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ABSTRACT
To investigate the relationship between neck circumference (NC) and other markers of obesity like body mass index
(BMI), waist/hip ratio (WHR) and to find a cut off neck circumference value to identify children with a high BMI.Cross
sectional observational study done in 413 children aged between 7 to 16 years. Anthropometric markers of obesity
including body mass index (BMI), waist circumference (WC), hip circumference (HP), waist-to-hip ratio (WHR) were
measured and compared with neck circumference of the same subjects.All anthropometric measures were found
significantly higher in over weight/obese children when compared with their normal weight peers. Neck circumference
had a strong positive correlation with other anthropometric measures like BMI, waist/hip ratio in both boys and girls
with a p value of <0.001. Best cut-off value of neck circumference by ROC to identify boys with high BMI is 30 cm with a
sensitivity of 97.6% and specificity of 79.9%. The same for girls was 30.2 cm with 97% sensitivity and 80%
specificity.Neck circumference significantly correlated with other indices of obesity and hence can be used with great
reliability to screen overweight and obesity in children.
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INTRODUCTION
The existence of obesity around the globe has guided to be avail oneself as ‘GLOBESITY’ to narrate the
epidemic drift towards increased body weight[1]. Over weight and obesity results in the risk of type 2
diabetic mellitus, hypertension and cardiovascular diseases in later life[2].
The most popular tool for assessing overweight and obesity is body mass index (BMI) a ratio of weight by
the square of height. Based on the US Center for Disease Control (CDC) percentiles, childhood overweight
and obesity are considered those in the 85–94 and > 95 percentiles, respectively [3]. Other
anthropometric measures like WC, WHR are also used in estimating central obesity.
BMI will not show distribution of body fat whereas measurement of waist circumference shows central
obesity which is time consuming and may vary by abdominal distension after having food or bowel
dysfunction. Sagittal abdominal circumference and skin fold thickness like triceps/subscapular are
indicators of subcutaneous adiposity. But those measurements may not be possible to bring out during a
hectic day to day practice. And other investigations like DEXA [dual energy x ray absorptiometry], USG,
CT, and MRI are expensive. In primary care practices there is a need for quick and well founded method
for appraising obesity. Comparatively the release of free fatty acids are larger from upper body
subcutaneous fat than that of lower body fat[4], a fat that strengthens the importance of upper body
subcutaneous adipose tissue depot.Neck circumference measurements were pointed as an index of upper
body fat scattering and can be used as a structural and uncomplicated screening measure to indicate over
weight/obesity.The aim of this study is to determine whether neck circumference alone can be used to
identify overweight and obese children. The objective is to find the correlation between neck
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circumference and other markers of obesity like body mass index (BMI), waist/hip ratio (WHR) in
evaluating obesity and also to find a cut off neck circumference to identify children with high BMI.
MATERIAL AND METHODS
Cross-sectional observational study done in Vinayaka Mission’s KirupanandhaVariyar Medical College &
Hospital, Salem for 12 months from october 2019 to october 2020. Children attending paediatricopd were
enrolled in the study.
Inclusion criteria: Children aged between 7 to 16 years.
Exclusion criteria: Thyroid swelling such as goiter, Abnormalities of cervical spine, Cervical
lymphadenopathy, Children with procedures like tracheostomy or use of cervical collar, Children with
cushing syndrome and medication like steroids etc.
Method of Data Collection: Anthropometric markers of obesity measured are body mass index (BMI),
waist circumference (WC), hip circumference (HC), waist-to-hip ratio (WHR) and compared with neck
circumference of the same subjects. Height was measured using a stadiometer, child standing with
barefoot and head held in Frankfurt horizontal plane to the nearest 0.1 cm. Weight was measured by
using a calibrated electronic weighing scale, to the nearest 0.1 kg. BMI was calculated by dividing weight
in kilograms (kg) by the square of their height in meters (kg/m²). WC was measured by using flexible
measuring tape to the nearest 0.1 cm with the child standing, and at the end of normal expiration at a
point midway between the inferior margin of the lowest rib and the iliac crest. Hip circumference (HC)
was measured at the maximum circumference around the buttocks.
WHR was calculated by dividing WC by HC. Neck circumference was measured by using a flexible tape,
with the child in the standing position, head held erect and eyes facing forward and the neck in a
horizontal plane at the level of most prominent portion, the thyroid cartilage.
After calculation, BMI is plotted on the Revised IAP 2015 Growth Charts for BMI (for either girls or boys)
to obtain a percentile ranking. Children were classified into normal, overweight and obese based on BMI
cut off lines as per the Revised IAP 2015 Growth Chart :
Below 23rd AE (Adult Equivalent): No overweight/No obese (between 5th to 84th percentile).

Between 23rd to below 27th AE (Adult Equivalent) : Overweight (between 85th to 94th
percentile).

27th AE (Adult Equivalent) and above: Obese (above 95th percentile).
Statistical analysis: SPSS version 21 software was used for calculations and the results were considered
statistically significant with P ≤ 0.05. Categorical and continuous measurements were computed as
presented in number (%) and Mean ± SD respectively. To study the significance of parameters on a
continuous scale between two groups, two tailed student t-test was used. To study the association
between various anthropometric measurements, Pearson correlation for was used to find the degree of
relationship. The ROC (receiver operating characteristic) curves analyzed the cutoff values of neck
circumference to identify overweight and obesity.
RESULTS
Our study enrolled 413 children out of which 206 were girls and 207 were boys. Mean BMI for girls is
17.54 ± 3.42 and for boys is 17.66 ± 3.04. Mean NC of girls is 29.27 ± 2.39 and that of boys is 29.61 ± 2.36.
In the study population 33 (7.9%) girls and 43 (10.3%) boys were found to be overweight/obese.
TABLE 1: COMPARISION BETWEEN NECK CIRCUMFERENCE AND BMI IN OVER WEIGHT AND OBESE
CHILDREN
BMI STATUS

N

MEAN NC

Std
DEVIATION

173
33

28.605
32.742

1.9340
1.3700

girls

Normal weight
Over weight and
Obese

164
42

28.795
32.833

1.8295
1.1617

boys

Normal weight
Over weight and
Obese

P value
(student t test)

0.0001
0.0001

Mean NC of overweight and obese boys is 32.83 cm ± 1.16 cm
Mean NC of overweight and obese girls is 32.74 cm ± 1.37 cm
Association between Neck circumference and BMI in over weight and obese children is statistically
significant p <0.0001.
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FIGURE 1: Receiver Operating Characteristic (ROC) curve comparing NC and BMI in over weight
and obese GIRLS.

FIGURE 2: Receiver OperatingCharacteristic(ROC)curvecomparingNC and BMI in over weight and
obeseBOYS.

TABLE 2: Asymptomatic 95% Confidence Interval
Asymptomatic95%
Area under the curve Std. Errorª P value Confidence Interval




Lower
Upper
bound
bound
Girls
.959
.014
.0001
.932
.986
Boys
.978
.009
.0001
.961
.995
ROC cut off value of neck circumference in overweight and obese girls is 30.2 cm with Sensitivity
- 97% and Specificity - 80%.
ROC cut off value of neck circumference in over weight and obese boys is 30 cm with Sensitivity 97.6% and Specificity - 79.9%.
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TABLE 3: PEARSON CORRELATION (R) BETWEEN NECK CIRCUMFERENCE AND OTHER
ANTHROPOMETRIC PARAMETERS FOR GIRLS AND BOYS
Correlation coefficient (P value)
BMI and NC
BMI and WHR
WHR and NC
Girls
0.785 (0.0001)
0.716 (0.0001)
0.734 (0.0001)
Boys
0.756 (0.0001)
0.613 (0.0001)
0.694 (0.0001)
Neck circumference showed a strong positive correlation with BMI and WHR in both girlsandboys.
DISCUSSION
In children, obesity has become a considerable general health problem. Many studies have manifested
about the increasing disadvantages of obesity as both long term and short term consequences
[5,6].Renata et al showed association of neck circumference and high blood pressure in children and
adolescents[7].Katz et al had shown that neck to waist ratio, an index of body fat distribution predicts
obstructive sleep apnoea in overweight/obese children[8].Managing obesity in terms of detection,
treatment and early prevention has become a prime concern which needs precised diagnostic measures.
Monitoring and screening accessories must be cheap, easy to handle and in general it must be affordable
by both health practitioners and patients.
A study conducted by MehriTaheri et al. Ahvaz Iran found that neck circumference significantly
correlated with overweight and obesity. In that study 288 (33%) children were less than 10 years and
576 (67%) were more than 10 years. In our study 116 (28%) children were less than 10 years and 297
(72%) were more than 10 years.Vague J, who was the first person to propose that different types of fat
distribution and morphology of body are related with the risk of obesity and used neck skin fold to
evaluate upper body fat distribution[9].Limitations of other methods which are used to monitor obesity
in both adult and children leads the researchers to find some alternate ways for screening this condition,
which include the neck circumference measurement as a new indicator for central obesity[10,11].The
studies conducted at Iran, Turkey and also USA revealed that neck circumference and waist
circumference increases along with the age of the child. Hence those parameters are strongly correlated
with BMI[10,11,12,13].
Studies conducted in adults have shown that neck circumference which can be used as a simple tool for
screening individuals with high BMI, with good reliability. Several other studies have shown relation
between neck circumference with other obesity indices[14].But, in paediatric age group there are limited
studies on measurement of neck circumference as an index of obesity.
A study conducted by Hatipoglu et al. Kayseri, Turkey suggested neck circumference can be used as an
additional measure to screen children with overweight and obesity and also found a positive correlation
between NC, BMI and WC. The cut-off values that showed higher sensitivity and specificity for NC to
detect overweight is 28 -31 cm for girls and 29 - 32.5cm for boys[13]. In our study best cut-off value of
neck circumference by ROC to identify boys with high BMI is 30cm with a sensitivity of (97%) and
specificity of (80%). The same for girls was 30.25 cm with 97% sensitivity and 79% specificity.
The present study had similar results with other studies. In our study the cut off value of neck
circumference to identify children with high BMI is 32.83±1.16 cm and 32.74±1.37 cm in boys and girls
respectively. NC in boys is more than girls. All anthropometric parameters found to be significantly higher
in overweight/obese children with P < 0.001. In this study we concluded that neck circumference
significantly correlated with other indices of obesity and it can be used with great reliability to screen
overweight and obesity in children.
CONCLUSION
In this study we concluded that neck circumference significantly correlated with other indices of obesity
and it can be used with great reliability to screen overweight and obesity in children. Hence neck
circumference can be thus considered as a simple, time saving and inexpensive clinical tool for detection
of over weight and obesity in a busy OPD.
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