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AsstrACT: Neck circumference (NC) is an anthropometric measurement of differentiating body fat distri-
butions and a marker of upper subcutaneous adiposity. The present study highlights the association and
importance of NC as a suitable proxy screening measure of overweight/obesity as compared to the conven-
tional anthropometric variables used among Indian adults. The present community based cross-sectional
study was undertaken among 1169 Karbi adults (males: 625; females: 544) residing in Karbi Anglong
district of Assam, Northeast India, who were selected through a multistage stratified random sampling
method. Height, weight, waist circumference (WC), hip circumference (HC) and NC were recorded using
standard procedures. The body mass index (BMI) was calculated and prevalence of overweight/obesity was
assessed using standard cut-offs. The prevalence of obesity using BMI (>25.00 kg m™) was 15.52% and
15.26% among males and females, respectively (p=0.05).The prevalence of obesity using NC was observed
to be significantly higher among males (48.80%) than females (19.12%) (p<0.01). The binary logistic
regression analysis showed that NC predicted obesity over the conventional anthropometric variables with
reasonable accuracy (p<0.01). The ROC-AUC analysis showed a relatively greater significant association
between BMI, WC and HC and NC for obesity (p<0.01). Thus, NC appears to be a potentially simple, easy-
to-use screening measure for predicting obesity among adults. Further studies are required to validate its
use for screening of obesity among other ethnic populations in India.

Key worps: Neck circumference; Body Mass Index; Overweight; Obesity; Waist circumference; Northeast
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Introduction plex disease of the diverse etiology (Binks

2016) and is a result of a complex com-

Obesity or the accumulation of excess bination of an “obesogenic environment”
body adiposity is considered to be a com-  (Mendes et al. 2013). This complex envi-
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ronment consists of genetic (Sitek et al.
2014; Rosset et al. 2016), socio-econom-
ic (Chung et al. 2016; Kowalkowska et al.
2016), nutritional (Gurnani et al. 2015;
Binks 2016) and psychological (Czegledi
2016; Kelley et al. 2016) factors. Obesity
is becoming a major public health issue
in both the developed and developing
countries as it contributes to numerable
preventable, non-communicable diseases
and related mortalities and morbidities
(Huxley et al. 2010; Misra and Khurana
2011; WHO 2011; Akin and Nienaber
2015). Its prevalence is considered to
be one of the most blatantly visible, yet
most neglected public health problem
that requires urgent interventions (WHO
2013). Recent studies have reported that
global obesity trends and its related prob-
lems are one of the major health issues
among adults in both the developed and
developing countries (Popkin and Slin-
ing 2013; Morgen and Sgrensen 2014).
Although, there are several technolog-
ically advanced methods to assess total
and regional body adiposity (Wells 2010;
Sen and Mondal 2012; Al-Bachir and Ah-
hmad, 2016), anthropometric measure-
ments and indices are more widely used
in population studies on overweight/
obesity. Their main advantages are their
safe use, non-invasive, inexpensive and
easy applicability. These anthropometric
measures play significant roles in clini-
cal and public health screening and sur-
veillance of with respect to overweight/
obesity (WHO, 2000; Dudeja et al. 2001;
Das and Bose 2006; Sarkar et al. 2009;
Misra and Khurana, 2011; Huxley et al.
2011; Sen et al. 2013; Mondal and Sen
2014; Rengma et al. 2015).

One of the most widely utilized index
is the body mass index (BMI). It is used
to describe greater adiposity as compared
to excess body weight relative to height,

although it does not depict regional
body adiposity distribution (Wells 2010;
Sen and Mondal 2013; Mondal and Sen
2014). There is a large amount of scien-
tific literature on the assessment of over-
weight and obesity among adult using
this anthropometric index and here the
recent studies of Das and Bose (2006),
Sarkar et al. (2009), Chopra et al. (2013),
Sen et al. (2013), Shafaghi et al (2014),
Anuradha et al. (2015), Rengma et al.
(2015) and Kowalkowska et al. (2016)
are mentionable. It is now an established
fact that a BMI value of >25.00 kg m™
is a major risk factor for a wide range of
metabolic diseases such as cardio-vas-
cular diseases (Mandviwala et al. 2016),
hypertension (Kelly et al. 2015), type II
diabetes (Bhowmik et al. 2014) and cer-
tain types of cancers (Argolo et al. 2015).
Studies have also suggested that waist
circumference (WC) along with waist-
hip ratio (WHR) and to a lesser extent
waist-height ratio (WC/height), can also
be utilized to accurately describe body fat
distributions and subsequent morbidity
and mortality among adults (Onat et al.
2009; Huxley et al. 2010; WHO, 2011;
Chakraborty et al. 2011; Feng et al. 2012;
Mondal and Sen 2014; Cheong et al.
2014). It has been opined that an indi-
vidual is generally defined to be healthy
by measuring his/her WC and/or WHR
(Onat et al. 2009; Huxley et al. 2011;
WHO 2011). The prevalence of high
mortality and morbidity was observed to
be greater at lower BMI values and small-
er WC values among Asian populations
(WHO Expert Consultation 2004; Pan
and Yeh 2008; Low et al. 2009; Huxley et
al. 2011; WHO 2011; Misra and Khurana
2011). Several studies have reported that
the proposed cut-offs may be needed to
be lowered for different ethnic popula-



Neck circumference and assessment of overweight/obesity 349

tions of Asia (WHO Expert Consultation
2004; Low et al. 2009; WHO 2011).

Neck circumference (NC) is a rela-
tively new potential proxy anthropomet-
ric measurement that can be utilized to
differentiate between normal and excess
body fat distribution and considered to
be a marker of upper body subcutaneous
adipose tissue distribution (Ben-Noun
and Laor 2003, 2006; Onat et al. 2009;
Yang et al. 2010; Hingorjo et al. 2012;
Aswathappa et al. 2013; Ozkaya and
Tungkale 2016). Studies have reported
significant associations between NC and
the conventional anthropometric varia-
bles (such as BMI, WC and WHR) during
the assessment of obesity and metabolic
disorders among adults (Ben-Noun and
Laor 2006; Onat et al. 2009; Hingorjo et
al. 2012; Adamu et al. 2013; Aswathappa
et al. 2014; Ozkaya and Tunckale 2016).
Studies have further observed that higher
NC values were associated with increased
risk of type-2 diabetes and hypertension
(Noun and Laor 2003; Yang et al. 2010;
Aswathappa et al. 2013), cardiovascu-
lar diseases (Sjostrom et al. 1997; Ben-
Noun and Laor 2006; Fink et al. 2006)
and metabolic disorders (Sjostrom et al.
1997; Ben-Noun and Laor 2006; Onat
et al. 2009; Yang et al. 2010; Stabe et al.
2013; Wang et al. 2015). Studies have re-
ported significant associations between
NC and conventional anthropometric
variables (such as BMI, WC and WHR)
during the assessment of obesity and
metabolic disorders among adults (Ben-
Noun and Laor 2006; Onat et al. 2009;
Hingorjo et al. 2012; Adamu et al. 2013;
Aswathappa et al. 2013, 2014; Stabe et
al. 2013; Assyov et al. 2016).

The advantages of NC are its simplic-
ity and low cost. It also provides very
good inter- and intra- observer reliabil-
ity and requires minimum effort from

the observer and the subject (LaBerge
et al. 2009). Therefore, NC could be
potentially used as a quick and easy-to-
apply anthropometric screening tool in
large-scale population investigations
over conventionally used anthropometric
variables to assess overweight/obesity.
However, such population-based studies
on the relation between NC and obesity
are still lacking for adult populations es-
pecially among Asian and Indian popula-
tions. The objectives of the present study
were two-fold. The first was to assess the
prevalence of excess adiposity using con-
ventional anthropometric variables along
with NC among an Indian adult popula-
tion. The second was to assess the rela-
tion and reliability of NC as a screening
measure of overweight/obesity as com-
pared to the routinely used convention-
al anthropometric adiposity variables of
excess adiposity in the population under
study.

Materials and Methods

Study area and subjects

India consists of a large number of eth-
nic and indigenous elements having
enormous amounts of ethnic and genetic
diversity (Indian Genome Variation Con-
sortium 2008). It is a vast country with
varied geographical conditions where
body composition varies with race, sex
and geographical locations. With a pop-
ulation of more than 1.22 billion, the
Indian population consists of 4693 com-
munities with several thousand endog-
amous groups. The present community
based cross-sectional study has been
carried out among 1169 adults (males:
625; females: 544) belonging to the in-
digenous tribal Karbi population of Karbi
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Anglong, Assam, Northeast India. Ethni-
cally, the Karbi is an endogamous Mon-
goloid tribal population belonging to the
Tibeto-Burman linguistic family group
and occupying the districts of Karbi An-
glong, Dima Hasao, Kamrup, Marigaon,
Nagaon, Golaghat, Karimganj, Lakhim-
pur and Sonitpur in the state of Assam
and the states of Arunachal Pradesh,
Meghalaya and Nagaland, all located in
the North-eastern region of India. How-
ever, they are mostly concentrated in the
district of Karbi Anglong (25°33’ N to
26°35' N latitude and 92°10" E to 93°50’
E longitude). This district is the largest
among the 32 districts of the state of As-
sam and covers an area of 10,434 sq km.
According the National Census of 2011,
the district had a population of 9,56,313
individuals (males: 4,90,167; females:
4,66,146) with an average literacy rate
of 69.25% (males: 76,14%; females:
62.00%). The sizable number and wide-
spread distribution of the Karbi popula-
tion were the two sole criteria for select-
ing this population for the present study.
A total of 14 Karbi dominated villages
were covered in the course of this study.
These villages were situated ~15-20 km
from of the town of Diphu, the district
headquarters of Karbi Anglong.

The participants were selected using
a multi-stage stratified sampling meth-
od. In the first stage, households of those
individuals belonging to the Karbi popu-
lation were identified based on their sur-
names and physical characters. The data
were subsequently verified from the gov-
ernmental records. In the second stage,
purposive random sampling was utilized
to select the individuals to be included
in the study. A total of 1290 adult Kar-
bi individuals in the age group of 20-49
years (males: 690; females: 600) were ap-
proached to participate in the study. All

the subjects were apparently healthy and
devoid of any physical deformity. They
had no previous histories related to med-
ical and surgical episodes and were not
suffering from any diseases during the
time of data collection. The individuals
with enlargement of the thyroid gland,
goitre and neck deformity and those ex-
hibiting any abnormality were excluded
from the study. Pregnant, post-partum
and lactating women were also excluded.
These exclusions were done so as to avoid
selection bias. Age of the individuals was
recorded from the birth certificates, vot-
er identity cards and other official doc-
uments issued by the Government. The
objectives of the study were explained to
them in a simple, yet in a detailed man-
ner. Finally, 1169 of them (males: 625;
females: 544) voluntarily agreed to par-
ticipate in the study. The overall partic-
ipation rate was 90.62%. The data was
recorded from the concerned household
of the subjects. An informed consent was
obtained from each participant. Con-
sents were also obtained from the local
village level authorities and headmen
prior to the collection of data. The nec-
essary clearances were obtained prior to
the commencement of the study, which
was conducted in accordance with the
ethical guidelines for human experimen-
tal research as laid down in the Helsinki
Declaration (Touitou et al. 2004). The
study was conducted during the period
from August 2012 to May 2013.

Anthropometric measurements
recorded

The anthropometric measurements were
recorded following the standard proce-
dures of Hall et al. (2007). Weight was
recorded with the subject standing mo-
tionless on a portable digital weighing
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machine (Libra®, Edryl-India, Tiswadi,
Goa) to the nearest 0.10 kg. The meas-
urement was taken wearing minimum
clothing without any footwear. Height
was measured using an anthropome-
ter rod (GPM type, Galaxy Informatics,
New Delhi) to the nearest 0.10 cm with
the subject standing in erect position on
a flat surface and the head oriented in
the Frankfort horizontal plane. The WC
was measured midway between the iliac
crest and lower margin of the ribs with
the subject remaining in the standing
position. Hip circumference (HC) was
measured at the maximum elevation
of buttocks wearing minimum clothes
(WHO 2011). The NC was measured as
the minimum distance around the neck
with the neck held in a vertical position
with the eye facing forward. It was meas-
ured with the help of a non-stretchable
Gullick tape to the nearest 0.10 cm. This
measurement was carefully recorded by
identifying the uppermost level of the
margin of the thyroid cartilage (Adam’s
apple) (Fink 2012). Care was taken not
to involve the shoulder and neck mus-
cles (Trapezius) during recording the
measurement. The instruments were
regularly checked for their accuracy in
measurements so as to reduce errors
during the collection of the measure-
ments.

The technical error of measurement
(TEM) was calculated to check the con-
sistency and reliability of the intra-ob-
server and inter-observer measurements
in connection with the anthropometric
measurements following the method of
Ulijaszek and Kerr (1999). This particu-
lar method involves the calculation of
observer differences and the subsequent
determination of the coefficient of re-
liability (R). The value of ‘R’ value has
a range from O (not reliable) to 1 (com-

plete reliability). The formula for calcu-
lating TEM is as follows:

TEM =  (XD%2N), D being the dif-
ference between the measurements and
N the number of individuals measured.

The formula for calculating R is as
follows:

R = {1- (TEM) 2/SD*, SD be-
ing the standard deviation of all the
measurements.

For analysis of TEM, a total 50 adult
Karbi individual aged 20—49 years were
selected from the town of Diphu using
simple random sampling. Their height,
WC, HC and NC were measured by
three of the authors (RT, MK and SH).
The values of ‘R’ were subsequently de-
termined from TEM. Very high values of
‘R* (>0.975) were obtained for all four
anthropometric measurements. As these
values were appreciably higher than the
cut-off value of 0.95 as suggested by Ul-
ijjaszek and Kerr (1999), the measure-
ments recorded by these three authors
were considered to be reliable, reproduc-
ible and free from any observer bias. Sub-
sequently, all the measurements for the
present study were recorded by them.
Measurements for the present study
involved two consecutive readings for
height, WC, HC and NC for each subject,
and the means being noted.

Assessment of adiposity

The BMI was calculated using the follow-
ing standard equation of WHO (2000):

BMI=Weight/Height* kg m—.

The population-specific proposed
lower cut-offs for Asian populations
were used to determine overweight and
obesity because of greater variability in
adiposity-related morbidities in lower
BMI among Asian adults (WHO Expert
Consultation 2004; Low et al. 2009;
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WHO 2011). The prevalence of obesity
(BMI >25.00 kg m~2) was assessed us-
ing the proposed cut-offs for Asia-Pacific
populations (WHO 2000). A WC value
of >90.0 cm and >80.0 cm, as recom-
mended by WHO (2010), was used to
define regional obesity among the males
and females respectively. Using WHR
(WC/HC) obesity was defined as >0.90
cm for males and >0.80 cm for females
(Deurenberg-Yap et al. 2001; Obesity in
Asia Colloboration 2007). The value of
>0.50 as proposed by Hsieh and Muto
(2004) for WC/height was also used to
define adiposity. The NC cut-offs points
of >36.0 cm (males) and >32.0 cm (fe-
males) was used to assess overweight/
obesity, as proposed by Aswathappa et
al. (2014).

Statistical analysis

The data were statistically analysed using
the Statistical Package for Social Science
(SPSS version, 17.0). A p value of <0.05
was considered to be statistically signif-
icant, while p>0.05 was considered to
be statistically not significant. Normality
was tested using the Shapiro-Wilk test
for each of the anthropometric variables.
Independent sample t-test was done to
assess mean differences with respect to
the anthropometric variables between
sexes. Pearson correlation coefficient (r)
analysis was done to study the relation-
ship between the variables. Chi-square
analysis was performed to assess sex-dif-
ferences in the prevalence of excess adi-
posity. A binary logistic regression (BLR)
analysis was employed to derive the ‘like-
lihood ratio’ and ‘R-square statistics’ so
as to identify the better predictor model
for estimation of obesity (BMI >25.00 kg
m~2) using the conventional anthropo-
metric variables of adiposity. The BLR

provides a probability of obesity assess-
ment based on the maximum likelihood
approach. Logistic regression models
were derived as; y = B 1 X x1 + B2 X
x2 + ... + B n X xn + b. The values of
‘B, through ‘B ’ where the B coefficients
for each variable, ‘x,” through ‘x ’ denot-
ed the different variables, and ‘b’ was the
constant. The likelihood ratio of model
summary statistic measured how poorly
the model predicted the decisions, where
the smaller the statistic was considered
to be the better predictor of the mod-
el. A receiver-operating characteristic
(ROC) curve was plotted for determina-
tion of the efficacy of the screening vari-
ables for correctly identifying individuals
on the basis of their classification by the
reference test. The ROC curve is a plot
of the true positive rate (sensitivity)
against the false positive rate (1-specific-
ity). In the present study, the specificity
and sensitivity were calculated to test the
predictive accuracy and reliability of an-
thropometric variables for obesity using
BMI (>25.00 kg m~2). Similarly, the ROC
curve was also performed for estimation
of a positive rate against the false posi-
tive rate for conventional anthropometric
against the overweight/obese category as
determined using NC. Those classified as
overweight were coded as 1 and normal
coded as O against the predictor varia-
bles. The 95% Confidence Intervals (ClIs)
of the area under the normalized ROC
(AUC-ROC) curve was also calculated
to ascertain the best surrogate anthropo-
metric measurements with BMI and NC
against the conventional anthropometric
variables. The values of the AUC curve
analysis could be between ‘0’ and ‘1.
A value of ‘0’ indicates that the screening
measure did not perform well, whereas
the value of ‘1’ denotes a perfect per-
formance. The AUC value of 0.50 mean
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the diagnostic test is not better than by
chance, hence, values >0.50 were more
desirable.

Results

The age and sex-specific range and de-
scriptive statistics of anthropometric var-
iables are presented in Table 1. The over-
all mean age was observed to be higher
among males (29.45+7.94 years) than
females (25.63 =7.36 years) (p<0.01).
The mean values of weight, height, NC,
WC and WHR were observed to be signif-
icantly higher among males than females
(p<0.01), whereas the mean values of
WC/ height were higher among females
(p<0.01). The mean values HC were
slightly higher in females than males, but
the difference was not statistically sig-
nificant (p>0.05). The mean BMI value
was slightly higher, but statistically not
significant among males (22.33+ 3.37 kg
m~2) than females (22.03+ 3.31 kg m™?)
(p>0.05). The Shapiro-Wilk test for nor-
mality was not statistically significant
(p>0.05) for each of the anthropometric
variables. Using the independent-sample
t-test analysis, the sex-specific mean dif-
ferences were observed to be statistically
significant with respect to age, height,
weight, NC, WC, WHR, and WC/height
ratio (p<0.01), but not in the case of
HC, and BMI (p>0.05) (Table 1). Among
males, the age-specific mean differences
were observed to be statistically signif-
icant with respect to age, height, WC,
HC, WHR and WC/height (p<0.01). In
case of females, the age-specific mean
differences were observed to be statisti-
cally significant with respect to age, WC,
WC/height (p<0.01) and HC (p<0.05)
(Table 1).

Pearson’s correlation analysis was
done to find out the association between

anthropometric variables with BMI and
NC among males and females (Table
2). The correlation coefficient analysis
showed a positive, statistically signifi-
cant (p<0.01) correlation of weight with
BMI and NC among males (r= 0.870 and
r= 0.567) and females (r= 0.905 and r=
0.668), with the correlation coefficient
also found significant between height
and NC in males (r= 0.254) and fe-
males (r= 0.285) (p<0.01). The results
showed a positive, statistically signifi-
cant (p<0.01) correlations of BMI with
NC (r= 0.498), WC (r= 0.421), HC (r=
0.393) WHR (r= 0.144) and WC/height
(r= 0.433) among male individuals. The
correlation coefficient was also statisti-
cally significant (p<0.01) between NC
and WC (r = 0.578), NC and HC (r=
0.562), NC and WHR (r = 0.157) and
NC and WC/height (r = 0.451). The re-
sults of Pearson’s correlation analysis,
among female individuals also showed
significant positive correlations (p<0.01)
of BMI with NC (r= 0.587), WC (r=
0.687), HC (r= 0.644), WHR (r= 0.399)
and WC/height (r= 0.705). The correla-
tion coefficient was also statistically sig-
nificant (p<0.01) between NC and WC
(r= 0.569), NC and HC (r= 0.574), NC
and WHR (r= 0.285) and NC and WC/
height (r= 0.502) (Table 2).

Assessment of central and regional
adiposity

The prevalence of excess adiposity among
the Karbi individuals is presented in Table
3. The prevalence of obesity using BMI
(>25.00 kg m?) was 15.52% and 15.26%
among males and females, respective-
ly (p>0.05). Using WC, the prevalence
of excess regional/central adiposity was
significantly greater among females than
males (24.82% vs. 4.32%, p<0.01). In
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Table 2. Pearson correlation analysis between anthropometric variables/indices among the Karbi individuals

Males (N=625)

Females (N=544)

Anthropometric
variables/indices Body mass index Neck circumfer- Body mass index Neck circumfer-
(BMI) ence (NC) (BMI) ence (NC)

Weight 0.870* 0.567* 0.905* 0.668*
Height -0.058 0.254* -0.051 0.285*
Neck circumference (NC) 0.498* - 0.587* -
Hip circumference (HC) 0.393* 0.562* 0.644* 0.574*
Waist circumference (WC) 0.421* 0.578* 0.687* 0.569*
‘(’&}fg)Hlp circumference Ratio 0.144* 0.157* 0.399* 0.285*
\(Q/;Eggg‘ﬁgference/ Height Ratio 0.433* 0.451* 0.705* 0.502*
Body Mass Index (BMI) - 0.498* - 0.587*

*p<0.01 (Two-tailed Correlation analysis)

Table 3. Prevalence of excess adiposity assessed using the conventional anthropometric variables/ indices

among the Karbi individuals

Prevalence of excess adiposit .
posity Sex difference

Anthropometric variable/indices Males Females (¢-value)
(N=625) (N=544)
Body Mass Index (BMI): obesity 97 (15.52) 83 (15.26) 0.01
Waist circumference (WC): central obesity 27 (4.32) 135 (24.82) 77.10*
Waist/ Hip circumference ratio (WHR): central obesity 270 (43.20) 423 (77.76) 36.66*
Waist / Height ratio (WC/ height): central obesity 138 (22.08) 229 (42.10) 28.11*
Neck circumference (NC): overweight/obesity 305 (48.80) 104 (19.12) 55.78*

*p<0.01, Values in parenthesis indicates percentage

WHR and WC/height description the
rate of obesity of women (77.76% and
42.10%) was assigned to men (43. 20%
and 22.08%) and conversely (p<0.01).
Using NC, the prevalence of obesity was
observed to be significantly higher among
the male (48.80%) as compared to the fe-
male (19.12%) individuals (p<0.01).

Binary logistic regression analysis
of the anthropometric variables
against obesity

A BLR analysis was employed to derive
the ‘likelihood ratio’ and ‘R-square sta-
tistics” to identify the better predictor

model for the estimation of obesity (BMI
>25.00 kg m~2) using the anthropometric
variables of adiposity among the individ-
uals (Table 4). Among male individuals,
NC appeared to be a better predictor in
terms of likelihood of obesity followed by
WC (p<0.01). The better model predic-
tive values were observed to be in WC/
height ratio followed by WC among fe-
male individuals (p<0.01). A relative
predictability was shown by NC to as-
sess obesity in comparison to the other
conventional anthropometric variables
among females using the BLR analysis
(p<0.01). An acceptable accuracy for the
prediction of obesity was also observed
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Table 4. Binary logistic regression analysis to predict the anthropometric variables/ indices of obesity as-
sessed using BMI (>25.00 kgm~2") among the Karbi individuals

Cox

Likeli- Nagel-

Con- hood and kerke

Sex Anthropometric variables/ indices B Wald P . Snell _, "~
stant statis- po o R? statis-

tics . tics
tistics

Males Neck circumference (NC) (cm) 0.389 -15.98 61.12 0.000 453.58 0.128 0.222

(N=625) Waist circumference (WC) (cm) 0.130 -11.83 54.16 0.000 470.86 0.104 0.180

Hip circumference (HC) (cm) 0.131 -13.22 42.98 0.000 482.89 0.087 0.150

Waist/Hip circumference ratio (WHR) 8.733 -9.49 11.85 0.000 526.30 0.021  0.036

Waist circumference/Height ratio 19.168 -11.03 53.55 0.000 473.35 0.100 0.174

(WC/height)

Females Neck circumference (NC) (cm) 0.503 -17.15 65.41 0.000 374.38 0.153 0.266

(N=544) Waist circumference (WC) (cm) 0.144 -13.02 87.86 0.000 333.19 0.215 0.374

Hip circumference (HC) (cm) 0.175 -17.59 87.67 0.000 337.55 0.208 0.363

Waist/Hip circumference ratio (WHR) 13.564 -13.48 44.45 0.000 423.15 0.074 0.128

Waist circumference/Height ratio 23.589 -14.03 90.02 0.000 322.63 0.230 0.400

(WC/height)

¥ WHO, 2000 cut-off

for variables of HC and WHR among
both sexes based on the BLR analysis
(p<0.01).

ROC-AUC analysis of the
anthropometric variables against BMI

The results of the ROC-AUC analysis
to ascertain dependency and appropri-
ateness of the anthropometric variables
plotted against obesity (BMI > 25.00
kg m~2) is shown in Table 5. The results
indicated that the best predictor of obe-

sity (according to the criterion of BMI >
25.00 kg m™) in men is NC (AUC 0.76,
95%CI 0.69-0.82), and in women WC/
height (0.84, 95%CI 0.78-0.89). In both
sexes HC (AUC 0.83 in females and AUC
0.69 in males) and WC (AUC 0.82 in fe-
males and AUC 0.69 in males) were also
very good predictors of obesity (p<0.01).
A slightly weaker surrogate of obesity in
both sexes was WHR (AUC 0.71 in wom-
en and AUC 0.65 on men) (p<0.01). The
comparison of AUC-ROC analysis of the
NC, WC and HC as surrogate variables

Table 5. Receiver operating curve—Area under curve analysis (ROC-AUC) of anthropometric variables/
indices plotted against BMI (>25.00 kg/m?) among the Karbi individuals

Anthropometric variables/indices

Males Females

Neck circumference (NC) (cm)

Waist circumference (WC) (cm)

Hip circumference (HC) (cm)

Waist/Hip circumference ratio (WHR)

Waist circumference/Height ratio (WC/height)

0.755* (0.69-0.82)
0.689* (0.62-0.76)
0.691* (0.62-0.76)
0.654* (0.59-0.72)
0.637* (0.57-0.71)

0.787* (0.73-0.85)
0.823* (0.77-0.88)
0.832* (0.77-0.89)
0.713* (0.65-0.78)
0.838* (0.78-0.89)

*p<0.01, Values in parentheses indicates 95% confidence interval of ROC-AUC

TWHO, 2000 cut-offs
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Fig. 1. Receiver operating curve analysis characteristics related to obesity (BMI >25.00 kg m~2) with NC,

WC and HC

of excess adiposity against BMI (BMI >
25.00 kg m~2) among males and the fe-
males is displayed separately in Figure 1.

ROC-AUC analysis of the
anthropometric variables against NC

The results of the ROC-AUC anal-
ysis showing dependency and the ap-
propriateness of the anthropometric
variables for assessment of overweight/
obesity plotted against NC in both sex-

es are shown in Table 6. The prevalence
of overweight/obesity was classified us-
ing the proposed cut-offs for NC among
Indian populations by Aswathappa et al.
(2014). The NC has been tested as an
alternative measure of excess adiposity
and results showed that the BMI and
HC showed the best surrogate variables
of overweight/obesity among males and
females individual (p<0.01). Similarly,
a significant (p<0.001) greater associ-
ation was observed with BMI among

Table 6. Receiver operating curve-Area under curve analysis (ROC-AUC) of the anthropometric variables/
indices plotted against neck circumference among the Karbi individuals

Overweight/Obesity

Anthropometric variables indices

Males (=36 cm){ Females (>32 cm) ¥
Body Mass Index (BMI) (kg/m?) 0.7 20* 0.830*%
(0.68-0.76) (0.78-0.88)
Waist circumference (WC) (cm) 0.714* 0.761*
(0.67-0.75) (0.71-0.82)
Hip circumference (HC) (cm) 0.7 19* 0.775*
(0.68-0.76) (0.73-0.83)
Waist/Hip circumference ratio (WHR) 0.560* 0.660*
(0.52-0.61) (0.60-0.72)
Waist circumference/Height ratio (WC/height) 0.624* 0.747*
(0.58-0.67) (0.69-0.80)

*p<0.01, Values in parentheses indicate 95% confidence interval of ROC-AUC

T Cut-offs as proposed by Aswathappa et al. (2014)
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Fig. 2. Receiver operating curve analysis characteristics related to overweight/obesity assessed using NC

(236.0 cm/>32.0 cm) with BMI, WC and HC

males (AUC 0.72, 95%CI 0.68-0.76) and
females (AUC 0.83, 95%CI 0.78-0.88).
The HC showed greater association with
NC among males (AUC 0.72, 95%CI
0.68-0.76) and females (AUC 0.78,
95%CI 0.73-0.83) (p<0.01). Similar-
ly, WC showed a significant (p<0.001)
association with obesity among males
(AUC 0.71, 95%CI 0.67-0.75) and fe-
males (AUC 0.76, 95%CI 0.71-0.82)
(p<0.05). A comparative AUC-ROC
analysis of BMI, WC and HC as surrogate
variables of overweight/obesity (>36.0
cm/>32.0 cm) against NC among male
and female individuals is presented sepa-
rately in Figure 2.

Discussion

In this study, the population-specific
proposed lower cut-offs for Asian popu-
lations were used to determine the over-
weight and obesity because of the greater
variability in adiposity-related morbid-
ities in lower BMI among Asian adults
(WHO Expert Consultation 2004; Low et
al. 2009; WHO 2011; Misra and Khurana
2011). An ideal measure of obesity would

be an index that reflects the degree of ad-
iposity, in a unified way across the sex/
gender, age and populations and is associ-
ated with adverse health risks. However,
such a measure does not exist in practi-
cal situations. The conventional anthro-
pometric variables (such as BMI, WC,
WHR and WC/height) are widely recom-
mended and used for the assessment of
obesity due to their potential independ-
ent associations with major metabolic
disorders and obesity related mortalities
and morbidities in adults (Dudeja et al.
2001; Das and Bose 2006; Deepa et al.
2009; Low et al. 2009; Onat et al. 2009;
WHO 2011). Current knowledge argues
against using unified BMI cut-offs to de-
fine overweight/obesity in various ethnic
groups, especially in Asian origin ethnic
groups or populations (WHO Expert
Consultation 2004; WHO 2011; Misra
and Khurana 2011). However, it is not
clear where to draw the demarcation,
because the relationship between excess
adiposity, metabolic disorders and sev-
eral other non-communicable diseases
are on a continuum that varies in degree
among different ethnic  populations.



Neck circumference and assessment of overweight/obesity

359

Therefore, the population-specific rela-
tive risks in pre-disposition to regional/
central adiposity, thereby increased risks
of developing metabolic disorders in dif-
ferent ethnic populations (such as Asian
Indian) are very crucial owing to greater
variations of body-adiposity and/or BMI
(WHO Expert Consultation 2004; Pan
and Yeh 2008; Low et al. 2009; WHO,
2011; Misra and Khurana 2011).

Several population-specific studies
have suggested using population specific
cut-off points due to higher levels of body
fat percentages and abdominal adipose
tissues among the Asian populations.
Therefore, the present study has used
the newly proposed BMI cut-off points
for the adult Asian populations so as to
determine obesity (BMI >25.00 kg m~2)
(WHO 2000; WHO expert consultation
2004). Studies investigating the body
composition and its association with
health outcomes in Asian populations
have analysed and reported greater body
adiposity percentages in Asians at a lower
BMI, as well as an increased prevalence
of regional adiposity as compared to Eu-
ropeans population (Pan and Yeh 2008;
Low et al. 2009; WHO 2011; Misra and
Khurana 2011). The Asian populations
also appear to have increased metabolic
disorder risks at lower regional adiposity
(e.g. WC and WHR) than their European
counterparts at lower BMI levels (WHO
Expert Consultation 2004; Pan and Yeh
2008; Low et al. 2009; Misra and Khurana
2011; Mondal and Sen 2014). Therefore,
there is an urgent need for appropriate
proxy anthropometric variables (such as
NC) over the conventionally used ones
for the assessment of population-specific
risks of overweight/obesity owing to the
greater population diversity. Several stud-
ies have recently tried to introduce the
use of NC as a simple screening measure

of overweight/obesity and its associa-
tions with increased metabolic disorder
risks in adults (Ben-Noun et al. 2001;
Ben-Noun and Laor 2006; Onat et al.
2009; Hingorjo et al. 2012; Aswathappa
et al. 2013, 2014; Stabe et al. 2013; Wang
et al. 2015; Ozkaya and Tunckale, 2016).

The present study showed an exist-
ence of strong associations between NC
and conventional anthropometric varia-
bles for obesity (such as BMI, WC, HC
and WHR) among adults. Positive asso-
ciations of NC with BMI, WC, HC, WHR
and WC/height among adults of both
sexes are also indicated (p<0.01) (Ta-
ble 2). Several researchers have report-
ed similar associations of NC with BMI,
WC, HC and WHR (Fink et al. 2006; Ben-
Noun and Laor 2006; Onat et al. 2009;
Hingorjo et al. 2012; Adamu et al. 2013;
Aswathappa et al. 2013, 2014; Wang et
al. 2015; Ozkaya and Tungkale 2016).
Furthermore, studies reported that NC
has a potential role to surpassing excess
adiposity marker over the conventional
anthropometric measures (e.g., BMI, WC
and WHR) in metabolic disorders (Onat
et al. 2009; Yang et al. 2010; Adamu et al.
2013; Aswathappa et al. 2013; Wang et al.
2015; Assyov et al. 2016). The BMI has
also shown a reasonably good correlation
with the other conventional anthropo-
metric variables of excess adiposity in
adults (Dudeja et al. 2001; Das and Bose
2006; Sarkar et al. 2009; Hingorjo et al.
2012; Aswathappa et al. 2013). There-
fore, it was opined that BMI can be used
to determine and monitor changes in the
prevalence of overweight/obesity (Dude-
ja et al. 2001; Das and Bose 2006; Onat
et al. 2009; Sen et al. 2013; Mondal and
Sen 2014; Rengma et al. 2015). Recent
studies have reported that NC has a po-
tential role to play as an excess adiposity
marker over the conventional anthropo-
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metric variables in metabolic disorders
in adults (Onat et al. 2009; Yang et al.
2010; Aswathappa et al. 2013; Adamu
et al. 2013; Wang et al. 2015; Assyov et
al. 2016). The present study also showed
a high prevalence of overall and regional
adiposity using the conventional anthro-
pometric variables (such as BMI, WC,
WHR and WC/height) among adults (Ta-
ble 3). This is in conformity with other
similar Indian studies that have observed
the existence of a greater proportion and
variations both overall and regional adi-
posity (p<0.05) using these conventional
anthropometric variables among female
individuals (Dudeja et al. 2001; Das and
Bose 2006; Deepa et al. 2009; Sarkar et
al. 2009; Aswathappa et al. 2014; Mondal
and Sen 2014). It is generally attribut-
ed that Indians have more body adiposity
both total and in the abdominal region
with less fat-free mass, skeletal muscle
and bone mineral than all other ethnic
groups (Deepa et al. 2009; Misra and
Khurana 2011; Kalra et al. 2013; Mondal
and Sen 2014). The present study has also
observed positive associations of the con-
ventional anthropometric variables used
to define excess adiposity between BMI,
WC, HC and NC. Conventional anthro-
pometric variables such as WC, WHR
and WC/height predicted specifically
intra-abdominal and regional adiposity
risk associations with hypertension, car-
diovascular diseases, diabetes and other
non-communicable diseases (Dudeja et
al. 2001; Hsieh and Muto 2004; Onat et
al. 2009; Huxley et al. 2010; Feng et al.
2012; Adamu et al. 2013; Bhowmik et al.
2014; Cheong et al. 2014).

The present study has identified the
use of NC as a relatively valid parame-
ter for the assessment of excess adiposity
among adults using BLR and ROC-AUC
analysis (Tables 4 and 5). The results

of the ‘likelihood” and RZ?-statistics sug-
gested that NC showed a reasonable
and reliable predictive accuracy in the
assessment of excess adiposity or over-
weight/obesity among both sexes over
the conventionally used anthropometric
variables. In the search of alternate an-
thropometric variable(s) of obesity (BMI
>25.00 kg m~2) assessment over the con-
ventional anthropometric measurements
(such as WC, HC, WHR and WC/height)
and NC showed similar predictive associ-
ations in both BLR and AUC-ROC anal-
ysis among the adult individuals (Tables
4 and 5). The use of NC in combination
with the conventional anthropometric
variables separates the effects of viscer-
al and subcutaneous mass and adiposi-
ty distribution on metabolic indicators
(Sjostrom et al. 1997). The association
of the anthropometric variables with NC
also showed that BMI, WC and HC are
the best surrogate variables of excess
adiposity (BMI >25.00 kg m~2) (Fig. 1).
Ben-Noun et al (2001), while compar-
ing NC with BMI, observed the accuracy
of NC to determine overweight/obesity
to be 91.0% to 95.0% among males and
97.0% to 98.0% among females. The
present study has observed that BMI and
HC with NC have the relatively greater
predictability in assessing overweight/
obesity among adult males (72.0% and
71.9%) and females (83.0% and 77.5%)
(Table 6).

Therefore, NC has the potential to be
used as an alternative, straightforward,
low cost and practical screening indica-
tor of adiposity among adults, especially
in large population based investigations.
Studies have recommended the use of
NC due to its good predictive nature in
excess adiposity (Laakso et al. 2002;
Hingorjo et al. 2012; Aswathappa et al.
2014). The present study also confirms
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the relative use and predictability of NC
as an easy screening measure of excess
adiposity pattern related to BMI, WC and
HC among adults (Fig. 2). Furthermore,
several researchers have reported differ-
ent population-specific cut-offs to assess
the prevalence of excess adiposity using
NC (Ben-Noun and Laor 2006; Yang et
al. 2010; Hingorjo et al. 2012; Aswathap-
paetal. 2014). Such discrepancy with the
results in cut-offs estimation could be
attributed to different diagnostic stand-
ards and/or population variations. The
present study assessed the overweight/
obesity prevalence among using the de-
rived cut-offs of NC among the Indian
population (Aswathappa et al. 2014).
A similar cut-offs of NC >35.5 cm (in
men) and >32 cm (in women) reported
to assess overweight/obesity prevalence
among Asian origin adults (Hingorjo et
al. 2012). Additionally, NC is generally
inexpensive and is easier to obtain than
other anthropometric measures of body
adiposity (such as WC, HC, BMI and
WHR) and has a good predictive reliabil-
ity (Onat et al. 2009; Aswathappa et al.
2014). However, a specific methodologi-
cal issue needs to be addressed here. This
is the absence of any established guide-
lines to define the anatomical location
of the measurement of NC. It could be
above the cricothyroid cartilage (Hall et
al. 2007) or at the upper level of the mar-
gin of the thyroid cartilage (Frank, 2012)
or just below the laryngeal prominence
(Preis et al. 2010). Hence, although the
specific outcome of any population-spe-
cific and clinical investigations could be
improved by using simple and appropri-
ate anthropometric variables such as NC,
larger studies are needed to validate the
results (Puri et al. 2013).

Conclusion

This study has highlighted the fact that
obesity is becoming a major health issue
in Indian populations. It has also been
observed that NC is a better potential
clinical screening tool for predicting obe-
sity among adults. It shows a strong as-
sociation with the prevalence of obesity
and therefore, is reasonable to consider it
as an independent screening measure of
the assessment of excess adiposity. The
results show the consistency of NC to
assess overweight/obesity as compared
to the conventional anthropometric var-
iables. As the conventional anthropo-
metric variables also showed significant
relationships with NC when the latter
was utilized to assess excess adiposity,
hence, NC could be used as a simple and
convenient measure to evaluate the over-
weight/obesity over the conventionally
used anthropometric measures. Further
studies should be conducted to derive
precise population-specific NC cut-offs
values for larger populations (such as
Asian Indian) to generalize the magni-
tude of obesity with a simple anthropo-
metric measurement.
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