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ABSTRACT

Objectives: Overweight and obesity at an carly age are an important criterion for
predicting chronic diseases. Each anthropometric method available to assess obesity has its
limitations. Recently, one of the indices proposed to better detect this complication is neck
circumference (NC). The aim of this study was to investigate the relationship between
NC, and body mass index (BMI), and to find a cutoff NC size to identify children with
ahigh BMI.  Methods: In this cross-sectional study, we enrolled 864 students aged 6-17
years from the schools in Ahvaz, Iran. Measurements, including height, weight, neck,
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mid-arm, and waist circumference (WC), and clinical information were collected by
trained physicians. Pearson’s correlation coefficient was calculated between NC and other
obesity indices, and receiver operating characteristic curve analysis was used to determine
the best cutoff value of NC in predicting high BMI.  Results: NC in both genders was
significantly correlated with BMI, WC, and mid-arm circumference. The best cutoft value
of NC to identify boys with a high BMI was 27.5-38.3 c¢m, and for girls was 26.7-33.4
cm.  Conclusions: NC is significantly correlated with overweight and obesity. It can be
used with great reliability to screen overweight and obesity in children, and to identify

those with a high BMI.

verweight and obesity are still major

public health problems around the

world. The prevalence of obesity

varies from 10 to 40% in different
populations.! Unfortunately, the prevalence of
obesity has increased in industrialized countries
and also in developing ones, including Iran.? Several
studies have confirmed the relationship between
overweight and obesity and its markers with a wide
range of chronic diseases and even correlation with
malignancies that may threaten public health.?
When overweight and obesity occur in childhood,
considering the time-bound nature of many
pathogenic processes associated with obesity, there
are serious concerns.

Currently, various methods are used to assess
overweight and obesity. The most popular tool is
body mass index (BMI; ratio of weight by the square
of height). Based on the US Center for Discase
Control (CDC) percentiles, childhood overweight
and obesity are considered those in the 85-94 and >
95 percentiles, respectively.* Despite the simplicity
and universal use of BMI, it is not the perfect scale

to assess central obesity, which is the main predictor
for obesity-related disorders.

Due to the limitations of BMI, alternative scale
indicators such as waist circumference (WC) and
waist-to-hip ratio (WHR) have been introduced,
but each has its limitations. For instance, measuring
WC may be time-consuming and problematic in
terms of cultural and environmental issues. Similarly,
after eating, WC may be affected by abdominal
distention.® Given the limitations of these criteria,
new strategies are required to find a better scale
to measure overweight and obesity, particularly
focusing on visceral obesity.

Researchers have shown the use of neck
circumference (NC) as a simple screening method
to identify obesity and overweight.** The association
between NC, central obesity, and abnormal
metabolic status has been shown.” Our study aimed
to investigate the correlation between different
anthropometric methods in identifying children
aged 6-17 years with a high BMI and to determine
the best NC cutoff value for easier identification of
overweight or obese children.
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METHODS
We conducted a cross-sectional study in 2012
of 6-17 year old students from different areas of
Ahvaz, Iran. The study was approved by the Ethics
Committee of Ahvaz Jundishapur University of
Medical Sciences.

After obtaining the written informed consent
from parents, a total of 864 students were selected
by a two-stage cluster sampling method. Each
gender was divided into 12 age groups (one age
group for each year between six and 17), and 36
children were enrolled in each category. Based
on a history and physical examination, children
with goiter, or other neck masses were excluded
from the study. Anthropometric data of students,
including height, and weight, and neck, waist, and
arm circumference were measured and recorded
by two trained physicians who were blinded to the
objectives of the study. Weight and height were
measured using scales with an accuracy of 0.1 kgand
0.1 cm, respectively. NC was measured in the local
situation immediately below the larynx (thyroid
cartilage) and perpendicular to the longitudinal axis
of the neck (so that the measuring tape in front and
back of the neck was at the same height). We used a
flexible measuring tape and took the measurement
while the child was standing and looking straight
ahead with their shoulders relaxed and fallen. WC
was measured while the child was standingat the end
of a normal exhalation at the midpoint between the
lower edge of the last rib, and the upper edge of the
iliac crest, using a fabric measuring tape. Mid-arm
circumference was also measured while the arm was
bent at a 90° angle at the midpoint of the interface
between acromion processes and olecranon. BMI
was calculated for all children using the standard
formula, and BMI percentiles were determined
for each individual with respect to age and gender.
Accordingly, children with a BMI percentile < 85%
were considered as normal weight, and those with
a percentile > 85% were considered as overweight
and obese.*

In both genders, the mean and standard
deviation (SD) of height, weight, waist, NC, mid-
arm circumference, and BMI were calculated. In
each of these subgroups, the mean anthropometric
indices of children with normal and high BMI were
compared.

For comparison purposes, children were divided
by gender into two age groups: < 10, and > 10 years

old. After reviewing the data for normal distribution,
Pearson’s correlation coefficient (7) calculated the
correlation between the NC, BMI, and the other
anthropometric indicators. To identify cases of
overweight/obesity at different ages and in both
genders, receiver operating characteristic curve
analysis (ROC) was used to determine the best
cutoff value of NC, and the power and diagnostic
value (sensitivity and specificity) of this criterion.
Accordingly, if the area under the curve (AUC)
was > 90%, test accuracy was considered excellent,
an AUC between 90-70% good, and between 70—
50% was acceptable. A test accuracy of < 50% was
unacceptable.!

In this study, reference screening method was
considered to determine overweight/obesity and
BMI values, and the value of NC was compared with
BMI as a new screening method. Data were analyzed
using SPSS Statistics (SPSS Statistics Inc., Chicago,
US) version 18.

RESULTS
The total of 864 students was assessed
anthropometrically. The mean BMI of male and
female children was 19.543.6 and 19.0+3.4 kg/m?,
respectively. Similarly, the mean NC in males and
females was 31.4+3.9 and 29.6+ 2.6 cm, respectively.

Comparison of children with high and normal
BMI disclosed a significant difference in the mean
weight, WC, NC, and arm circumference in both
genders and age groups (p < 0.001) [Table 1].
However, no significant difference was found in
their mean height (» > 0.050). Boys < 10 years old
with normal BMI had a greater mean NC than girls
(p =0.002), but this difference was not significant in
girls with a high BMI (p = 0.200).

Tables 2 and 3 show the AUC values, cutoff
values, and sensitivity and specificity of NC in
identifying children with overweight/obesity by age.
Based on these findings, and considering the AUC
of 70-90% in all age groups, NC could accurately
identify boys and girls with a high BML

The sensitivity and specificity of this screening
method for males were between 60.0-88.9% and
71.4-88.5%, respectively, and 71.4-87.5% and
67.7-82.8% for females, respectively. Table 4 shows
the correlation r coefficient between anthropometric
parameters in different age categories. There was
a positive correlation of NC with BMI and waist
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Table 1: Children’s characteristics according to age, BMI, and gender.

Variable Age < 10 years Age > 10 years

Normal BMI High BMI p-value Normal BMI High BMI p-value
Male, n 108 36 222 66
Height, cm 127.1+£7.1 126.147.5 0.460 158.0£13.5 157.4+13.8 0.730
Weight, kg 25.6+3.7 30.4+4.6 <0.001 4831124 60.7£15.0 <0.001
BMI 15.8+1.0 19.0£1.1 <0.001 19.8+2.8 247425 <0.001
NC 27.3+1.6 28.9+1.7 <0.001 32.643.1 34.943.0 <0.001
wWC 57.4%5.5 67.7£5.0 <0.001 68.5£6.6 78.6+4.6 <0.001
MUAC 19.3+1.8 22.8+1.7 <0.001 25.6£3.0 29.6+2.8 <0.001
Female, n 117 27 232 56
Height 125.446.6 126.9+6.5 0.310 153.1£8.1 153.3£7.7 0.900
Weight 25.1£3.7 31.5%5.1 <0.001 45.148.8 58.7+10.4 <0.001
BMI 159+1.2 19.5+1.4 <0.001 19.1+2.4 24.842.3 <0.001
NC 26.6£1.5 28.5£1.3 <0.001 30.5£1.9 32.4+1.4 <0.001
wC 57.4+4.9 66.8+5.1 <0.001 65.9+6.1 782442 <0.001
MUAC 19.5+2.2 229425 <0.001 24.843.3 29.442.8 <0.001

BMI: body mass index; NC: neck circumference; MUAC: mean upper arm circumference; WC: waist circumference.

and mid-arm circumference for all age groups in
both genders. There were also positive correlations
between BMI and waist and arm circumference.

DISCUSSION
Our study revealed the value of measuring NC
to screen for overweight/obesity in children and
adolescents. Further, we were able to determine a
reliable cutoft value of NC to diagnose overweight/
obesity in both genders. Limitations of previous
methods used to assess obesity in children and

adults*® led researchers to find other ways to screen
this condition, including the measurement of NC
as a new indicator of central obesity.®* In addition
to low cost, simplicity, and availability, this method
could be a screening tool to predict respiratory
complications during surgery'' and abnormal
metabolic status.’

There is a significant correlation between the
value of NC, body fat percentage,'? very low-
density lipoprotein (VLDL), triglyceride (TG),
total cholesterol (TC)/high density lipoprotein
(HDL), and TG/HDL."” Bizheh et al,”® stated

Table 2: The values of the area under the curve (AUC), the cutoff value, sensitivity, and specificity of NC in

detecting overweight/obesity in males.

Age, years n AUC*

6 36 0.81 (0.64-0.98)
7 36 0.78 (0.58-0.98)
8 36 0.76 (0.57-0.96)
9 36 0.75 (0.56-0.94)
10 36 0.80 (0.61-0.99)
11 36 0.88 (0.77-0.99)
12 36 0.83 (0.67-0.99)
13 36 0.81 (0.63-0.99)
14 36 0.82 (0.68-0.96)
15 36 0.83 (0.67-0.98)
16 36 0.84 (0.71-0.98)
17 36 0.87 (0.76-0.99)

Cutoff Sensitivity* Specificity*
27.5 77.8 85.2
28.3 75.0 71.4
29.1 77.8 77.8
29.7 60.0 76.9
30.4 75.0 85.7
31.3 88.9 73.1
327 75.0 78.6
339 714 86.2
353 75.0 75.0
36.7 70.0 88.5
37.6 87.5 75.0
383 87.5 78.6

With 95% confidence interval.
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Table 3: The values of the area under the curve (AUC), the cutoff value, sensitivity, and specificity of NC in

detecting overweight/obesity in females.

Age, years

6
7
8
9
10
11
12
13
14
15
16
17

36
36
36
36
36
36
36
36
36
36
36
36

AUC*
0.80 (0.62-0.98)
0.88 (0.77-0.99)
0.82 (0.67-0.97)
0.84 (0.70-0.98)
0.82 (0.68-0.97)
0.83 (0.68-0.97)
0.85 (0.71-0.99)
0.84 (0.71-0.98)
0.87 (0.74-0.99)
0.88 (0.77-0.99)
0.79 (0.61-0.97)
0.86 (0.73-0.98)

Cutoff
26.7
27.4
282
29.2
30.0
30.9
31.4
32.1
32.6
329
33.1
334

Sensitivity*
833
85.7
833
87.5
75.0
714
75.0
833
75.0
85.7
80.0
714

Specificity*

70.0
79.3
73.3
71.4
78.0
79.3
71.4
76.7
82.1
79.3
67.7
82.8

With 95% mnﬁdmce interval.

Table 4: Pearson’s correlation coefhcients (r) among anthropometric parameters studied in both genders.

Age, BMI-NC BMI-WC BMI-MUAC NC-wC NC-MUAC p-value
years
F M F M F M F M F M F
6 0.70 0.69 0.85 0.86 0.72 0.67 0.64 0.61 0.67 0.68 < 0.001 < 0.001
7 0.71 0.76 0.86 0.88 0.69 0.74 0.79 0.77 0.72 0.87 <0.001 < 0.001
8 0.70 0.84 0.87 0.88 0.66 0.81 0.72 0.80 0.62 0.68 <0.001 <0.001
9 0.61 0.82 0.84 0.90 0.73 0.79 0.63 0.83 0.59 0.69 < 0.001 < 0.001
10 0.71 0.78 0.88 0.93 0.68 0.81 0.73 0.81 0.64 0.87 <0.001 <0.001
11 0.69 0.82 0.81 0.91 0.73 0.78 0.66 0.81 0.72 0.79 < 0.001 < 0.001
12 0.74 0.76 0.91 0.89 0.75 0.75 0.82 0.79 0.72 0.67 <0.001 <0.001
13 0.76 0.86 0.87 0.90 0.66 0.84 0.84 0.83 0.61 0.81 < 0.001 < 0.001
14 0.80 0.85 0.88 0.89 0.74 0.82 0.85 0.74 0.64 0.75 <0.001 < 0.001
15 0.73 0.82 0.91 0.92 0.73 0.84 0.74 0.86 0.71 0.76 <0.001 <0.001
16 0.80 0.79 0.87 0.85 0.78 0.74 0.84 0.84 0.62 0.66 <0.001 < 0.001
17 0.81 0.78 0.90 0.94 0.76 0.75 0.84 0.79 0.78 0.77 <0.001 < 0.001
BMLI: body mass index; NC: neck circumference; MUAC: mean upper arm circumference; WC: waist circumference; M: male; F: female.
Table 5: Cutoff, sensitivity and specificity values of NC measured in different studies.
Study Country, Age n Boys Girls
year range,

years Cutoff  Sensitivity  Specificity Cutoff Sensitivity ~ Specificity
Thisstudy  Iran, 2013 6-17 864 27.5-383 60.0-88.9  714-88.5 267-334 714-785 67.7-82.8
Olubukold® 9% 6-18 1102 285390 60.0-1000  67.9-100  27.0-346  G0-78.5  55.6-100.0
Hadpogl” K€% 6 18 976  28.0-38.0 : - 27.0-34.5 - .

Pog 2010 HTe LT

Lou' CZI(;Ilnf 7-12 2874 274-313 755-867  739-917  263-314 80.0-925 74.7-933
Atwa'® Ezgoylf’zt’ 12-15 2762 29.3-31.7 91.0-96.0  55.0-91.0  28.6-31.4 90.0-96.0  56.0-83.0
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that the value of NC and WC compared to other
indices (BMI and waist to height ratio) has a higher
accuracy in predicting the risk of atherosclerosis, and
recommended the use of NC measurement for risk
assessment in the middle-aged.

In our study, in both age groups and genders,
the mean weight, waist, NC, and arm circumference
between subjects with high and normal BMI were
significantly different, but their mean height values
were in the same range (subjects with higher BMI
were not taller). This was consistent with a study
performed in the United States, which found that
boys in the younger age group (< 10 years), with
a normal BMI, had significantly higher mean NC
values than girls.* However, in those with high BMI,
their study also found higher NC values for boys
(while boys and girls were same in our study).

In our study, like other studies, in all age
categories of both genders, there was a positive
and strong correlation between NC and BMI, and
waist and arm circumference. Also, BMI and WC
and BMI and mid-upper arm circumference were
positively correlated.”1413

We observed AUC values of 70-90% in all
age groups, which suggests that NC can accurately
identify children with a high BMI. Further, the
cutoff values of NC to identify children with
overweight/obesity in different age categories in
boys was 27.5-38.3 and in girls was 26.7-33.4. These
results were close to the previous studies and small
differences between the cutoffs could be explained by
ethnic variation [Table 5]. Furthermore, differences
in sensitivity and specificity of the NC measuring
method in different studies could be due to sample
size and age range.

There are several limitations of this study that
should be considered in the interpretation of results.
The study was conducted in the city of Ahvaz, and
the inclusion of data from children living in rural
areas might change the results. The analysis was
based on the ROC calculation and are, generally,
dependent on the prevalence of disease in the study
population. So the results of the present study may
be unusable in areas with much lower prevalence of
obesity.

This was the first study in Iran, which examined
the value of NC with a wide range in children in
both gender, and the results can be used as a primary
clinical guide to identify children with overweight
and obesity.

Based on the findings of this study, we
recommended that an extensive study is performed
to determine a nomogram and percentiles of NC
in different age groups. We also suggest researchers
look for the relationship between NC, blood
pressure, and metabolic syndrome components, such

as diabetes and hyperlipidemia.

CONCLUSION
Compared to other methods, NC measurement
is easier for clinicians and more comfortable for
children. This study confirmed the results of
previous studies on the usefulness and reliability of
this method in identifying overweight/obesity in
children (especially central obesity).
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