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intrOductiOn

Today in the modern era, sedentary lifestyle, industrialization, 
the imbalance between energy intake and expenditure, and 
complex interaction of genetic, physiological, behavioral, 
and environmental factors are continuously expanding the 
problem of increasing weight in the young population, and it 
poses a significant risk for the cardiovascular diseases among 
them.[1‑3] According to the NFHS 5 data, the percentage of 
overweight and obese is 22.9% in male and 24% in female 
participants, and there are notable increases in the burden 
of non‑communicable diseases (NCDs).[4,5] Overweight and 
obesity prevalence in India is increasing more rapidly than 
the world’s average; hence, early diagnosis and prevention 
are essential priorities for which there is a need for accurate 
diagnostic methods.

Although there are many methods such as Dual Energy X‑ray 
Absorption (DEXA), Bioelectrical impedance analysis (BIA), 
Computed tomography (CT), and Magnetic resonance for 

assessing body composition, which can differentiate muscle 
and fat accumulations, and their distribution are available, 
these methods are not commonly employed in a community 
setting as there is radiation exposure, not cost‑effective, and 
need trained experts.[6]

Body mass index (BMI) or the Quetelet index has been 
commonly employed for assessing overweight and obesity in 
the general population but does not represent the actual body 
composition. It does not differentiate muscle mass, fat mass, 
or distribution. Literature show that fat distribution has been 
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implicated in cardiovascular risk rather than general obesity. 
Moreover, the typical Asian Indian phenotype is the “thin‑fat 
Indian,” which means that Asian Indians have greater body 
fat and lesser muscle mass compared to other ethnic groups 
such as Caucasians. Asian Indians have thinner limbs, which 
is suggestive of lesser muscle mass. Despite being thin, they 
are centrally obese, with a higher waist/hip ratio and higher 
subscapular/triceps skinfold ratio.[7] So, using BMI as a 
screening tool for obesity in community settings is inadequate 
and may pose many practical problems such as the calculation 
itself can be cumbersome and the lack of calibrated weighing 
scales.[6] So, other methods such as waist circumference (WC) 
and waist‑to‑hip ratios are used to identify central obesity. 
Several studies have found that WC predicted mortality risk 
better than BMI. Furthermore, WC is extremely sensitive to 
the distribution of body fat and body size and correlates with 
BMI.[8] But it is time‑consuming; measurement varies with 
respiration, and postprandial distension of the abdomen, cannot 
be used in pregnancy. These measures can be challenging in 
conservative populations, especially in female population in a 
community setting, and are culturally sensitive.[9,10]

To prevent obesity and its complications, it is essential to 
have more accessible and more practical alternative tool for 
screening obesity in community settings. Neck circumference, 
devoid of the disadvantages mentioned earlier, is believed to 
be an index of upper body fat distribution and can be a novel 
anthropometric alternative for measuring and classifying obese, 
overweight, and normal weight.[11,12] Neck circumference 
requires minimal expertise, equipment, and skill to measure 
and can be done by a health worker in the community setup. It 
is more culturally acceptable than WC, and most importantly, 
it has the advantage of predicting many cardiometabolic risks 
other than obesity.

Studies evaluating the possible use of NC as an indicator of 
overweight and obesity using modified Asian BMI cut‑off in a 
healthy young population are limited. The purpose of this study 
is to find the association of neck circumference with general 
obesity and central obesity and identify the cut‑off points for 
assessing obesity in young adults using NC.

subjects and methOds

This is a cross‑sectional study on 357 young, healthy adults 
aged 18 and 25 years who consented to participate in the 
study and were recruited by a convenient random sampling 
technique. Subjects with thyroid enlargement, thyroid nodules, 
neck abnormalities, and pregnant women were excluded from 
the study.

Sample size calculation: The sensitivity and specificity of 
the neck circumference to measure overweight and obesity 
was assumed to be 50%. The prevalence of overweight and 
obesity in India was taken as 40% as per a study conducted 
by Venkatrao M.[13] An allowable error of 10% and with 
5% precision was taken at a 95% confidence interval. The 
minimum number of samples required was 357.

This study was approved by the Institutional Research 
Committee and the Institutional Human Ethics committee (IHEC 
No: MGMCRI/IRC/04/2020/32/IHEC/179). The Declaration 
of Helsinki and National Ethical Guidelines for Biomedical 
and Health Research 2017 by the Indian Council of Medical 
Research were followed throughout the study.

Anthropometric measurement
• The study participant’s weight was measured using a digital 

weighing scale (Salter, Kent, England) with accuracy to 
the nearest 100 gm, in minimal clothing, with the subject 
standing in the center of the scale without support and with 
the weight distributed evenly on both feet.

• Height was measured by a calibrated stadiometer on hard 
and level ground with the subject standing upright with 
feet together, the back in contact with the stadiometer, 
and the head in the Frankfort plane.

• A non‑stretchable tape was used for measuring WC at the 
midpoint between the lower costal (10th rib) border and 
the iliac crest at the end of a gentle, normal expiration 
with abdomen muscles relaxed with the subject standing 
and with forearms crossed over the thorax.

• Hip circumference was measured at the widest portion of 
the buttocks with the subject standing and forearms crossed 
over the thorax, gluteal muscles relaxed, and feet together.

NC was measured at the mid‑cervical spine and mid‑anterior 
neck level in a standing position with the arms hanging freely. 
For male participants with a laryngeal prominence, NC was 
measured just below the prominence.

All measurements were done as per the International 
Society for the Advancement of Kinanthropometry (ISAK) 
recommendation.

Asian BMI criterion was considered the standard for defining 
overweight and obesity. A BMI of 18.5 to 22.99 kg/m2 was 
considered normal. A BMI of 23–24.99 kg/m2 was categorized 
as overweight, and BMI more than or equal to 25 kg/m2 was 
defined as obese.[14] Central obesity was defined by Asian 
cut‑off points of WC ≥90 cm in male and ≥80 cm in female 
participants.[15]

Statistical analyses were done using SPSS 17.0 (IBM Corp., 
Armonk, NY, USA) software. The Shapiro–Wilk test was 
done to check for data normality. All normally distributed data 
were represented as mean and standard deviation. Pearson 
correlation coefficient was done to find the association between 
NC and other anthropometric parameters. Linear regression 
was done to find the effect of NC on BMI and WC; Receiver 
operating characteristic (ROC) analysis was used to determine 
the gender‑specific optimal cut‑off value for NC to identify 
obesity and to determine the sensitivity and specificity. P‑value 
of <0.05 was considered statistically significant.

results

In this study, 357 (48% male and 52% female participants) 
young, healthy Indian adults between 18 and 25 years 
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participated. Table 1 provides the baseline characteristics 
of the study population. Male participants were heavier and 
taller than female participants. Age and BMI were comparable 
between male and female participants. WC was higher in male 
participants, but HC and WHR were not statistically different. 
NC was lesser in female compared to male participants.

Table 2 shows the BMI category of the study population which 
shows that 50.7% of the study population was obese.

Table 3 shows the positive correlation of weight, height, BMI, 
WC, and waist‑hip ratio with neck circumference and revealed 
a positive correlation with all variables except waist‑hip ratio 
in female participants and height in both genders.

Linear regression analysis shows a significant positive 
association of neck circumference with BMI, a measure of 
general obesity, and WC, a measure of central obesity in both 
male and female participants, as shown in Table 4.

ROC analysis was done separately for male and female 
participants. The area under the curve for male and female 
participants of NC with BMI was 0.891 (0.880‑0.913) and 
0.812 (0.743‑0.881), and WC was 0.866 (0.814–0.918) and 
0.900 (0.856–0.945), respectively [Figures 1 and 2]. So, neck 
circumference can be used to evaluate obesity in both male 
and female participants. We found the best cut‑off for male 
and female participants to be 34 cm and 30.5 cm, respectively. 
Furthermore, using these cut‑offs, we found that the sensitivity 
and specificity for male participants are depicted in Table 5, 
and for female participants are depicted in Table 6.

Neck circumference was found to have a good discriminatory 
power to predict obesity as per modified Asian criteria of BMI 
classification on ROC analysis.

discussiOn

Neck circumference (NC) has been validated to be a simple 
measure of upper body subcutaneous fat deposition and a 
predictor of cardiovascular risk factors. Our study shows a 
positive association of NC with BMI, an indicator of general 
obesity, and WC, an indicator of central obesity; the upper body 
distribution of fat, especially with increased visceral adipose 
tissue, is considered to have an independent role in predicting 
cardiometabolic conditions.

In healthy individuals, after puberty, any change in the neck 
circumference is due to the accumulation of fat mass in the soft 
tissue space, which is present surrounding the vertebral column 
and cartilages of the upper part of the respiratory tract.[16] An 
increased upper‑body fat has been associated with adverse 
metabolic complications and correlates positively with changes 
in systolic and diastolic blood pressure and type II diabetes 
mellitus with an increase in insulin resistance.[17]

Although limited studies that evaluated NC values in 
young adults exist, it is not utilized widely due to the lack 
of proper evidence to support the use of NC as a screening 
tool. Our results are in concordance with studies conducted 

by Hingorjo et al.[18] in 150 Pakistani dental students, which 
demonstrated significant gender differences with regard to NC 
values and showed a positive association between NC with 
BMI (male r = 0.861, female r = 0.703) and WC (male r = 0.861, 
female r = 0.703) in both genders; similarly Zaciragic et al.,[19] 
also in young adults, demonstrated a positive association of 
NC with BMI (male r = 0.70, female r = 0.53) and WC (male 
r = 0.48, female r = 0. 38), respectively. In a study by Özkaya 

Table 1: Characteristics of the study population

Parameter Male 
(n=170)

Female 
(n=187)

P

Age (year) 21.14±2.3 20.95±2.4 0.447
Height (cm) 171±13.81 158.2±6.1* <0.01
Weight (kg) 75.55±12.9 63.14±13.07* <0.01
#BMI (kg/m2) 25.85±4.3 25.4±5.1 0.410
Waist circumference (cm) 85.3±11.1 80.57±11.4* <0.01
Hip circumference (cm) 100.6±8.7 99.1±13.5 0.233
Waist‑Hip ratio 0.84±0.06 0.79±0.06 0.225
Neck circumference (cm) 35.4±3.2 30.4±2.23* <0.01
#BMI ‑ Body Mass Index, *Statistically significant

Table 4: Linear regression analysis evaluating neck 
circumference association with general and central obesity

Parameter R2 β-coefficient P
Male

#BMI 0.579 0.761 <0.01*
Waist circumference 0.554 0.744 <0.01*

Female
#BMI 0.523 0.725 <0.01*
Waist circumference 0.721 0.849 <0.01*

#BMI ‑ Body Mass Index, *Statistically significant.

Table 2: Body Mass index category of the study population

BMI 
category

Male (170) Female (187)

Frequency 
(n)

Proportion 
(%)

Frequency 
(n)

Proportion 
(%)

Normal 54 31.8% 73 39%
Overweight 19 11.2% 30 16%
Obese 97 57% 84 45%
#BMI ‑ Body Mass Index

Table 3: Association between neck circumference and 
other anthropometric indices

Anthropometric 
measures

Male Female

r P r P
Weight (Kg) 0.734 <0.01* 0.711 <0.01*
Height (Cm) 0.005 0.997 0.000 0.997
#BMI (Kg/m2) 0.761 <0.01* 0.725 <0.01*
Waist circumference (cm) 0.744 <0.01* 0.849 <0.01*
Hip circumference (cm) 0.661 <0.01* 0.582 <0.01*
Waist Hip ratio 0.445 <0.01* 0.139 0.58
#BMI=Body Mass Index, *Statistically significant
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et al.[20] in university students reported a positive association 
between NC with BMI (male r = 0.684, female r = 0.482) and 
WC (male r = 0.686, female r = 0.479) in both genders. Similar 
results in our study compared to other studies may be due to 
similarity in the study participants as they are all young adults.

The present study infers that neck circumference correlates 
with weight, BMI, WC, and hip circumference. Based on ROC 
curve analysis, it can be interpreted that neck circumference 
is a fair test to evaluate general obesity and central obesity in 
young adults of both genders. Furthermore, many have reported 
different population‑specific cut‑offs to assess the prevalence 
of excess adiposity using NC. Such differences in cut‑off 
estimation could be attributed to different diagnostic standards 
and population variations. In a study by Hingorjo et al.[18] in 
150 Pakistani dental students aged between 18 and 20 years, 
a similar cut‑off of NC >35.7 cm (in men) and >32.2 cm (in 
women) was reported to assess overweight/obesity prevalence 
among Asian‑origin adults. Patnaik et al.[21] in adolescent boys 
and girls had a cut‑off value of 30.75 (sensitivity 79.2% and 
specificity 68%) and 29.75 (sensitivity 72.5% and specificity 
77.1%). Verma et al.[9] in adults aged 20 and 60 years had a 

cut‑off value of >37 cm (sensitivity 63.2% and specificity 
84.8%) and 34 cm (sensitivity 66.9% and specificity 86.6%) 
in male and female participants, respectively. Aswathappa 
et al.[22] in adults between 18 and 65 years had a cut‑off of 
NC >36 cm (sensitivity 71.2% and specificity 80.6%) in male 
and >32 cm (sensitivity 63.9% and specificity 68%) in female 
participants.

In addition to its association with general and central 
obesity, NC is also associated with metabolic syndrome, 
cardiometabolic risk, obstructive sleep apnea, and perioperative 
adverse respiratory events, a feature that increases its potential 
application to the identification of other chronic NCDs.[23‑25]

Measuring neck circumference is a socially acceptable, 
time‑saving, and less cumbersome method to screen for obesity 
compared to measuring WC or BMI. From a financial point of 
view, it is a very cost‑effective method. Thus, this method can be 
used in a developing country like India, facing a double burden of 
nutrition transition; neck circumference will be a feasible method 
to screen for obesity in adults. Our study has the advantage that 
we categorized the subjects based on Asian BMI criteria.

Table 5: Comparison between neck circumference and BMI in male participants

Males Obese (NC ≥34 cm) Non-Obese (NC <34 cm) Total Sensitivity and 
specificity

Obese (BMI ≥23 kg/m2) 99 17 116 Sensitivity=88.3%
Non‑obese (BMI <23 kg/m2) 13 41 54 Specificity=70.6%
Total 112 58 170
BMI ‑ Body Mass Index, NC ‑ Neck Circumference

Table 6: Comparison between neck circumference and BMI in female participants

Females Obese (NC ≥30.5 cm) Non-Obese (NC <30.5 cm) Total Sensitivity and 
specificity

Obese (BMI ≥23 kg/m2) 92 22 114 Sensitivity=84.4%
Nonobese BMI <23 kg/m2) 17 56 73 Specificity=71.7%
Total 109 78 187
BMI=Body Mass Index, NC=Neck Circumference

Figure 1: Receiver operating characteristic analysis for male participants. Figure 2: Receiver operating characteristic analysis for female 
participants.
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Limitations
The cross‑sectional design of the study limits the causality of 
association. The study population is only young adults, so we 
cannot generalize the result to all populations.

In future studies, the association of neck circumference with 
radiological‑determined fat distribution and blood parameters 
is recommended.

cOnclusiOn

Neck circumference positively correlates with BMI, a measure 
of general obesity, and WC, a measure of central obesity. The 
cut‑off of 34 cm in male and 30.5 cm in female participants 
will help screen the young adult population of Asian Indian 
origin. The sensitivity of this screening test for this cut‑off 
was 88.39% in male and 84.4% in female participants, with a 
specificity of 70.6% in male and 71.7% in female participants. 
Neck circumference can be used as a screening tool in the 
community setting.
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