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ABSTRACT

OBJECTIVE

To compare the measurements of neck circumference, waist circumference, and body mass index (BMI) between obese and eu-
trophic children.

METHODS

Cross-sectional research, using primary and case control data, with a comparative approach of anthropometric variables, carried
out with 218 students, 119 girls and 99 boys, from a municipal elementary school in Sao Paulo. Data collected were sex, age,
body weight, height, neck circumference (NC), and waist circumference (WC). The BMI was calculated and classified using the
BMI growth curve, according to age, in percentiles. For data analysis, non-parametric tests were applied.

RESULTS

According to the BMI, 36.2% of the children were overweight when the agreement test was performed between all physical cir-
cumference measurements. However, there was a weaker agreement between BMI and NC and between BMI and WC measures.
The correlation between the measures was greater between BMI and WC (62%), compared to between BMI and WC and between
NC and WC.

CONCLUSIONS

The use of the NC measure, as an additional measure for anthropometric assessment in pediatric patients, is suggested, due to
its practicality and as a complement for screening and monitoring childhood obesity.

DESCRIPTORS
Circumference, Anthropometry, Child, Obesity.

RESUMO

OBJETIVO

Comparar as medidas de circunferéncia do pescoco, circunferéncia da cintura e indice de massa corporal (IMC) entre criancas
com obesidade e eutroficas.

METODOS

Pesquisa do tipo transversal, por meio da coleta de dados primarios e caso controle, com abordagem comparativa das variaveis
antropomeétricas, realizada com 218 escolares, 119 meninas e 99 meninos, de uma escola municipal de ensino fundamental em
Sao Paulo. Foram coletados dados como: género, idade, peso corporal, estatura, circunferéncia do pescoco (CP) e circunferéncia
da cintura (CC), calculado e classificado o IMC pela curva de crescimento IMC por idade em percentil. Para analise dos dados
foram aplicados testes nao paramétricos.
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RESULTADOS

58

De acordo com o IMC, 36,2% das criancas apresentavam excesso de peso; quando realizado o teste de concordancia entre todas
as medidas de circunferéncias fisicas. No entanto, observou-se concordancia mais fraca entre entre as medidas IMC e CP e entre
IMC e CC. A correlacao entre as medidas foi maior entre IMC e CC (62%), mostrando-se novamente mais fraca entre IMC e NC,

bem como para CP e CC.

CONCLUSAO

0 uso da medida da CP, como uma medida adicional para avaliacdo antropométrica do grupo pediatrico é sugerido, devido a sua
praticidade e complementacao para triagem e monitoramento da obesidade infantil.
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INTRODUCTION

For some time, childhood obesity has been growing signifi-
cantly worldwide, being a determining factor in several com-
plications in childhood and adulthood' and considered by the
World Health Organization (WHO) as an epidemic of the 21st
century?. It is considered a disease characterized by excess
body fat that affects one in three Brazilian children, with dif-
ferent incomes and from different regions. According to the
latest Family Budget Survey (POF) 2008-2009, 33.5% of chil-
dren aged five to nine years are overweight, being greater in
urban than in rural areas, 37.5% and 23.9 % for boys and 33.9%
and 24.6% for girls, respectively, with emphasis on the South-
east region, where 40.3% of boys and 38% of girls are over-
weight3. Several factors are considered in the genesis of obe-
sity, with emphasis on genetic, physiological, and metabolic
factors, as well as which, environmental factors are becoming
increasingly important®.

During child development, the onset of obesity can occur
at any stage of growth, often triggered by early weaning, in-
adequate introduction of food, altered eating behavior, and
compromised family relationships, especially in the period of
growth acceleration?. In addition, there is high consumption
of foods rich in fat and with high caloric values, added to sed-
entary behavior®. Childhood obesity is a risk factor for chronic
non-communicable diseases (NCDs), such as arterial hyperten-
sion, diabetes mellitus, and cardiovascular diseases, which
result in decreased quality of life and high health care costst.
Thus, all disorders resulting from obesity can be insidious and
become chronic, requiring constant monitoring of body mass
during childhood, in order to prevent long-term effects’.

The most used criterion to determine overweight and obe-
sity is the Body Mass Index (BMI), defined by the weight in
kilograms divided by the height squared, in meters’2. Although
BMI is associated with adiposity in childhood, the association
varies with age and sex, making it necessary to use child
growth curves. Recently new curves have been proposed by
the WHO, which provide a unique international standard, bet-
ter representing children’s physiological growth??. In addition,
BMI is not considered a good marker for defining body fat dis-
tribution, either for total body fat or for assessing the surface
area of body fat distribution. Thus, the measurement of waist
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circumference has been proposed to assess visceral obesity,
alone or associated with BMI7210,

The association between obesity and metabolic syndrome
(dyslipidemia, hypertension, and hyperinsulinemia) is even
stronger if the adiposity is abdominal or central' 2. Recently,
some studies have linked neck circumference with determina-
tion of the distribution of body fat in children and adolescents,
not only sleep disorders, obesity, and cardiovascular disease
in adults, as seen previously. Although there are few studies
in this area, the findings highlight the importance of neck
circumference when composing the anthropometric measure-
ments of children to monitor their nutritional status”.

The measurement of neck circumference is easy and prac-
tical in the clinical routine, and it can be used to assess the
distribution of upper body fat. The measurement presents
good intra-observer reliability/agreement, as it does not re-
quire multiple precision measurements, such as waist circum-
ference’°. The first researcher to realize that different body
morphologies are related to a health risk factor, was Jean
Vague®, who in 1956 used the measurement of the neck of
obese men to assess the distribution of upper body fat, and
identified that upper body fat is more strongly associated with
glucose intolerance, hyperinsulinemia, diabetes, hypertri-
glyceridemia, gout, and kidney stones than lower body fat™. In
addition, lipolysis of adipose tissue varies between the upper
and lower body fat.

Free fatty acid release is lower from the lower body fat than
from the upper body, compared to an in vivo study carried
out with obese and non-obese men and women. Layers of ad-
ipose tissue have different uptakes of fatty acids, as well as
different mobilizations. These differences vary between men
and women, and between obese and non-obese individuals.
Although there is much to be studied about the regulation of
lipolysis, there is little evidence in vivo that regional differ-
ences in lipolysis play an important role in determining the
distribution of body fat'. This fact reinforces the relevance of
the, subcutaneous, measurement of upper body adipose tissue
deposits'. These observations indicate that neck circumfer-
ence can be used to identify overweight and obese patients,
and as an index of upper body fat distribution.

Studies have also verified the association of neck circum-
ference with diabetes in women, regardless of the degree of
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excess weight and insulin resistance, suggesting that the mea-
surement of neck circumference may be useful in the clini-
cal screening of people at an increased risk of insulin resis-
tance’®'7. In view of the above, the purpose of this study is
to verify whether neck circumference alone can be a good
marker of overweight and obesity in Brazilian children, since
the few studies directed at this theme are with children from
other countries. We also propose to evaluate a new tool for
use in health services, contributing to the advancement of
techniques used by professionals in the detection of childhood
obesity. Thus, the objective of this research was to compare
the measurements of neck circumference, waist circumfer-
ence, and BMI between overweight and eutrophic children.

METHODS

Quantitative, cross-sectional research through the collection
of primary data (Survey) and case control data, with a compar-
ative approach of anthropometric variables, carried out at the
Municipal School of Elementary Education (EMEF) Carlos de An-
drade Rizzini in 2011. The sample consisted of 218 children of
both sexes, aged between 6 and 10 years, corresponding to 119
girls and 99 boys received had authorization from their parents
or guardians to participate in the research and separated into
those who were overweight, obese, and severely obese (over-
weight group - case) and eutrophic (control group).

All children (93) under 6 years and over 10 years, as well
as those who were absent at the time of the research, with
physical and / or motor impairment, who were severely thin
or thin, or who refused to participate, were excluded from
the search. The overweight group (cases) corresponded to 79
children and the eutrophic group (control) was composed of
139 children.

The present study is in accordance with Resolution No. 196/96
of the National Health Council - Ministry of Health?; and was
approved by the Research Ethics Committee of the University
of Santo Amaro, under number 184/2010. The current research
did not offer risks to the participants because no invasive pro-
cedures were performed; the investigation was based on the
collection of some personal data and anthropometric measures.
As a benefit, the research contributes to the advancement of
techniques adopted by health professionals to detect childhood
obesity, as well as for monitoring child development.

Procedures for data collection and analysis

A data collection instrument was applied, containing vari-
ables such as: sex, age (years), body weight (Kg), height (cm),
neck circumference (NC - cm), and waist circumference (WC
- cm). Data collection was performed by a nutritionist with
a technical qualification. The mean of two measurements
was adopted for all variables, to obtain greater reliability in
the measurement and precision in the results. Body weight
was measured with a digital scale of the G-Tech brand, with
a capacity of 150 kg and divisions of 0.1 kg, and height was
measured with a portable Cardiomed stadiometer, up to 3.00
meters in height with a 0.1 cm scale.

For both anthropometric measures, the measurement tech-
niques proposed by the Food and Nutritional Surveillance Sys-
tem - SISVAN (2004)2' were adopted, which advocate that the
scale should be calibrated on a flat, firm, smooth surface, and
the child positioned in the center wearing the minimum possible
clothes, barefoot, erect, with the feet together and the arms
extended along the body. For height, the child should be posi-
tioned barefoot in the center of the equipment and with their
head free of props, remaining upright, with the arms extend-
ed along the body, head raised looking at a fixed point at eye
height, with the inner bones of the heels touching, as well as the
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inside of both knees, and the feet together at a right angle with
the legs. The lower mobile part of the equipment is then fixed
against the head with enough pressure to compress the hair.

After collecting these variables, the Body Mass Index (BMI)
was calculated using the weight / height equationZand classified
according to the parameters established by the new WHO child
growth curves (2007)%, using the Index of Body Mass by age (BMI
/ a) expressed as a percentile. As a way of assisting this process,
the WHO Anthro Pluso program, version 3.122 was used.

The Neck Circumference (NC) was measured with a 150cm
inelastic tape with a 0.1cm scale. The child remained stand-
ing with their head up, and the measurement was taken in the
middle of the neck, between the cervical middle column and
the anterior middle of the neck, that is, at the level of the
largest prominent portion of the thyroid cartilage, using the
technique proposed by Ben-noun et al., (2001)'* and adopting
the classification of Nafiu et al (2010)". Waist circumference
(WC) was measured using the same tape measure, starting
with the narrowest part of the trunk between the costal mar-
gin and the iliac crest as a measurement point. The children
were positioned upright, free of clothes in the abdominal re-
gion, and the measurement was performed at the end of a
normal expiration, without compressing the skin, and with the
tape remaining comfortably wrapped around the region. The
reference of Mccarthy et al., (2001)2 was adopted, consider-
ing the 90th and 95th percentiles to identify overweight and
obesity, respectively.

Among the existing references for WC, the one by Mccar-
thy et al., (2001)2 was adopted in the present study, because
according to Pereira et al., (2010)", who compared four ref-
erences of WC as an indicator of body fat and metabolic al-
terations in adolescents, this proposal is the most adequate
as a predictor of excess body fat in population evaluations.
After the diagnoses, the authors compared the methods, and
the data were tabulated with the aid of the Epinfo program,
version 6.0424.

To analyze the results, the Chi-square test or Fisher's ex-
act test?® was applied to study possible associations between
the variables analyzed. The Kappa test was used to study the
agreements or McNemar? test for discrepancies between the
measures adopted. Spearman's correlation coefficient? was
adopted to study the relationships between the measures
studied. The level of rejection of the null hypothesis was set
at 0.05 or 5%, and the BioEstat program, version 5.0 was used.

A spreadsheet was prepared for the school, containing all
the anthropometric measurements of each class, with their

respective classifications. This highlighted the children with
any nutritional deviation, enabling follow-up and monitoring
of the children’s nutritional status. An educational leaflet was
sent to the parents or guardians containing the ten steps for
healthy child nutrition from the MINISTRY OF HEALTH?, to-
gether with the child's weight, height, and nutritional status,
to indicate whether the child presents an adequate weight,
overweight, or underweight.

Children who presented any nutritional deviation were re-
ferred to the Basic Health Unit in the region.

RESULTS

The sample consisted of 218 children, which corresponds to
70% of the children in the school, 45.4% boys and 54.6% girls,
with homogeneity between sexes and age, and a mean age of
8.4 + 1.3 years.

According to the BMI, 36.2% of the children are overweight,
which demonstrates the sensitivity of the method to detect
excess weight early, as some of the children with excess
weight were not visually overweight. The results of WC clas-
sified 39.0% of the children as presenting central adiposity,
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demonstrating the sensitivity of the measure. These results
corroborate the childhood obesity epidemic currently found in
Brazil and worldwide. NC showed a lower proportion of over-
weight, presented by 23.4% of the sample. This fact can be
justified, since some of the children evaluated were within the
normal range, but according to the classification criteria they
were considered normal. Perhaps if they had different values
for overweight and obesity, as for NC, that is, more specific
values, some children would not be classified as normal ac-
cording to NC.

Tables 1 and 2 present the classification of children's nu-
tritional status among the methods studied. The agreement
between them can be seen diagonally, with 78.9% agreement
between BMI and NC and 74.3% between BMI and WC.

Table 1. Nutritional status of children attending EMEF, according
to the Body Mass Index (BMI) and Neck Circumference (NC) methods.

NC
BMI Eutrophic Overweight / Obesity Total
Eutrophic 130 9 139
Overweight ! 37 42 79
Obesity
Total 167 51 218

Test Kappa Kw= 0.51; Z=7.83 (p<0,0001); 2- Test McNemar X?= 18.28 (p<0,0001)
% Agreement = 78.9% Disagreement = 21.1% Above the diagonal = 4.1% Below the diagonal =
17.0

Table 2. Nutritional status of children attending EMEF, according to the
methods of Body Mass Index (BMI) and Neck Circumference (NC).

NC
BMI Eutrophic Overweight Overweight Total
Eutrophic 120 13 6 139
Overweight 13 9 23 45
Overweight 0 1 33 34

Total 133 23 62 218

1- Test Kappa Kw= 0.65; Z= 10.96 (p<0,0001) 2- Test McNemar X2= 14.00 (p<0,0001)

% Agreement = 74.3% Disagreement = 25.7% Above the diagonal = 19.3% Below the diagonal
=64

Agreement is weaker between BMI and NC when compared to
BMI and WC. These data are confirmed in tables 3 and 4, which
show the analysis of agreement between the methods. Significant
agreement values were not obtained between sexes and age.

Table 3. Presence or absence of agreement between the Body Mass Index
(BMI) and Neck Circumference (CP), according to age group and gender.

Age Female Male Total
Presence Absence Presence Absence Female vs. Male
6 1 3 11 2 p=0.54
7 10 5 14 6 p=0.56
8 1 12 1 3 X*=3.41
9 25 11 19 13 X?=0.756
10 20 11 12 8 X?=0.11

Total X?=4.43 (p>0.05) X?=4.06 (p>0.05)

Table 4. Presence or absence of agreement between the Body Mass Index
(BMI) and Waist Circumference (WC), according to age group and gender.

Age Female Male Total
Presence Absence Presence Absence Female vs. Male
6 9 5 11 2 p=022
7 10 5 15 5 p=043
8 16 7 12 2 p=024
9 25 1 24 8 X?=0.26
10 23 8 15 5 X?=0.004

Total X?= 056 (p>0.05) X?= 1.18 (p>0.05)

When the correlation was performed between the BMI and
NC, BMI and WC, and NC and WC (table 5), agreement was
again greater for BMI and WC (62%) compared to BMI and NC
(53%). The disagreement remained significantly greater.

—_
°
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Table 5. Spearman'’s Correlation Coefficient between the methods of
Body Mass Index (BMI), Neck Circumference (CP) and Waist
Circumference (WC), according to nutritional status.
BMI x NC BMI x WC NC x WC
Nutritional
status r p r2 r P r2 r P r2
Buliophic 55 00001 031 069 00001 048 063 00001 040
Overweight 0.50 0.0005 0.25 079 0.0001 062 0.56 0.0001 0.31
Overweight 0.73 0.0001 053 074 00001 055 061 0.0001 0.37
DISCUSSION

Obesity is an important public health problem in the world,
especially childhood obesity, which in addition to presenting a
rapid increase in this population, is associated with metabolic
and cardiovascular diseases. Appropriately, obesity has been
described as a potential cause for the decline in life expectan-
cy. Studies show that greater central fat deposition in children
is correlated with hypercholesterolemia and arterial hyperten-
sion”10.27, Thus, the diagnosis of central adiposity appears to
be more relevant than total body fat’.

One of the first steps for the prevention and early treatment
of childhood obesity is careful monitoring, using available
tools that are low-cost, fast, easy-to-use, and acceptable for
both patients and health professionals’"°. Despite the ease of
use, low cost, and popularity of BMI as an anthropometric tool,
it is increasingly clear that it is a marker of inferior quality, as
it does not provide accurate information on the distribution of
body fat”°.

WC is considered an indicator of visceral adipose tissue,
suggesting cardio-metabolic risk. However, its measurement
requires caution, mainly due to the differences in results be-
tween evaluators. This occurs due to factors such as: stan-
dardization of the measurement point; the child's difficulty in
exhaling smoothly; differing measures of the pre- and post-
prandial period (distension); measurement difficulty in winter
(clothing needs to be removed from the abdominal region for
greater measurement accuracy); and child’s embarrassment,
especially when they are overweight. In addition, there is still
no international standardization of cut-off points for classify-
ing abdominal adiposity specific to the pediatric group”11",

Several studies have documented NC as a simple screening
tool in adults to identify overweight individuals, in addition to
reporting an association of NC with central obesity and meta-
bolic disorders, and stipulating cut-off points for overweight/
obesity, being > 37cm and > 34cm for men and women, respec-
tively™. Other researchers assessed the relationship between
NC and cardiovascular risk factors, and found that WC, as a
single indicator of cardiovascular risk, is less effective for ep-
idemiological studies and, therefore, there is a positive rela-
tionship between changes in body composition, including neck

circumference, and changes in cardiovascular risk factors?29,

In the study by Ben-noun and Laor (2006)%®, a positive correla-
tion was identified between NC and metabolic syndrome and a
probable cardiovascular risk factor. Few studies have explored
the use of NC as an index for measuring body fat when screening
children. A study carried out with Turkish children revealed an
association between NC and BMI in both sexes, and, therefore,
NC could be a useful screening tool to identify excess weight
in older children, that is, in school age children. In addition,
the NC measurement could be important to identify obstructive
sleep apnea, especially in obese children?.10:31,

According to NAFIU et al., (2010)", who used this tool in a
large sample of North American children (1102), measuring NC
is clinically relevant for professionals who care for children
with a high BMI. The authors reported that the NC correctly
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identified a high proportion of children and adolescents who
were overweight or obese. Therefore, the cut-off points estab-
lished for NC could be used as a reference for boys and girls
aged 6 to 18 years.

In another study Nafiu et al., (2011)32, found a high preva-
lence (24.3%) of high NC, among 1102 patients, being positive-
ly correlated with age and other anthropometric parameters.
Children with a high NC were more likely to snore loudly and
have a history of bronchial asthma, hypertension, and type 2
diabetes. Adverse airway events were more frequent in chil-
dren with a higher NC.

Hatipoglu et al., (2010)7, also found a positive correlation
of BMI with NC and WC, in the pre-pubertal and pubertal pe-
riods, for both sexes. For this study, 412 overweight children
and 555 healthy children, aged 6 to 18 years, were recruit-
ed. The authors considered that NC can be used as an ad-
ditional and practical tool to assess overweight and obesity,
according to sex and age. A study of 2,334 Chinese children
aged 6 to 7 years, revealed that all anthropometric measures
studied (height, weight, body mass index, neck and hip cir-
cumference) and all blood pressure measurements performed
(systolic, diastolic, and high blood pressure) increased with
increasing waist circumference®.

However, in the present study, no good agreement was ob-
served between BMI and NC; a greater agreement was ob-

served between BMI and WC. Although the data found in this
study do not corroborate other studies, the use of the NC as
an additional tool for anthropometric assessments of the pe-
diatric groups is suggested, due to its practicality and as a
complement for screening and monitoring childhood obesity,
since significant results have been presented in other studies.

There are certain limitations in this study that must be

considered when interpreting the data, such as sampling, al-
though the sample studied is representative of the population
of children in the selected school, ethnicity, and cut-off points
established for overweight / obesity.

Although there was a weak correlation between the diagnos-
tic methods of BMI and NC, a more positive proportion was no-
ticed between BMI and WC. However, the use of NC is consid-
ered as an additional and practical tool to assess excess weight
in children, as it does not require multiple measurements. It
is suggested that further studies be carried out on this topic,
with a representative sample. For greater credibility, more
schools and teenagers should be involved, and specific cut-off
points for neck circumference should be created.

CONCLUSION

The use of the NC measure is suggested, as an additional
measure for anthropometric assessment in pediatric patients,
due to its practicality and as a complement for screening and
monitoring childhood obesity.
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