International Journal of Scientific Reports
Arias-Tellez MJ et al. Int J Sci Rep. 2022 Jul;8(7):177-183

L . DOI: https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20221588
Original Research Article

Neck circumference cut-off points to determine obesity
in Chilean preschool children

Maria José Arias-Téllez!?, Barbara Leyton?, Clarice M. de Lucena Martins*®,
Juliana Kain3, Gabriela Noemi Carrasco Navarrol”’,
Sandra Mahecha-Matsudo®, Johana Patricia Soto-Sanchez8*

!Department of Nutrition, Faculty of Medicine, University of Chile, Santiago, Chile

2Department of Physical and Sports Education, Promoting Fitness and Health through Physical Activity Research
Group, Sport and Health University Research Institute (iMUDS), Faculty of Sports Science, University of Granada,
Spain

SInstitute of Nutrition and Food Technology, University of Chile, Santiago, Chile

“Department of Physical Education, University of Porto, Porto, Portugal

Department of Physical Education, Federal University of Paraiba, Jodo Pessoa, Brazil

®Faculty of Sports and Laboratory for Integrative and Translational Research in Population Health (ITR), Research
Center in Physical Activity, Health and Leisure (CIAFEL), Porto, Portugal

"Santa Maria Clinic, Providencia, Santiago, Chile

8Exercise and Health (CEAFES), Center of Study on Physical Activity, Universidad Mayor, Chile

Received: 01 May 2022
Revised: 11 June 2022
Accepted: 13 June 2022

*Correspondence:
Dr. Johana Patricia Soto-Sanchez,
E-mail: Johana.soto@umayor.cl

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Background: The prevalence of obesity in Chilean preschoolers is high. Simple methods for the diagnosis in Chilean
preschoolers are of public health interest. We determined neck circumference cut-off points as a proxy measure of
obesity according to age and sex.

Methods: 597 participants (267 girls) were included. NC, weight, height, and waist circumference were measured.
Body mass index scores (BMI z scores) was calculated. Descriptive variables for girls and boys were compared with
t-test. Pearson correlations were calculated to examine the relationship of NC with classical anthropometric measures.
NC cut-off values (ROC analysis) and Kappa coefficient, were calculated.

Results: NC was positively associated with BMI z score and WC among girls and boys, across age groups (all
p<0.001). Obese cut-off points of NC for elevated BMI z score were between 25.3~25.9 cm in girls and 26.2 in boys,
while those for WC were, 25.7 and 26.3 for 5-year-old girls and boys, respectively. The KC between BMI z score or
WC with NC had an agreement strength between poor to moderate (all p<0.001).

Conclusions: NC demonstrated to be a reliable indicator for the diagnosis of obesity for Chilean preschoolers. Future
studies are needed to validate this finding.
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INTRODUCTION mellitus, cardiovascular disease, and cancer.** The

worldwide prevalence of obesity in preschoolers,
Obesity is strongly associated with negative health according to body mass index z scores (BMI z scores), is
outcomes, inc|uding metabolic Syndrome7 type-z diabetes hlgh.5 Previous results also reported the Latin America
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and Caribbean region as the global region with the
highest prevalence of overweight among children under 5
years of age.® In Chile, the prevalence of overweight and
obesity in preschoolers is 51.2%.7 In this context, new
strategies for the diagnosis of obesity of Chilean
preschoolers are of public health interest.

Traditionally, total and central obesity among children
relies on BMI and waist circumference (WC), which has
sparked some debate.®%° Likewise, neck adipose tissue,
an ectopic depot of the upper body, has been associated
with cardiometabolic risk (CMR) and inflammatory
profile, independent of visceral adipose tissue mass in
young people.**? However, findings on neck adipose
tissue in the pediatric population are still unknown. Neck
circumference (NC) has been associated with adiposity
indicators, such as BMI, WC, fat mass index, and/or
visceral adipose tissue mass in children and adults.*3
Indeed, NC has also been proposed as a useful surrogate
tool of estimation of neck adipose tissue and CMR,
especially in sedentary young men.*2 Recently, in
children and adolescents, NC has also been identified as a
potential predictor of early metabolic alterations.*3*°

At present, NC cut-offs have been used as a novel
indicator to screen pediatric obesity in preschoolers, and
CMR in children and adolescents.’®” Regarding the
comparative  advantages  with  other  classical
anthropometric indicators, NC is characterized by: being
an measurement which is easy to determine, not changing
throughout the day, not being influenced by abdominal
distension, not being altered by inhalation and exhalation,
and being a practical assessment that can be easily used
during cold weather.t® Currently, age-related NC cut-offs
have been reported in Turkish, and Pakistani preschool
children.'®1® Nevertheless, NC cut-offs for Chilean
preschoolers have not been established. Due to the
clinical utility of NC of children worldwide, it is useful to
have information on studies carried out in several
countries, especially in those where prevalence of
overweight and obesity has been increasing over the
years. In this context, this study aimed to associate NC
with anthropometric indicators of total and central fat
mass in the pediatric population and to determine NC cut-
off points as a proxy measure of obesity in Chilean
preschoolers, according to sex and age. This information
may be useful to parents, clinical practitioners and
teachers, and could redirect obesity screening in public
health policies for diagnosing obesity among Chilean
preschoolers.

METHODS
Participants

This cross-sectional study included a sample of 597
participants (267 girls) aged 4 to 5 years old. Participants
were enrolled in the “preschool children: fit, healthy, and
smart: PREFITH-CHILE” study (clinical trial
registration: NCT 04269135). All assessments were

performed in 4 regions, Santiago, Valparaiso, Libertador
Bernardo O'Higgins, and Coquimbo from 2018 till 2019.
The inclusion criteria were not having neurologic, motor,
and hearing alterations or other condition that may limit
the practice of regular physical activity, not taking
medication that can influence the central nervous system,
and understanding the Spanish language. This study was
approved by the bioethics committee of the nutritional
and food institute of the university of Chile. The study
protocol and the written informed consent were
performed following the Declaration of Helsinki (revision
of 2013).

Procedure

Neck circumference; NC was measured using an
inextensible metallic tape over the laryngeal prominence
and applied perpendicular to the long axis of the neck.?°
During the measurement, the participant was in an
anatomical position, standing or sitting with the head in
the Frankfort plane and shoulders relaxed. All
measurements were made in duplicate, using the mean
for the analysis. The error technical measure (ETM)
accepted by our laboratory was 1.5%.2*

Classical anthropometric indicators; body weight (kg)
and height (m) were measured using a calibrated digital
scale (SECA model 813) and a portable stadiometer
brand (SECA model 213) respectively. Participants wore
light clothing and no shoes. BMI (kg/m?) and BMI z-
scores were calculated.?? Waist circumference (WC) was
measured in the minimum perimeter, at the end of a
normal expiration, the arms relaxed on both sides of the
body, at the end of a normal expiration, with the arms
relaxed on both sides of the body.? WC was measured
twice with a metallic tape, and we used the mean value
for the analyses. We used the Fernandez et al WC cut-off
to define obesity.?

Statistical analysis

The present study is based on a secondary analysis of
PREFITH-Chile therefore, a specific power calculation
was not required for the present study. However, the
sample size the original study (considering the 80% of
power and error o of 5%) was calculated from results
showed by a study about the effects the degree of
association of physical fitness with non-invasive risk
factors and neuropsychological development in
children?*. The distribution of the main variables was
verified using the Shapiro-Wilk test, skewness and
kurtosis values, visual check of histograms, Q-Q, and box
plots. All the analyses were performed separately for girls
and boys by age, given the influence of the interactions of
sex/age with BMI and WC on NC (all p<0.05). Subject
characteristics were reported as the mean and standard
deviation, and the descriptive variables for girls and boys
were compared with an independent sample t-test (equal
variances). Pearson correlations were calculated to
examine the relationship of NC with classical
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anthropometric measures. NC cut-off values were
calculated for 4-5 year old children with receiver
operating characteristics (ROC) analysis, considering
obesity as the dependent variable defined as BMI z
scores>2.22% |n addition, Cohen's Kappa coefficient was
used to determine the agreement between BMI z-scores
(as gold standard) or WC, and obesity cut-off points for
NC. The agreement strength was based on the following
criteria:  0.00-0.20 (poor), 0.21-0.40 (fair), 0.41-0.60
(moderate), 0.61-0.80 (good), 0.81-1.00 (very good).25%
All analyses were done using the Statistical Software
STATA, version 17.0, and the level of significance was
set at <0.05.

RESULTS

The main characteristics of NC in Chilean preschoolers
aged 4 and 5 years by sex and descriptive characteristics
are presented in (Table 1).

No difference in BMI z scores between girls and boys
(p=0.0860) was observed. However, boys" NC was
significantly higher than girls” (25.8+1.6 cm vs. 25.1+1.5
cm, respectively; p<0.001). NC was positively associated

(all p<0.001) with all classical anthropometric indicators
among girls and boys, across age groups (Table 2).

Pearson correlations of NC with weight were higher in all
age and sex groups (r Pearson>0.77). In addition, the
association of NC with BMI z score was higher in 5-year-
old girls (r Pearson>0.78). The accuracy of NC to identify
high BMI z-score, according to both age and sex is
depicted in (Table 3). In girls, obese cut-off points for NC
were equal or greater than 25.3 cm for 4-year-old, and
25.9 cm for 5-year-old. In 4- and 5-year-old boys, the
cut-off values for obesity were 26.2 cm in both age
groups. Obese cut-off points for WC were 25.7 and 26.3
for 5-year-old girls and boys, respectively. In addition,
the sensitivity %, specificity %, Youden index, and
likelihood ratios for each cut-off point are also shown in
(Table 3). The calculated Kappa coefficient between BMI
z-score and NC, which ranged from 0.38 to 0.58 and
from 0.58 to 0.45 for 4- and 5-year-old girls and boys
respectively (all p<0.001) are shown in (Table 4). In
addition, the Cohen's Kappa coefficient between NC
according to WC was calculated only for 5-year-old.
These values were 0.54 and 0.53 for girls and boys
respectively (p<0.001).

Table 1: Descriptive characteristics of the study participants.

. All (n=597 Girls (n=267 Boys (n=330

VLl Mean SD Mean SD Mean SD

Age (years) 5.2 0.5 5.2 0.5 5.2 0.5 0.9173
Weight (kg) 21.1 4.0 20.8 4.0 21.3 3.9 0.1469
Height (cm) 110.6 5.7 109.9 5.7 111.2 5.7 0.0065
BMI z score 1.1 1.2 1.0 1.1 1.2 1.2 0.0860
NC (cm) 25.5 1.6 25.1 15 25.8 1.6 <0.001
WC (cm) 56.1 6.1 56.4 6.1 55.9 6.2 0.3586

Values are meanststandard deviation; p for comparisons by sex; (n) is sample size, (p) p value; BMI body mass index; NC neck
circumference; WC waist circumference, t test was used to analyse statistical differences according to sex.

Table 2: Association between neck circumference and classic anthropometric variables by age and sex.

Neck circumference (cm

Age group

4-year-old 5-year-old
All
Variables r n r n
Weight (kg) 0.77* 234 0.80* 363
Height (cm) 0.55* 234 0.50* 363
BMI z score 0.68* 234 0.75* 363
WC (cm) 0.69* 234 0.76* 363
Girls
Weight (kg) 0.74* 103 0.84* 164
Height (cm) 0.56* 103 0.51* 164
BMI z score 0.61* 103 0.78* 164
WC (cm) 0.69* 103 0.79* 164
Boys
Weight (kg) 0.80* 131 0.79* 199
Height (cm) 0.52* 131 0.48* 199
BMI z score 0.74* 131 0.73* 199
WC (cm) 0.74* 131 0.79* 199

Pearson correlation coefficients were determined to examine the association of neck circumference with weight, height, BMI z score and
WC by age and sex; (n)=Sample size; *p<0.001; BMI=body mass index; WC=waist circumference.
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Table 3: Receiver operating curve analysis for neck circumference and waist circumference to determine cut-off
points for 4 to -5-year-old girls and boys with obesity according to BMI z-score and WC.

Neck circumference cut-off points according to BMI z score
Girls

4 103 0.78 (0.65-0.91) 25.3
5 164 0.91 (0.86-0.97) 25.9
Boys

4 131 0.88 (0.80-0.96) 26.2
5 199 0.85 (0.79-0.90) 26.2
Neck circumference cut-off points according to BMI z-score
Girls

4 - - -

5 164 0.84 (0.83-0.96)  25.7
Boys

4 - - -

5 199 0.85 (0.89-0.97) 26.3

84 70 054 280 -0.20
83 86 0.69 593 0.04
78 88 0.66 6.50 0.11
82 70 053 273 -0.17
95 75 0.70 3.80 0.06
87 81 0.68 457 0.16

AUC=area under the curve; Cl. BMI=body mass index; Confidence interval; LR+. Positive likelihood ratios (sensitivity/1-specificity);
LR-. Negative likelihood ratios (1-sensitivity/specificity); Y1. Youden index. WC. Waist circumference.

Table 4: Assessment of level of agreement between obesity according to BMI z-score and waist circumference with
neck circumference.

Girls
4-year-old 5-year-old
BMI z-score with NC WC with NC  BMI z-score with NC WC with NC
. . N with . . .

. . N with obesity - N with N with obesity
Elyvé':\})”ozbiige by BMI z score  Without cut- N with obesity by %?\islltzys%re obesity by by WC >61.4
<5 >2 and NC off BMI z score >2 > and NC wWC cmand NC

>25.3 cm >61.4 cm >25.7 cm
>25.9 cm
19 16 29 24 31 27
Kappa coefficient
0.38* - 0.58* 0.54*
Boys
4-year-old 5-year-old
BMI z-score with NC WC with NC ~ BMI z-score with NC WC with NC
- : N with . . .
. . N with obesity - N with N with obesity
Elyvgmfiige by BMI z score  Without cut- N with obesity by g?\;iliystgre obesity by by WC >61 cm
>2 and NC off BMI z score >2 WC >61 and NC >26.3
>2 >2 and NC
>26.2 cm cm cm
>26.2 cm
23 18 - - 57 47 42 40
Kappa coefficient
0.58* 0.45* 0.53*

*P<0.001. BMI z. Body mass index z-score, N. Sample size, NC. Neck circumference, WC. Waist circumference.

DISCUSSION

This study showed that in a sample of Chilean
preschoolers, NC is associated with classical
anthropometric indicators, such as BMI z-score and WC,
in both girls as boys, with agreement strength between
poor to moderate. Our findings suggest that NC could be
implemented as an easy, low cost and replicable
anthropometric indicator for the clinical obesity diagnosis
of Chilean preschoolers. However, future studies are
needed to validate this finding. Previous evidence have

shown NC as a simple and practical indicator of obesity
in children.’ Specifically in preschoolers, a cross-
sectional study showed that in 1766 Turkish children
aged 2-6 years old from all socioeconomic levels, NC
was statistically associated with BMI>95th percentile in
both sexes.® Interestingly, the authors provided NC cut-
off values to determine obesity in girls and boys close to
our values (girls: 25.8 cm for 4 year old, 25.7 cm for 5
year old; boys: 25.9 cm for 4 year old, 27 cm for 5 year
old).
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Similarly, another cross-sectional study including 7921
Pakistani children and adolescents aged 5-14 years,
showed that NC has a positive correlation (r=0.61,
p<0.01) with BMI, even after adjusting by age, sex, and
living area, and that approximately 25 and 26 cm are
optimal cut-off points to identify 5 year old girls and boys
with obesity, respectively.81

The WC is a double indirect and non-invasive indicator
used for diagnosis of central obesity in children and
adolescents.?>% Several studies in children have shown
that NC is significantly associated with WC in school
children, and can be used as an inexpensive and simple
indicator for central obesity.?3 However, only one
previous study has explored NC use as a cut-off to detect
central obesity. In a cross-sectional study involving 5964
Pakistani children (between 8 and 9 vyears old),
Muhammad Asif et al showed that the NC cut-offs for
central obesity diagnosis were 26.54 and 26.56 cm in
girls and boys, respectively. However, the lack of studies
showing these values only in preschool children does not
allow us direct comparisons.

In our study, BMI z score and NC had an agreement
strength between poor to moderate (Kappa coefficient) of
0.58, while showing that NC could be an indicator with
better sensitivity for 5-year-old girls and 4-year-old boys.
It is noteworthy that the Kappa coefficient has not been
calculated in other studies involving preschoolers.
However, in a study including with 2847 Chinese
children aged 7-12 years, Lou et al showed a higher level
of Kappa coefficients” agreement, 0.65 in boys, and 0.63
in girls (p<0.001). Consequently, the lower sample size
and statistical power of our study may explain the results,
though more studies are needed to confirm this
hypothesis. In addition, we showed for the first time, the
Kappa coefficient between NC and WC in 5-year-old
preschoolers, with a similar strength agreement between
girls and boys. However, the lack of percentile cut-off for
central obesity diagnosis for 4-year-old preschoolers does
not allow determining the agreement for this age group.
Interestingly, for the 5-year-old group, girls showed a
better agreement between BMI z score and NC than boys,
whose agreement was better for WC and NC. This could
be explained by the age-related difference in central and
upper body fat distribution by sex, observed as age
increases which is closely related to genetic composition
and sexual dimorphism, and should be considered in
future studies.*?3%> Although there are no studies that
associate NC with gold standard indicators of total and
central fat mass in pediatric population, two studies have
shown the association of NC with bio-electrical
impedance analysis technique in children and
adolescents.® In this context, Bammann et al investigated
78 preschool/school children aged 4-10 years, from four
different European countries, and showed that NC is not
the best predictor of fat mass (unadjusted R?=0.484).%
More recently, Coutinho et al showed that in 2794

Brazilian school children 6 to 19 years, from five
different schools, NC was strongly correlated with fat
percentage.®

Despite NC has been associated with higher upper body
subcutaneous fat, a deposit of fat that includes neck
adipose tissue, described as having an important
contribution to the available systemic free fatty acids
(more than central fat), and that some studies have shown
NC as a good indicator of CMR cluster in children,
adolescents and young adults, whether NC is associated
with CMR in Chilean preschoolers, is unknown and
should be explored in future studies,1t1215:17:37-40

Limitations

Limitations of current study were; considering there is no
WC cut-off for 4-year-old children, the level of
agreement between NC and WC could not be assessed. In
addition, we only included 4 to 5 years old due to the
small sample size of 3-year-old children. Nonetheless,
determining this indicator in this age group, close to the
adiposity rebound, can be seen as a strength of this study.

CONCLUSION

NC is associated with BMI z score and WC, in girls and
boys, with agreement strength between poor to moderate.
Although the results of this study suggest that NC may be
a practical diagnostic tool for obesity in Chilean
preschoolers, we recommend that additional studies
should test its validity and association with health
outcomes. In addition, because the increase in adipose
tissue occurs mainly in childhood and adolescence, it
would be important to perform longitudinal studies
considering this variable and study this association with
central obesity and CMR.
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