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ABSTRACT

Background: Obesity is a global health concern characterized by excessive fat accumulation, posing signifi-
cant health risks that affect all age groups. Particularly among young adults, including medical students, obesi-
ty can lead to physical and psychosocial consequences, emphasizing the need for effective screening. The study
was conducted to evaluate the effectiveness of using neck circumference as a screening tool for detecting obe-
sity among young adults by assessing its correlation with other anthropometric measurements and determin-
ing the appropriate cut-off points

Methodology: A cross-sectional study was conducted among 146 medical students at the Apollo Institute of
Medical Sciences and Research, Chittoor, Andhra Pradesh. Data were collected using a semi-structured ques-
tionnaire and various anthropometric measurements, including neck circumference.

Results: Neck circumference was higher among males, with a mean of 34.4+2.1cm for males and 30.2+1.9cm
for females. Neck circumference showed significant positive correlations with height, weight, Body Mass In-
dex, waist-hip ratio, hip and waist circumference. Neck circumference is proposed as a screening tool for as-
sessing obesity among young adults, with cut-off values of 34cm for males and 30cm for females.

Conclusions: Neck circumference is an effective screening tool for obesity among young adults, correlating
with conventional anthropometric measures.

Keywords: Anthropometry, Body Mass Index, Medical students, Neck circumference

ARTICLE INFO

Financial Support: None declared

Conflict of Interest: None declared

Received: 29-06-2024, Accepted: 02-09-2024, Published: 01-10-2024

*Correspondence: Dr. Anu Priya Mathew Chirakkara (Email: anupriyacmathew1994@gmail.com)

How to cite this article: Sriramappa MH, Lokanath H, Gunaseelan JKM, Chittem SD, Chirakkara APM, Reddy TL. Neck Cir-
cumference: A Novel Anthropometric Tool for Screening Obesity Among Young Adults. Natl ] Community Med
2024;15(10):806-811. DOI: 10.55489/njcm.151020244412

Copy Right: The Authors retain the copyrights of this article, with first publication rights granted to Medsci Publications.

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Share Alike
(CC BY-SA) 4.0 License, which allows others to remix, adapt, and build upon the work commercially, as long as appropriate
credit is given, and the new creations are licensed under the identical terms.

www.njcmindia.com |pISSN: 0976-3325 | elSSN: 2229-6816 | Published by Medsci Publications

@2024 National Journal of Community Medicine | Volume 15 | Issue 10 | October 2024 Page 806




INTRODUCTION

Obesity is recognized as an escalating global epidem-
ic. The World Health Organization (WHO) defines
overweight and obesity as the excessive or abnormal
accumulation of fat, which poses substantial health
risks. The WHO classifies adults with a body mass in-
dex (BMI) over 25 as overweight, and those with a
BMI over 30 as obese for the global population.! In
2022, among the 2.5 billion adults aged 18 and older
who were overweight, over 890 million were classi-
fied as obese. This indicates that 1 in 8 people
worldwide was affected by obesity.2 The prevalence
of overweight or obesity in India increased from
18.9% to 22.9% in men and from 20.6% to 24% in
women as per fourth and fifth rounds of the National
Family Health Survey (NFHS).3

Obesity is a multifaceted issue with significant physi-
cal, psychosocial implications, affecting people across
all ages and socioeconomic statuses. It significantly
increases the risk of non-communicable diseases like
stroke, diabetes mellitus, hypertension, cardiovascu-
lar diseases, and various cancers. The health impacts
include a heightened risk of early mortality and mor-
bidity that can drastically diminish quality of life.!

Various anthropometric measurements are used
worldwide to determine obesity. Body mass index
(BMI) has frequently been used to analyse obesity in
the general population; however, it cannot determine
body fat distribution or distinguish between muscle
and body fat mass.* Measuring waist circumference
has limitations due to its time-consuming nature, cul-
tural acceptability, and the need to uncover parts of
the body. Additionally, waist circumference can be in-
fluenced by factors such as pregnancy, postprandial
distension of the abdomen, and respiration.5 Neck cir-
cumference (NC) offers several practical advantages
due to its simplicity, time efficiency, and non-invasive
nature. NC does not require uncovering the body,
making it more culturally acceptable and easier to
measure consistently across diverse populations par-
ticularly among females. It is also less affected by
temporary conditions such as bloating, fluid reten-
tion, or recent food intake, providing a more stable
and reliable indicator of adiposity. NC is also useful
for special populations, such as those who are preg-
nant or have undergone abdominal surgery, where
other measurements may be difficult to perform. It is
especially beneficial in resource-limited settings and
in clinical settings where quick and accurate assess-
ments are essential.

Given these limitations, there is a need for more ac-
ceptable and reliable indicators for assessing obesity.
Researches have highlighted neck circumference
(NC) as a novel screening tool for measuring obesi-
ty.>7 Neck circumference also serves as an indicator
of upper body fat distribution.?# The Framingham
Heart Study found that neck circumference, a marker
of upper-body subcutaneous fat, is linked to cardi-
ometabolic risk independently of visceral adipose tis-
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sue (VAT) and Body Mass Index (BMI).? There is a
positive correlation between neck circumference and
metabolic risk factors, establishing it as an independ-
ent determinant for cardiometabolic syndrome.1° Ad-
ditionally, there is a positive correlation between
neck circumference and other indicators like BMI,
waist-to-hip ratio (WHR) and waist circumference
(WC).11 Given its non-invasive and cost-effective na-
ture, neck circumference measurement holds signifi-
cant potential for widespread use in various popula-
tions.

Obesity in young adults can have profound adverse
effects on their lives. Medical undergraduate students
are particularly prone to obesity due to sedentary
lifestyles and erratic eating habits, which increase the
risk of obesity-related health issues. Academically,
young adults with obesity often experience dimin-
ished performance, potentially due to factors such as
reduced physical activity, social stigma, and related
psychological issues like depression and anxiety. Fur-
thermore, the social stigma associated with obesity
can result in lower self-esteem and social isolation,
exacerbating mental health issues and hindering per-
sonal and professional development.l? Thus, early
screening for obesity is essential. Thus, this study
seeks to evaluate the effectiveness of neck circumfer-
ence as a novel screening method for detecting obesi-
ty among young adults.

Objectives

To evaluate the effectiveness of using neck circum-
ference as a screening tool for detecting obesity
among young adults by assessing its correlation with
other anthropometric measurements and determin-
ing the appropriate cut-off points.

METHODOLOGY

Study design and setting: From September to Octo-
ber 2023, a cross-sectional study was carried out
among the medical undergraduate students at Apollo
Institute of Medical Sciences and Research in Chit-
toor, Andhra Pradesh, including those from all four
academic years who provided written informed con-
sent, while excluding individuals with thyroid en-
largement or neck abnormalities.

Sample size estimation and sampling method:
Based on a prior study by Raju A et al.,* which found
an 84.4% sensitivity of neck circumference for as-
sessing obesity in young adult females, sample size
was determined to be 146. This calculation was based
on a 95% confidence level, 80% power, and 6% abso-
lute precision. Students were chosen through simple
random sampling using a random number generator.

Data Collection Method: Data were gathered using a
semi-structured questionnaire that had been pre-
tested and validated, which included details regard-
ing socio-demographic data and anthropometric
measurements. Anthropometric measurements such
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as neck circumference, hip circumference, waist cir-
cumference, waist-hip ratio, weight, height, and BM],
were assessed. Anthropometric measurements were
conducted in a dedicated room to ensure privacy. The
collected data were kept confidential.

Assessment tool: Height was recorded with a stadi-
ometer, accurate to the nearest 10 mm, while weight
was measured using an analogue weighing scale with
0.1 kg precision.!3> Body mass index (BMI) was de-
termined by dividing weight (kg) by the square of
height (m?). Waist and hip circumferences were
gauged with a measuring tape, precise to 0.1 cm, and
the waist-to-hip ratio was computed.!* Neck circum-
ference was assessed at the midpoint of the cervical
spine and the midpoint of the anterior neck while the
participant stood with arms relaxed, using a non-
stretchable plastic tape. For men with a laryngeal
prominence, the measurement was taken just below
it.1* All observations were recorded in the study
proforma.

Statistical methods: The collected data after enter-
ing into Excel was analysed with SPSS version 26. De-
scriptive statistics were presented as percentages
and mean/standard deviations. The Pearson correla-
tion coefficient (r) was used to assess the relationship
between neck circumference and various anthropo-
metric measurements. Receiver operating character-
istic (ROC) analysis was conducted to determine the
cutoff values for classifying obesity versus non-
obesity. Diagnostic accuracy was evaluated, and a p-
value of less than 0.05 was deemed statistically sig-
nificant.

Ethical considerations: Approval for the study was
granted by the Institutional Ethics Committee
[UG/22/1IEC/AIMSR/2023]. Participants meeting eli-
gibility criteria were enrolled after taking written in-
formed consent.

RESULTS

Socio-Demographic Characteristics of the Partici-
pants: Among the 146 participants, 72 (49.32%)
were males, and 74 (50.68%) were females. The av-
erage age of the study subjects was 20.0+ 1.0 years.
The average age for male participants was 21.1 + 1.0
years, whereas for female participants, it was 20.0 *
1.0 years. The participants were predominantly Hin-
du, with 128 (87.67%), followed by 13 Muslims
(8.90%) and 5 Christians (3.42%).

Anthropometric Measurements of Participants
Based on Gender: The anthropometric indicators
like neck circumference, height, weight, BMI, hip cir-
cumference, waist circumference, and waist-hip ratio
were evaluated. The mean neck circumference was
34.4 + 2.1 cm for males and 30.2 + 1.9 cm for females.
All  anthropometric measurements were higher
among male participants compared to female partici-
pants. [Table 1]
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Table 1: Anthropometric Measurements of Par-
ticipants Based on Gender

Anthropometric Male (n=72) Female (n=74)
Measurements Mean * SD* Mean + SD*
Height (cm) 173 +£13.8 157.2+6.1
Weight (Kg) 7755+129 64.14+13.07
BMI (Kg/m?2) 2585+43 244+5.1
Waist circumference (cm) 100.6+8.7  99.1+13.5

Hip circumference (cm) 873+11.1 8257+114
Waist Hip ratio 0.84+0.06 0.79+0.06
Neck circumference (cm) 34.4 +2.1 30.2+19

*SD -Standard deviation

Table 2: Distribution of BMI Categories of
Participants Based on Gender

Male Female
(n=72) (%) (n=74) (%)

BMI Category*

Underweight (< 18.5 Kg/m?2)

Normal (18.5 to 22.99 Kg/m?2)
Overweight (23-24.99 Kg/m2) 12 (16.67%) 12 (16.21%)
Obese I and II (> 25 Kg/m?) 35 (48.61%) 34 (45.95%)

7(9.72%) 12 (16.22%)
18 (25%) 16 (21.62%)

*Categorised based on the WHO BMI classification for Asian adult
population!s

Table 3: Association between the Neck Circum-
ference and various Anthropometric Measure-
ments

Anthropometric Male Female
Measurements r p r* p
Height (cm) 0.486 0.01* 0.427 0.02*
Weight (Kg) 0.724 <0.01* 0.711 <0.01*
BMI (Kg/m?2) 0.761 <0.01* 0.735 <0.01*
Hip circumference(cm) 0.774 <0.01* 0.849 <0.01*
Waist circumference (cm) 0.681 <0.01* 0.582 <0.01*
Waist Hip ratio 0.425 <0.01* 0.339 0.01*

*p-value <0.05, considered as statistically significant.
**r- Pearson’s correlation coefficient

Distribution of BMI Categories of Participants
Based on Gender: The participants were catego-
rized based on the WHO BMI classification for Asian
adult population.!> The prevalence of obesity was 35
(48.61%) among male participants and 34 (45.95%)
among female participants. [Table 2]

Association between Neck Circumference and
Other Anthropometric Measurements: Pearson
correlation coefficients were calculated between neck
circumference and other anthropometric measure-
ments, stratified by gender. Neck circumference was
positively correlated with weight, height, BMI, waist-
hip ratio, hip circumference, and waist circumference
in both genders, with all relationships being statisti-
cally significant (p <0.05). The correlation coefficients
between neck circumference and hip circumference
were the highest for both males (r=0.774) and fe-
males (r=0.849), and these associations were statisti-
cally significant (p<0.01) in both genders. [Table 3]
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Figure 2: ROC Curve among Female study participants

Table 4: Relationship between Neck Circumference and BMI among Male study participants

Males Obese (NC=234cm) Non-Obese (NC<34cm) Total Sensitivity & Specificity
Obese (BMI = 25 kg/m?) 25 (48.08%) 12 (60%) 37 Sensitivity= 77.3%
Non-obese (BMI < 24.9 Kg/m?2) 27 (51.92%) 8 (40%) 35 Specificity = 69.6%

Total 52 (100%) 20 (100%) 72

Table 5: Relationship between neck circumference and BMI in Female study participants

Females Obese (NC 230cm) Non-Obese (NC <30cm) Total Sensitivity & Specificity
Obese (BMI 2 25 Kg/m?2) 28 (50.91%) 6 (30%) 34  Sensitivity =75.4%
Non-obese (BMI < 24.9 Kg/m?) 27 (49.09%) 14 (70%) 40  Specificity =71.7%

Total 55 (100%) 20 (100%) 74
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Area under Receiver Operating Characteristic (ROC)
curve of neck circumference against BMI was 0.707
(0.584-0.830) for males and 0.729 (0.611-0.847) for
females. The analysis was performed using a BMI
cutoff of = 25 Kg/m?2. Before plotting ROC curve of
neck circumference against waist circumference
(WC), WC was categorized into 2 groups as normal
(<90cms in males & <80cms in females) and abnor-
mal (> 90cms in males & > 80cms in females) waist
circumference as per gender specific - Asian cut-off
points for adults.!> Considering NC as test variable
which is a continuous variable and WC as a categori-
cal variable (normal and abnormal), ROC curve was
plotted for males and females separately. The AUC
for neck circumference against waist circumference
was 0.744 (0.630-0.858) for males and 0.844 (0.756-
0.933) for females. [Figures 1 and 2].

The best cut-off for males was 34 cm, with a sensitivi-
ty of 77.3% and a specificity of 69.6%. [Table 4] For
females, the best cut-off was 30 cm, with a sensitivity
of 75.4% and specificity of 71.7%. [Table 5] These
ROC curves indicate that neck circumference is a via-
ble measure for assessing obesity in males and fe-
males.

DISCUSSION

In this study, the average neck circumference was
34.4 + 2.1 cm for male participants and 30.2 + 1.9 cm
for female participants. These findings are consistent
with previous studies,*1117 Consistent with prior re-
search, males exhibited higher mean values across all
anthropometric measurements compared to fe-
malesi118 This study reports obesity prevalence rates
of 48.61% among male participants and 45.95%
among female participants, according to the WHO
BMI classification for the Asian adult population. In
comparison, a study by Raju A et al. among medical
students in Pondicherry found obesity prevalence
rates of 57% for males and 45% for females.* The
higher obesity prevalence in these studies may be at-
tributed to the homogeneous nature of the partici-
pants, who are all young adults.

In this study, we identified neck circumference cut-
offs of 34 cm for males and 30 cm for females, which
demonstrated good sensitivity and specificity for
predicting obesity. These cut-offs are comparable to
those found in a study conducted among young adults
in Puducherry, India.* However, higher cut-offs were
observed in studies from other countries,'81? possibly
due to ethnic, genetic, and environmental differences.
The present study found that neck circumference was
statistically significant and positively correlated with
weight, height, BMI, waist-hip ratio, hip circumfer-
ence, and waist circumference in both genders. A
study done by Raju A et al. also found statistically
significant correlation between neck circumference
and various anthropometric measurements similar to
this study, except for height in both genders and
waist-hip ratio in females.* Previous research done
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among young adults has also shown a statistically
significant correlation between neck circumference
and conventional anthropometric measures of obesi-
ty.47111718 Studies done among children,2® adoles-
cents'® and adults,'421 have also shown positive cor-
relations of neck circumference with other anthro-
pometric measurements.

In the present study, neck circumference is proposed
as a screening tool for young adults. Previous re-
search has similarly recommended neck circumfer-
ence as an obesity predictor for young adults.+11.1322
Other studies have suggested neck circumference as a
screening tool for obesity in children,2? adolescents,1¢
and adults.142! Furthermore, several studies have as-
sociated increased neck circumference with cardio-
vascular risk factors and metabolic syndrome.23-25 R K
et al. found that participants preferred neck circum-
ference measurements over other anthropometric
methods.?2 Neck circumference is a tool that can be
easily integrated into primary care for screening of
obesity. Its use in clinical examinations can effectively
identify a significant risk factor for non-
communicable diseases. The neck circumference
measurement is quick, applicable in various envi-
ronments, and unaffected by factors such as fasting-
satiety, clothing, ambient temperature, and sociocul-
tural limitations. It is less intrusive than waist cir-
cumference and less cumbersome than BMI. Addi-
tionally, it is cost-effective, making it suitable for use
in developing countries like India. Thus, neck circum-
ference has the potential to be an alternative, low-
cost, and practical screening indicator of obesity
among young adults. Implementing neck circumfer-
ence measurements in routine clinical practice could
enhance obesity screening and early identification of
individuals at risk for obesity-related health condi-
tions.

The study's cross-sectional design restricts the abil-
ity to determine causality in the observed associa-
tions. As the study population comprises solely
young adults from a single medical college, this may
restrict the generalizability of the results. Employing
a multicentric approach involving diverse age groups
and institutions could have improved the generaliza-
bility. Furthermore, the study was conducted on a
relatively small population size, demanding further
research with larger sample sizes to validate the
identified cut-off values for defining obesity.

Further large-scale studies are needed to establish
standardized thresholds based on ethnicity, age, and
other factors. Standardized neck tapes with a colour-
coded range could facilitate easy screening and grad-
ing of obesity. This study underscores the need to
promote healthy lifestyles, balanced diets, and physi-
cal activity among young adults. Heightened aware-
ness about obesity and its associated complications
is essential, necessitating the implementation of
screening sessions and awareness programs.
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CONCLUSION

The study highlighted neck circumference as an effi-
cient predictor of obesity among young adults. Obesi-
ty is becoming a major health issue in this demo-
graphic group, as revealed by the noteworthy preva-
lence rate of obesity among the study participants.
Neck circumference is found to be an easy-to-
measure screening tool for obesity among young
adults, offering good sensitivity and specificity. It
demonstrated statistically significant correlations
with conventional anthropometric measurements
and established reliable cut-off points for identifying
obesity in both genders. Neck circumference showed
a positive correlation with BMI, which indicates gen-
eral obesity, as well as with waist circumference,
which reflects central obesity. Thus, it can be consid-
ered as a feasible alternative to more cumbersome
measures such as BMI and waist circumference.
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