) from other countries, espe-
cially where there are strong Madeiran communities. Of
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Ap0s esta autorizagdo, foi solicitado aos pais ou encar-
regados de educacgdo o preenchimento de um questio-
nario relativo a algumas informagdes sobre a crianga/
jovem e seus pais.

Foi obtido dos participantes o consentimento, € a re-
colha dos dados antropométricos realizada nas esco-
las, sempre pelo mesmo investigador, treinado para o
efeito, utilizando os procedimentos padronizados para
avaliar este parametro. A crianga ou adolescente estava
confortavel, com o seu peso uniformemente distribui-
do por ambos os pés separados 25 a 30 cm entre si. A
medicdo foi realizada com uma fita ndo extensivel ao
nivel do ponto médio entre a ultima costela e a crista
iliaca, num plano horizontal e no final de uma normal
expiragdo e registada até 0,1cm!®!?

A amostra foi dividida em intervalos de amplitude de 6
meses nos grupos etarios de [6 ; 6,5[ a [18,5; 19] anos,
assim como por sexo.

Para elaborar as curvas de percentis e z-scores suavi-
zadas para idade e sexo, os valores foram estimados
entre os 72 e os 225 meses (em intervalos de 3 meses)
utilizando o procedimento estatistico LMS, com o ex-
poente da transformagdo Box-Cox (L), a mediana (M)
e o coeficiente de variacao generalizado (S), através do
programa LMSChartMaker Light, versao 2.76“%.

Os dados sao apresentados em frequéncias absolutas e
relativas, no caso das variaveis categoricas, bem como,
no caso das variaveis continuas, em média e DP, per-
centis 3, 5, 10, 25, 50, 75, 85, 90, 95, 97 e z-scores -2,
-1,0,1¢e2.

Os dados foram processados e analisados em computa-
dor, utilizando os programas IBM SPSS (Statistical Pa-
ckage for Social Sciences, versdo 22) e Microsoft Excel
2011 para Windows.

Resultados

Caracterizacdo da amostra

Dos 6987 individuos incluidos neste estudo, 480 ti-
nham 6 anos de idade, 537 incluiam-se no grupo 7 anos,
584 nos 8 anos, 543 nos 9 anos, 598 nos 10 anos, 490
nos 11 anos, 530 nos 12 anos, 590 nos 13 anos, 651 nos
14 anos, 613 nos 15 anos, 549 nos 16 anos, 534 nos 17
anos e os restantes 289 incluiam-se no grupo dos 18
anos (Tabela 1).

A grande maioria destes jovens, 89,3% (n=6240) sdo
naturais da RAM, 2,0% (n=143) de outro local nacional
(Portugal Continental ou Regido Autdnoma dos Agores)
e 8,6% (n=604) de outros paises, principalmente onde
existe uma assinalada comunidade madeirense. Destes,
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Table 1/ Tabela 1 - Distribution by age group and gender/ Distribui¢ao
por grupo etario e sexo

Age Gender/ Género Total
group
(years)/
Grupo etario Girls/ Boys/
(anos) raparigas rapazes
6-7[ 252 228 480
7-8 257 280 537
8-9 269 315 584
9-10 236 307 543
10-11 291 307 598
11-12 238 252 490
12-13 273 256 529
13-14 314 276 590
14-15 329 322 651
15-16 320 293 613
16-17 295 254 549
17-18 289 245 534
18-19 169 120 289
Total 3532 3455 6987

these, 224 were from Venezuela, 149 from England, 95
from South Africa, 37 from Brazil and 31 from France.
The majority of the them lived in Funchal (37.8%),
followed by Camara de Lobos (17.3%), Santa Cruz
(13.1%), Machico (9.6%) and Ribeira Brava (6.5%).
All other counties are represented in the sample, but
with a lower percentage, because they also have a low-
er population size. In this study, all 54 parishes of the
Autonomous Region of Madeira were represented,
with Sdo Martinho (9.5%), Santo Anténio (9.2%) and
Canigo (7.1%) having a higher number of children and
young people.

Anthropometric references

Considering the objectives of the present study, the ref-
erences for WC for age and gender, of children/adoles-
cents from 6 to 18 years of RAM were determined by
percentiles and z-scores (Tables 2 to 9 and Figures 1 to
4).

Table 10 shows the values (non smoothed) of WC by
age and gender, before the application of the LMS
method.

The values of the references for boys are consistently
higher than for girls from 9 years old onwards, although
prior to this age reference values are slightly higher in
girls (Figures 5 and 6).

These results show that it is from the age of 9 that a
higher WC characteristic in males is found.

224 sdo naturais da Venezuela, 149 de Inglaterra, 95 da
Africa do Sul, 37 do Brasil e 31 da Franca.

A maior parte residia no Concelho do Funchal (37,8%),
sendo seguido por Camara de Lobos (17,3%), San-
ta Cruz (13,1%), Machico (9,6%) e Ribeira Brava
(6,5%). Todos os outros concelhos estdo representados
na amostra, contudo com uma menor percentagem, por
também terem um menor efetivo populacional. Neste
estudo estdo representadas todas as 54 Freguesias da
RAM, sendo as de Sao Martinho (9,5%), Santo Anténio
(9,2%) e Canico (7,1%) as que apresentam um maior
numero de criangas e jovens.

Referéncias antropométricas

Considerando os objetivos do presente estudo, foram
determinadas as referéncias para o PC e para ambos os
sexos, de criancas/jovens dos 6 aos 18 anos de idade
da RAM, por percentis e por z-scores (Tabelas 2 a 9 e
Figuras 1 a 4).

Na Tabela 10 encontram-se os valores (ndo suavizados) do
PC por idade e sexo, antes da aplicacdo do método LMS.
Os valores das referéncias para os rapazes sdo sempre
superiores aos das raparigas, a partir dos 9 anos, o que
até esta idade ndo se verifica, sendo mesmo ligeiramen-
te superiores nas raparigas (Figuras 5 e 6).

Estes resultados demonstram que ¢ a partir dos 9 anos
de idade que se comega a evidenciar o maior PC carac-
teristico dos individuos do sexo masculino.
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Table 2/ Tabela 2 - L, M, and S parameters and WC (cm) smoothed percentiles by
age for boys (6 — 12.5 years)/ Parametros L, M e S e percentis suavizados para o PC
(cm) por idade de rapazes (6 — 12.5 anos)

Age (years)/

Idade (anos) L M S P3 P5 P10 P25 P50 P75 P85 P90 P95 P97
6.0 309 573 0.09 50.3 51.0 521 54.3 57.3 61.0 635 655 68.9 715
6.5 309 584 0.09 51.6 523 53.6 56.1 59.5 63.9 66.9 69.4 737 77.3
7.0 309 595 0.10 52.8 537 55.1 57.8 61.6 66.7 70.3 733 78.8 835
7.5 309 606 0.10 54.1 55.0 56.5 59.4 63.6 69.3 735 77.0 837 89.6
8.0 309 616 0.10 55.2 56.2 57.8 60.9 65.4 71.6 76.1 80.0 87.6 947
8.5 309 626 0.1 56.4 57.4 59.0 622 66.9 733 781 822 90.3 97.9
9.0 309 636 0.11 57.7 58.7 60.4 63.6 68.3 74.8 79.6 83.6 916 99.0
9.5 309 645 0.12 50.3 51.0 52.1 54.3 57.3 61.0 635 655 68.9 715
10.0 309 654 0.12 51.6 523 53.6 56.1 59.5 63.9 66.9 69.4 737 773
10.5 309 661 0.12 528 53.7 55.1 57.8 616 66.7 703 733 78.8 835
11.0 309 669 0.12 54.1 55.0 56.5 59.4 63.6 69.3 735 77.0 837 89.6
1.5 309 676 0.12 55.2 56.2 57.8 60.9 65.4 716 76.1 80.0 87.6 94.7
12.0 309 683 0.12 56.4 57.4 59.0 622 66.9 73.3 781 822 90.3 97.9
125 309 69.0 0.12 57.7 58.7 60.4 63.6 68.3 74.8 79.6 83.6 916 99.0

Table 3/ Tabela 3 - L, M, and S parameters and WC (cm) smoothed percentiles by age
for boys (13 — 18.5 years)/ Parametros L, M e S e percentis suavizados para o PC (cm)
por idade de rapazes (13 — 18.5 anos)

Age (years)/

Idade (anos) L M s P3 P5 P10 P25 P50 P75 P85 P90 P95 P97
13.0 -3.09 69.7 0.11 59.2 60.2 61.9 65.1 69.7 76.0 80.6 84.4 91.8 98.4
13.5 3.09 704 0.11 60.9 61.9 63.5 66.7 71.1 77.1 81.4 84.9 91.4 97.0
14.0 -3.09 711 0.11 62.5 63.5 65.1 68.2 72.5 78.1 82.0 85.2 91.0 95.8
14.5 309 718 0.10 64.1 65.0 66.6 69.6 73.7 79.1 82.7 85.6 90.9 95.0
15.0 -3.09 72.5 0.10 65.5 66.4 67.9 70.9 74.9 80.1 83.5 86.2 91.0 94.8
15.5 3.09 731 0.10 66.7 67.6 69.1 72.1 76.0 81.0 84.4 87.0 915 95.1
16.0 -3.09 73.7 0.09 59.2 60.2 61.9 65.1 69.7 76.0 80.6 84.4 91.8 98.4
16.5 3.09 743 0.09 60.9 61.9 63.5 66.7 71.1 77.1 81.4 84.9 91.4 97.0
17.0 -3.09 74.9 0.09 62.5 63.5 65.1 68.2 72.5 78.1 82.0 85.2 91.0 95.8
17.5 309 755 0.09 64.1 65.0 66.6 69.6 73.7 79.1 82.7 85.6 90.9 95.0
18.0 309 76.0 0.09 655 66.4 67.9 70.9 74.9 80.1 83.5 86.2 91.0 94.8
18.5 3.09 765 0.08 66.7 67.6 69.1 72.1 76.0 81.0 84.4 87.0 915 95.1

Table 4/ Tabela 4 - L, M, and S parameters and WC (cm) smoothed percentiles by age
for girls (6 — 12.5 years)/ Parametros L, M e S e percentis suavizados para o PC (cm)
por idade de raparigas (6 — 12.5 anos)

Age (years)/

Idade (anos) L M s P3 P5 P10 P25 P50 P75 P85 P90 P95 P97
6.0 -2.51 58.1 0.11 495 50.3 51.8 545 58.1 62.9 66.1 68.6 73.0 76,5
6.5 -2.51 59.1 0.11 50.9 51.8 53.3 56.1 60.0 65.1 68.6 71.3 76.2 80,1
7.0 -2.51 60.0 0.11 527 53.6 55.2 58.2 623 67.8 715 745 79.8 84,1
7.5 -2.51 61.1 0.11 54.2 55.2 56.8 60.0 64.3 70.0 739 77.0 827 87,2
8.0 -2.51 62.3 0.11 54.9 55.9 57.5 60.7 65.1 70.9 74.8 78.0 83.7 88,4
8.5 2,51 63.5 0.11 55.1 56.1 57.8 60.9 65.3 71.0 75.0 78.1 83.7 88,3
9.0 -2.51 64.3 0.11 55.9 56.9 58.5 61.7 66.1 71.8 75.6 78.7 84.2 88,6
9.5 -2.51 64.8 0.11 495 50.3 51.8 54.5 58.1 62.9 66.1 68.6 73.0 76,5
10.0 2,51 65.1 0.11 50.9 51.8 53.3 56.1 60.0 65.1 68.6 71.3 76.2 80,1
10.5 -2.51 65.2 0.11 527 53.6 55.2 58.2 62.3 67.8 715 745 79.8 84,1
11.0 -2.51 65.3 0.11 54.2 55.2 56.8 60.0 64.3 70.0 739 77.0 827 87,2
1.5 -2.51 65.6 0.11 54.9 55.9 57.5 60.7 65.1 70.9 74.8 78.0 83.7 88,4
12.0 -2.51 66.1 0.11 55.1 56.1 57.8 60.9 65.3 71.0 75.0 78.1 83.7 88,3
12,5 -2.51 66.7 0.11 55.9 56.9 58.5 61.7 66.1 71.8 75.6 78.7 84.2 88,6
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Table 5/ Tabela 5 - L, M, and S parameters and WC (cm) smoothed percentiles by age for girls
(13 — 18.5 years)/ Parametros L, M e S e percentis suavizados para o PC (cm) por idade de ra-
parigas (13 — 18.5 anos)

Age (years)/

Idade (anos) L M S P3 P5 P10 P25 P50 P75 P85 P90 P95 P97
13.0 -2.51 67.4 0.11 57.2 58.2 59.9 63.0 67.4 731 76.9 79.9 85.3 89.5
13.5 -2.51 68.1 0.11 58.5 59.5 61.2 64.3 68.7 74.3 78.0 81.0 86.2 90.3
14.0 -2.51 68.7 0.11 59.6 60.6 62.2 65.4 69.7 75.2 78.8 81.7 86.7 90.6
14.5 -2.51 69.2 0.10 60.4 61.4 63.0 66.1 70.4 75.7 79.3 82.1 86.9 90.6
15.0 -2.51 69.7 0.10 60.8 61.8 63.5 66.5 70.7 75.9 79.4 82.1 86.7 90.2
15.5 -2.51 70.1 0.10 61.1 62.1 63.7 66.8 70.8 75.9 79.3 81.9 86.3 89.7
16.0 -2.51 70.4 0.10 57.2 58.2 59.9 63.0 67.4 731 76.9 79.9 85.3 89.5
16.5 -2.51 70.6 0.10 58.5 59.5 61.2 64.3 68.7 74.3 78.0 81.0 86.2 90.3
17.0 -2.51 70.7 0.10 59.6 60.6 62.2 65.4 69.7 75.2 78.8 81.7 86.7 90.6
17.5 -2.51 70.8 0.10 60.4 61.4 63.0 66.1 70.4 75.7 79.3 82.1 86.9 90.6
18.0 -2.51 70.8 0.09 60.8 61.8 63.5 66.5 70.7 75.9 79.4 82.1 86.7 90.2
18.5 -2.51 70.9 0.09 61.1 62.1 63.7 66.8 70.8 75.9 79.3 81.9 86.3 89.7

Table 6/ Tabela 6 - Parameters L, M, and S and WC (cm) smoothed z-scores by age
for boys (6 — 12.5 years)/ Parametros L., M e S e z-scores suavizados para o PC (cm)
por idade de rapazes (6 — 12.5 anos)

Age (years)/

Idade (anos) L M S z=-2 z=-1 z=0 z=1 z=2
6.0 -3.09 57.3 0.09 50.0 53.1 57.3 63.3 73.0
6.5 -3.09 58.4 0.09 51.2 54.7 59.5 66.6 79.4
7.0 -3.09 59.5 0.10 52.4 56.3 61.6 69.9 86.3
7.5 -3.09 60.6 0.10 53.6 57.8 63.6 73.0 93.4
8.0 -3.09 61.6 0.10 54.8 59.1 65.4 75.6 99.2
8.5 -3.09 62.6 0.11 56.0 60.4 66.9 77.6 102.9
9.0 -3.09 63.6 0.11 57.3 61.8 68.3 79.0 103.8
9.5 -3.09 64.5 0.12 50.0 53.1 573 63.3 73.0
10.0 -3.09 65.4 0.12 51.2 54.7 59.5 66.6 79.4
10.5 -3.09 66.1 0.12 52.4 56.3 61.6 69.9 86.3
11.0 -3.09 66.9 0.12 53.6 57.8 63.6 73.0 93.4
11.5 -3.09 67.6 0.12 54.8 59.1 65.4 75.6 99.2
12.0 -3.09 68.3 0.12 56.0 60.4 66.9 77.6 102.9
12.5 -3.09 69.0 0.12 57.3 61.8 68.3 79.0 103.8

Table 7/ Tabela 7 - Parameters L, M, and S and WC (¢cm) smoothed z-scores by age
for boys (13 - 18.5 years)/ Parametros L, M e S e z-scores suavizados para o PC
(cm) por idade de rapazes (13 — 18.5 anos)

Age (years)/ _ _ _ _ _

Idade (anos) L M S =-2 =-1 z=0 z=1 z=2
13.0 -3.09 69.7 0.11 58.8 63.3 69.7 80.1 102.5
13.5 -3.09 704 0.11 60.4 64.9 711 80.9 100.5
14.0 -3.09 711 0.11 62.1 66.5 72.5 81.6 98.7
14.5 -3.09 71.8 0.10 63.6 67.9 73.7 82.3 97.5
15.0 -3.09 72.5 0.10 65.0 69.3 74.9 83.1 97.0
15.5 -3.09 73.1 0.10 66.2 70.4 76.0 84.0 971
16.0 -3.09 73.7 0.09 58.8 63.3 69.7 80.1 102.5
16.5 -3.09 74.3 0.09 60.4 64.9 71.1 80.9 100.5
17.0 -3.09 74.9 0.09 62.1 66.5 72.5 81.6 98.7
17.5 -3.09 75.5 0.09 63.6 67.9 73.7 82.3 97.5
18.0 -3.09 76.0 0.09 65.0 69.3 74.9 83.1 97.0
18.5 -3.09 76.5 0.08 66.2 70.4 76.0 84.0 97 .1
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Table 8/ Tabela 8 - Parameters L, M, and S and WC (cm) smoothed z-scores by age for
girls (6 — 12.5 years)/ Parametros L, M e S e z-scores suavizados para o PC (cm) por
idade de raparigas (6 — 12.5 anos)

Age (years)/

L M S z=-2 z=-1 z=0 z=1 z=2
Idade (anos)

6.0 -2.51 58.1 0.11 49.1 53.0 58.1 65.7 78.5
6.5 -2.51 59.1 0.11 50.5 54.5 60.0 68.2 824
7.0 -2.51 60.0 0.11 52.2 56.5 62.3 711 86.6
7.5 -2.51 61.1 0.11 53.8 58.2 64.3 73.5 89.9
8.0 -2.51 62.3 0.11 54 .4 58.9 65.1 74.4 91.1
8.5 -2.51 63.5 0.11 54.6 59.2 65.3 74.5 91.0
9.0 -2.51 64.3 0.11 55.4 59.9 66.1 75.2 91.2
9.5 -2.51 64.8 0.11 49.1 53.0 58.1 65.7 78.5
10.0 -2.51 65.1 0.11 50.5 54.5 60.0 68.2 824
10.5 -2.51 65.2 0.11 52.2 56.5 62.3 711 86.6
11.0 -2.51 65.3 0.11 53.8 58.2 64.3 73.5 89.9
11.5 -2.51 65.6 0.11 54 .4 58.9 65.1 74.4 91.1
12.0 -2.51 66.1 0.11 54.6 59.2 65.3 74.5 91.0
12.5 -2.51 66.7 0.11 55.4 59.9 66.1 75.2 91.2

Table 9/ Tabela 9 - Parameters L, M, and S and WC (cm) smoothed z-scores by age for
girls (13 — 18.5 years)/ Parametros L, M e S e z-scores suavizados para o PC (cm) por
idade de raparigas (13 — 18.5 anos)

Age (years)/

L M S z=-2 z=-1 z=0 z=1 z=2
Idade (anos)

13.0 -2.51 67.4 0.11 56.7 61.3 67.4 76.5 92.0
13.5 -2.51 68.1 0.11 58.0 62.6 68.7 77.6 92.6
14.0 -2.51 68.7 0.11 59.1 63.6 69.7 78.4 92.8
14.5 -2.51 69.2 0.10 59.9 64.4 704 78.9 92.7
15.0 -2.51 69.7 0.10 60.4 64.8 70.7 79.0 92.3
15.5 -2.51 70.1 0.10 60.7 65.1 70.8 78.9 91.6
16.0 -2.51 70.4 0.10 56.7 61.3 67.4 76.5 92.0
16.5 -2.51 70.6 0.10 58.0 62.6 68.7 77.6 92.6
17.0 -2.51 70.7 0.10 59.1 63.6 69.7 78.4 92.8
17.5 -2.51 70.8 0.10 59.9 64.4 704 78.9 92.7
18.0 -2.51 70.8 0.09 60.4 64.8 70.7 79.0 92.3
18.5 -2.51 70.9 0.09 60.7 65.1 70.8 78.9 91.6
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Figure 1/ Figura 1 — WC smoothed percentile curves (p3, p5, pl0, p25, p50, p75,

p83, p90, p95 and p97) for boys of RAM from age 6 to 18 years/ Curvas de percentis

suavizadas (p3, pS, p10, p25, p50, p75, p8S, p90, p95 e p97) do PC para a idade de
rapazes dos 6 aos 18 anos da RAM
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Figure 2/ Figura 2 — WC smoothed percentile curves (p3, pS, pl0, p25, p50, p75,
P85, p90, p95 and p97) for girls of RAM from age 6 to 18 years/ Curvas de percentis

suavizadas (p3, pS, p10, p25, p50, p75, p8S, p90, p95 e p97) do PC para a idade de
raparigas dos 6 aos 18 anos da RAM
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Figure 3/ Figura 3 — WC smoothed z-scores curves (-2, -1, 0, 1 and 2)

for boys of RAM from age 6 to 18 years/ Curvas de z-scores suavizadas (-2, -1, 0, 1 e 2) do PC
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Figure 4/ Figura 4 — WC smoothed z-scores curves (-2, -1, 0, 1 and 2)

for girls of RAM from age 6 to 18 years/ Curvas de z-scores suavizadas (-2, -1, 0, 1 e 2) do PC
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Table 10/ Tabela 10 — WC Mean and SD (crude) by age and gender/ Média
e DP de PC (em bruto) por idade e sexo

Age WC (cm)
(years)/
Idade Boys/ Girls/
(anos) rapazes raparigas
58.99 58.99
6-6.5 (6.87) (6.87)
59.74 59.74
6.5-7 (5.69) (5.69)
61.26 61.26
7-75 (8.01) (8.01)
62.24 62.24
75-8 (8.72) (8.72)
64.19 64.19
8-8.5 (8.99) (8.99)
64.51 64.51
85-9 (9.12) (9.12)
68.61 68.61
9-9.5 (10.47) (10.47)
69.30 69.30
9.5-10 (10.64) (10.64)
68.46 68.46
10-10.5 (10.96) (10.96)
68.35 68.35
10.5-11 (10.15) (10.15)
68.52 68.52
11-11.5 (8.65) (8.65)
72.27 72.27
11.5-12] (10.84) (10.84)
70.43 70.43
12-125 (11.35) (11.35)
71.70 71.70
12.5-13 (9.85) (9.85)
70.70 70.70
13-13.5 (8.56) (8.56)
73.17 73.17
13.5-14 (10.57) (10.57)
74.18 74.18
14 —14.5 (9.97) (9.97)
73.71 73.71
14.5-15 (9.04) (9.04)
74.86 74.86
15-15.5 (8.41) (8.41)
74.89 74.89
15.5-16 (7.80) (7.80)
75.09 75.09
16 — 16.5 (8.12) (8.12)
75.98 75.98
16.5-17 (9.49) (9.49)
77.55 77.55
17-17.5 (8.03) (8.03)
76.84 76.84
17.5-18 (7.42) (7.42)
77.07 77.07
18 -18.5 (7.84) (7.84)
78.22 78.22
18.5-19 (9.65) (9.65)
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Figure 5/ Figura 5 — WC smoothed percentile curves (p3, p5, pl10, p25, p50, p75, p85, p90, p95
and p97) by age of of RAM boys and girls/ Curvas de percentis suavizadas (p3, p5, p10, p25, p50,
p75, p8S, p90, p95 e p97) do PC para a idade de rapazes e raparigas da RAM
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Figure 6/ Figura 6 — WC smoothed z-scores curves (-2, -1, 0, 1 and 2) by age of RAM boys and
girls of / Curvas de z-scores suavizadas (-2, -1, 0, 1 ¢ 2) do PC para a idade de rapazes e raparigas
da RAM
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Discussion

According to the WHO recommendation®), we devel-
oped anthropometric references for the RAM popula-
tion between 6 and 18 years of age, and it is relevant to
compare them with those developed for other popula-
tion groups®2% that have been used by the health ser-
vices and health professionals.

Considering the percentile curves, data from the Brit-
ish population®, data from mainland Portugal® and
the Autonomous Region of the Azores®” were used.
Taking into account the existing data, this comparison
with the British curves was only possible until the age
of 17, with those from mainland Portugal from 10 to
18 years, and those of the Autonomous Region of the
Azores from 15 to 18 years.

To illustrate the parallelism between the different per-
centile curves, the percentiles 5, 50, 90 and 95 were
used for both genders, since they are common cut-off
points in the literature.

Analyzing the percentiles curves for both genders, we
find that the references of the RAM are similar to those
of mainland Portugal, much lower than those of the
RAA and higher than the British. The differences are
sometimes greater than 10 cm, which can lead to differ-
ent diagnoses, depending on the anthropometric refer-
ence used (Figures 7 and 8).
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Discussao

De acordo com o preconizado pela OMS®?Y, desenvol-
vemos referéncias antropomeétricas para a populagao da
RAM entre os 6 ¢ os 18 anos, sendo pertinente com-
para-las com as que foram desenvolvidas para outros
grupos populacionais®2? e tém sido utilizadas pelos
servigos e profissionais de satide da RAM.
Considerando as curvas de percentis, foram usados os
dados da populagdo britdnica®, os dados de Portugal
Continental® e da Regidao Auténoma dos Agores?®®.
Tendo em conta os dados existentes, esta comparagao
com as curvas britanicas so foi possivel até aos 17 anos,
com as de Portugal Continental dos 10 aos 18 anos ¢
com as da Regido Autonoma dos Acgores dos 15 aos 18
anos.

Para ilustrar o paralelismo entre as diferentes curvas de
percentis, foram utilizados os percentis 5, 50, 90 e 95,
para ambos os sexos, por serem pontos de corte comuns
na literatura.

Analisando as curvas de percentis para ambos 0s sexos,
verificamos que as referéncias da RAM sdo semelhan-
tes as de Portugal Continental, muito inferiores as da
RAA e superiores as britanicas. As diferencas chegam
por vezes a ser superiores a 10cm, o que pode conduzir
a diferentes diagnoésticos, dependendo da referéncia an-
tropométrica que se utiliza (Figuras 7 ¢ 8).

105 -
. - RAM
100 _— - - RAA
- - Portugal
Continental
...GB

PC (cm)

45 +——————+

6 7 8 9 10 11 12

14 15 16 17 18 19

Age (years)/ Idade (anos)

Figure 7/ Figura 7 - Comparison between the WC smoothed percentile curves (p5, p50, p90

and p95) by age of boys from RAM, RAA, mainland Portugal, and GB/ Comparag@o entre as

curvas de percentis suavizadas (p5, pS0, p90 e p95) do PC para a idade de rapazes da RAM,
da RAA, de Portugal Continental ¢ da GB
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Figure 8/ Figura 8 - Comparison between the WC smoothed percentile curves (p3, p50,

p90 and p95) by age of girls from RAM, RAA, mainland Portugal, and GB/ Comparagao

entre as curvas de percentis suavizadas (p5, p50, p90 e p95) do PC para a idade de ra-
parigas da RAM, da RAA, de Portugal Continental e da GB

Considering the comparisons established between these
RAM data and those of the anthropometric references
in use, we can verify that for the WC, the RAM refer-
ences are similar to those determined for the popula-
tion of mainland Portugal, but very different from the
Azorean population and the British population. These
disparities may be related to the increase of excess
weight in the other Portuguese autonomous region or
even to the characteristics of that population, with ge-
netic and environmental factors involved, whereas the
differences with respect to the British data can be attrib-
uted to the fact that more than 15 years elapsed between
the collection of these two sets of data.

This study thus fills the gap with regard to the non-ex-
istence of WC references for children and adolescents
of the RAM, since the other studies carried out in Portu-
gal include data from mainland Portugal or the Azores
but not children and adolescents from RAM,

The existence of these reference parameters, developed
from a representative sample of the RAM population,
more accurately reflects the characteristics of these
children and young people. In this way, they can be
used as representative instruments of the population
to which they are addressed, replacing those based on
other population groups, since there are morphological
differences between different geoFigureic areas caused
either by genetic influences or by the action of several
environmental factors such as food and nutrition.

This research may have great significance in the public
health of RAM since the anthropometric references that
we develop are an additional instrument for health pro-
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Comparando os dados do presente estudo com os das
referéncias antropométricas em uso, podemos verificar
que para o PC, as referéncias da RAM sdo semelhantes
as determinadas para a populacdo de Portugal Conti-
nental, mas muito diferentes da populagdo agoriana e
da populagdo britanica. Estas disparidades podem estar
relacionadas com o crescente aumento do excesso de
peso na outra regido autonoma portuguesa ou até com
as proprias caracteristicas daquela populagdo, estando
envolvidos fatores genéticos e ambientais, enquanto
que a diferenca que encontramos relativamente aos da-
dos britanicos, pode ser atribuida ao facto de existirem
mais de quinze anos entre a recolha destes dois conjun-
tos de dados.

Este estudo vem assim preencher uma grande lacuna,
uma vez que os estudos desenvolvidos em Portugal in-
cluem dados de Portugal Continental ou da Regido Au-
tonoma dos Agores, mas ndo incluem criangas e jovens
da RAM.

A existéncia destes parametros de referéncia, desenvol-
vidos a partir de uma amostra representativa da popula-
¢a0 da RAM, refletem com maior exatiddo as caracte-
risticas destas criancas e jovens. Desta forma, poderao
ser usados como instrumentos representativos da popu-
lacdo a que se destinam, em substitui¢ao dos baseados
em outro tipo de populagdes, dado que sdo conhecidas
as diferencas morfologicas entre diferentes areas geo-
graficas quer por influéncias genéticas quer pela agdo
de diversos fatores ambientais, como a alimentagdo e
a nutrigao.

Esta investigacdo pode ter grande significado na satude



fessionals to evaluate the growth and nutritional status
and health, as well as the cardiometabolic risk of chil-
dren and adolescents of RAM.
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publica da RAM ja que as referéncias antropométricas
que desenvolvemos constituem um instrumento adicio-
nal para os profissionais de saude avaliarem o cresci-
mento e o estado nutricional e de saude, assim como o
risco cardiometabolico das criangas e jovens da RAM.
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