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Abstract

Introduction: Obesity is a major risk factor for most of cardiovascular diseases. There are various methods of
screening overweight — obesity like body mass index (BMI), waist circumference (WC), waist hip ratio (WHR).
These may be difficult or less acceptable in community and outpatient settings. Neck circumference
measurement appears to offer a more consistent alternative for assessing overweight and obesity.

Objectives: To demonstrate neck circumference’s reliability as an indicator for measuring obesity compared to
BMI and to determine the optimal cut-off values for overweight and obesity in young adults using neck
circumference.

Methodology: This is a cross-sectional study conducted from Feb to Aug 2024 among medical students aged
over 18 years from all batches (1%, 2™, 3™, and final MBBS) at a tertiary care teaching hospital in Central
Karnataka, South India. Anthropometric measurements like height, weight and neck circumference (NC) were
done following standard guidelines. Data was analysed using Statistical Package for the Social Sciences (SPSS)
Version 10.0. Sex stratified receiver operating curves (ROC) were plotted for NC to identify the best cut-offs for
overweight-obesity with respect to the Asian Pacific WHO classification for BMI. The area under the curves
(AUC) with 95% confidence intervals along with cut-offs points with sensitivity and specificity were
determined.

Results: The mean BMI for males and females was 22.334 + 4.59 and 24.24 + 4.12 kg/ m2. The mean neck
circumference was 31.85 + 4.7 and 36.17 + 2.34 cm for males and females respectively. The Area under the
Curve for males and females was 0.775 and 0.848 indicating a high predictive value of neck circumference for
identifying overweight/obesity. The NC cut-off was 36.25 cm (sensitivity: 85%; specificity: 73%) and 31.55 cm
for females (sensitivity: 82.7%; specificity: 70.1%) to detect overweight/obesity.

Conclusion: Neck circumference can be considered as the most preferred anthropometric measurement for
screening overweight — obesity with good sensitivity and specificity.
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Introduction

Obesity has emerged as a significant global public
health threat, with its prevalence rising since the
onset of the 21Ist century. [1] According to the
National Family Health Survey-4 (NFHS-4, 2015-
16), 19% of men and 21% of women in India were
overweight. These numbers increased to 22.9% in
men and 24% in women by the time of the National
Family Health Survey-5 (NFHS-5, 2019-21). [2]
This data, based on body mass index (BMI) cutoffs
provided by the World Health Organization, is
limited as it doesn't differentiate between fat mass
and muscle mass. [3] Obesity in young adults is the
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strongest predisposing factor for many diseases like
cardiovascular  disecases, Type 2 diabetes,
Hypertension, Metabolic syndrome etc. [4,5]
Screening for obesity can be effectively done using
methods like Bioimpedance Analysis (BIA) and
Dual-Energy X-ray Absorptiometry (DEXA) scans
to determine body fat and composition, these
methods are often impractical due to their high
cost, time-consuming nature, and lack of
availability in primary care settings. [6,7,8] More
accessible methods for measuring obesity include
various anthropometric measures like BMI, waist
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circumference (WC), and waist-to-hip ratio
(WHR). A more intricate method involves
measuring the subcutaneous fat layer thickness at
specific sites to estimate body fat percentage,
especially in individuals like athletes and gym
trainers, where muscle mass outweighs body fat.
[9] However, these methods can be inconvenient
and uncomfortable, requiring individuals to expose
certain body parts, such as the abdomen, when
measuring  WC. [6] Neck circumference
measurement appears to offer a more consistent
alternative for assessing overweight and obesity. It
shows a good correlation with age, weight, and
other anthropometric measurements like BMI,
waist circumference, and hip circumference in both
males and females. [10] However, there are
currently no universally established cut-off values
for neck circumference to screen for overweight
and obesity. Therefore, the current study was
conducted with the following objectives:

1. To demonstrate neck  circumference's
reliability as an indicator for measuring obesity
compared to BMI.

2. To determine the optimal cut-off values for
overweight and obesity in young adults using
neck circumference.

Materials and Methods

A cross-sectional study was conducted from Feb to
Aug 2024 among medical students aged over 18
years from all batches (1st, 2nd, 3rd, and final
MBBS) at a tertiary care teaching hospital in
Central Karnataka, South India. Ethical clearance
was obtained from the Institutional Ethics
Committee prior to the study. The study population
included students enrolled in our medical college
who were available during the study period (n =
545). The purpose of the study was explained to the
participants, and verbal consent was obtained
before their enrollment. Exclusion criteria included
participants with neck swelling due to any reason
such as thyroid disorders or lymphadenopathy, and
those unable to stand, which would prevent the
accurate measurement of height and various
circumferences.

Anthropometric measurements included height,
weight, waist circumference (WC), and neck

circumference (NC), following standard guidelines.
12

Neck circumference was measured using a non-
stretchable plastic tape at the midway point of the
neck, between the mid-cervical spine and mid-
anterior neck, with 1 mm precision. For men with a
laryngeal prominence (Adam's apple), the
measurement was taken just below the prominence.

Waist circumference was measured with secured
privacy and over clothing at the level of the
midpoint between the top of the iliac crest and the
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lower margin of the last palpable rib in the mid-
axillary line. A non-stretchable tape was wrapped
snugly around the subject without constriction. The
circumference was recorded to the nearest 0.1 cm at
the end of normal expiration.

Body mass index (BMI) was calculated using
height and weight measurements. Height was
recorded to the nearest 0.1 cm using a stadiometer.
Participants stood barefoot on a flat surface with
weight evenly distributed on both feet, heels
together, and head positioned so that the line of
vision was perpendicular to the body (Frankfurt
line). The arms hung freely by the sides, and the
head, back, buttocks, and heels were in contact
with the vertical board.

Weight was measured in kilograms using a
standardized  bathroom  weighing  machine.
Participants stood erect on the center of the
platform, with body weight evenly distributed
between both feet, wearing light clothing, and
looking straight ahead. Weight was recorded to the
nearest 0.5 kg.

Statistical Analysis: Data was entered into
Microsoft excel sheet and analysed using SPSS
version 21 software. Statistical tests like
percentages, measures of central tendency,
measures of dispersion and inferential statistical
tests like chi-square test were used. Receiver
operating curves (ROC) was employed to
determine optimal sex specific cutoffs of NC in
relation to BMI. The statistical significance was
evaluated at 95% confidence level (p < 0.05).

Results

A total of 545 students are enrolled in the study, of
which 296 (54.31%) are males and 249 (45.68%)
are females. The anthropometric measurements of
the participants with respect to gender is described
in table 1 and 2. The anthropometric indicators
reveal notable differences between male and female
participants. Among the 545 individuals assessed,
the mean Body Mass Index (BMI) was higher in
females (24.242 + 4.1234 kg/m?) compared to
males (22.334 + 4.5967 kg/m?), suggesting a higher
average body weight relative to height in females.
Similarly, neck circumference (NC) was
significantly larger in females (36.169 + 2.3370
cm) than in males (31.854 + 4.7025 cm), indicating
potential variations in fat distribution patterns
between genders. (Table 1).

A significantly higher percentage of females
(21.3%) fell within the underweight category (BMI
< 18.5) compared to males (2.0%). In the normal
weight range (18.5-22.99), the distribution was
relatively similar between genders, with 39.5% of
females and 36.9% of males. However, males
exhibited a higher prevalence in the overweight
(23-24.99) and obese (>25) categories, with 22.9%
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and 38.2% respectively, compared to females at
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13.9% and 25.3%. (Table 2)

Table-1: Mean BMI and NC of study subjects (n=545).

Anthropometric Indicators | Male — 296 (54.31%) Female — 249 (45.68 %)
Mean Std. Dev Mean Std. Dev
BMI (weight/m?) 22.334 4.5967 24.242 4.1234
NC (cm) 31.854 4.7025 36.169 2.3370
Table 2: Sex wise distribution of study subjects according to BMI
BMI Female Male
<18.5 63 (21.3%) 5 (2.0%)
18.5-22.99 117 (39.5%) 92 (36.9%)
23-24.99 41 (13.9%) 57 (22.9%)
>25 75 (25.3%) 95 (38.2%)
Table 3 and Fig 1 details the diagnostic still ~ significant (AUC=0.775, p<0.001), the

performance of neck circumference in predicting a
specific condition, separated by sex.

For females, neck circumference shows strong
predictive ability (AUC=0.848, p<0.001), with an
optimal cutoff of 31.550 cm, achieving 82.7%
sensitivity and 70.1% specificity. In males, while

predictive power is slightly lower, with a cutoff of
36.250 cm, yielding 66.3% sensitivity and 77.9%
specificity.

Essentially, neck circumference is a useful
indicator for the condition in both sexes, but
performs better in females.

Table 3: Cutoff, Sensitivity and specificity of NC to screen for overweight and abdominal obesity.

Sex Area | pvalue | Asymptotic 95% CI Neck circumference
Lower bound Upper bound Cut off | Sensitivity Specificity
Female | 0.848 | 0.000 0.798 0.899 31.550 0.827 0.701
Male 0.775 | 0.000 0.714 0.837 36.250 0.663 0.779
ROC Curve ROC Curve
‘o Sex: Female Soic: Mils
g 064 g 064
1 - Specificity ' 1- SpeciﬂcI;y
Diagonal segments are produced by ties Diagonal segments are produced by ties
Figure 1: Reciever operating curves (ROC) to determine optimum cut offs for Neck circumference to
screen for overweight and abdominal obesity.

Discussion 70.1%) to identify individuals with BMI > 25

This study demonstrates a significant correlation
between neck circumference (NC) and Body Mass
Index (BMI) in both male and female participants,
suggesting NC's potential as a practical screening
tool for overweight and obesity in adolescents. Our
findings indicate optimal NC cutoffs of 36.2 cm for
males (sensitivity 66.3%, specificity 77.9%) and
31.5 cm for females (sensitivity 82.7%, specificity
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kg/m?>. However, the observed sex-specific
differences and the moderate sensitivity in males
warrant further discussion.

It's crucial to acknowledge that optimal NC cutoff
values exhibit regional variability. For instance,
studies conducted in Bangladesh reported lower
cutoffs (NC >34.75 cm for men, NC >31.75 cm for
women for overweight)12, potentially attributable
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to differences in participant demographics, such as
younger mean age and lower average BMI and
waist circumference compared to our study
population. Conversely, research from Saudi
Arabia identified higher NC cutoffs 10,
highlighting the influence of ethnic and population-
specific factors. Similarly, Israeli research found
even higher cutoffs for identifying those with BMI
>25.0 kg/m2 (NC >37 cm for men and >34 cm for
women), reinforcing the need for population-
specific thresholds. [7] The observed discrepancy
in sensitivity and specificity, particularly the lower

sensitivity in  males, necessitates careful
interpretation. While NC demonstrates good
specificity, effectively identifying individuals

without obesity, its ability to detect all individuals
with obesity (sensitivity) is limited in males. This
suggests that NC might be more reliable in
confirming the absence of obesity than in
definitively identifying its presence in male
adolescents.

Limitations: The relatively small sample size,
drawn from a specific group, restricts the
generalizability of our findings to the broader
adolescent population. Furthermore, the absence of
age-stratified cutoff values limits the applicability
of our results across the entire adolescent age
range.

Conclusion

Present study showed that NC can be considered as
most reliable anthropometric indicator for
screening of overweight and obesity compared to
BMI. Proposed cutoffs for NC as a screening tool
from this study are 32.6 cm (sensitivity of 66.3%;
specificity of 77.9%) in men and 31.5 cm
(sensitivity of 82.7%; specificity of 70.1%) in
women. There is obvious need of more research in
large representative sample size in vast country like
India to evaluate regional variations.

Recommendation: This study underscores the
practicality and ease of NC measurement as a
potential screening tool for overweight and obesity
in adolescents. However, the influence of regional
variations and the need for improved sensitivity in
males necessitate further research with larger, more
diverse populations to establish robust, age- and
sex-specific NC cutoff values. Future studies
should also consider incorporating other
anthropometric measures and clinical markers to
enhance the accuracy of obesity screening in
adolescents.
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