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Introduction

Body mass Index
measure of obesity, and

(BMI)
individuals with values

Abstract

Background: Neck circumference (NC) is a simple screening measure for identifying overweight
and obesity.

Aims: To determine whether a single measure of NC might be used to identify overweight and
obesity, and to define NC cutoff levels for Egyptian overweight and obesity according to existing
BMI and WC cutoff levels.

Settings and Design: A prospective cross-sectional study from upper and lower Egypt.

Materials and Methods: Main indicators included NC, weight, height, waist and hip circumferences
(WC) and body mass index (BMI).

Results: Pearson’s correlation indicated a significant positive association between changes in NC
and changes in body mass index and WC in both men and women. ROC analysis showed that the
area under the curve (AUC) for NC and BMI >25 kg/m? was 0.80 for men, 0.69 for women,
respectively, while that for BMI>30 kg/m? was 0.88 for men, 0.75 for women, respectively. NC = 38
cm for men and = 36 cm for women were the best cut-off points for determining subjects with
overweight.

Conclusion: NC measurement is simple and timesaving screening measure that can be used to
identify overweight and obesity. Patients with NC >38 cm for men and >36 cm for women require
additional evaluation of overweight or obesity.

level of 10 percent among women aged 15-19 to 65
percent or more among women in the 45-59 age
groups. Urban women were more likely to be obese
than rural women, and the percentage classified as

is a traditional

between 25 and 29.9 kg/m? are considered as being
overweight while those with values of 30 kg/m? or
higher as obese according to Expert Panel on the
Identification,  Evaluation, and Treatment of
Overweight in Adults [1].

Egypt Demographic and Health Survey [2]
stated that the proportion classified as obese
increased from 6 percent among men aged 15-19 to
33 percent of men aged 55-59. Urban men were much
more likely than rural men to be obese (22 percent
and 15 percent, respectively). The proportions
classified as obese increased directly with age, from a

obese ranged from 25 percent in rural Upper Egypt to
49 percent in the urban Lower Egypt.

There are numerous methods of assessing
overweight and obesity. Some techniques are
applicable at primary care facilities, such as
measurements of weight, height, waist and hip
circumferences, and calculations of waist/ hip ratio
and BMI. It is not always practical to use these
techniques, especially in winter, in busy, everyday
primary care practice. Other procedures, such as
ultrasound, computed tomography and magnetic
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resonance imaging are expensive and are primarily
used for research purposes. As a first step to achieve
obesity control, it is important to develop a reliable,
simple, quick method for the assessment of obesity in
primary care clinics [3].

Vague [4] was the first researcher to realize
that different body morphology or types of fat
distribution are related to the health risks associated
with obesity. He used a neck skin fold in his index of
masculine differentiation to assess upper-body fat
distribution.

Although obesity results in metabolic
abnormalities, upper-body obesity is more strongly
associated with glucose intolerance,
hyperinsulineamia, diabetes, hypertriglyceridemia,
gout, and uric calculous disease than is lower-body
obesity [5]. Neck circumference as an index of upper-
body subcutaneous adipose tissue distribution, was
evaluated in relation to cardiovascular risk factors [6].
In addition, relationships were examined between
changes in body composition, including the neck size,
and changes in cardiovascular risk factors [7].
Furthermore, the free fatty acid release from upper
body subcutaneous fat was found to be larger than
that from lower-body subcutaneous fat [8], a fact that
further strengthens the relevance of measuring upper-
body subcutaneous adipose tissue depots. These
observations indicate that NC as an index of upper
body fat distribution can be used to identify overweight
and obese patients.

The aim of this study was to determine
whether a single measure of NC might be used to
identify overweight and obese adults and to define NC
cutoff levels for overweight and obesity according to
existing BMI and waist circumference cutoff levels; as
standards for general and central obesity respectively.

Subjects and Methods

This study was derived from a community-
based cross-sectional survey for establishing
comprehensive anthropometric measurements for the
dimensions of the Egyptian human body to be used
for obtaining the standards needed for the Egyptian
clothing industry (Science Technology Development
Fund; STDF; Basic Research, no.1256). The present
study included 6718 adult Egyptian subjects of both
sexes (2926 men and 3792 women) with age range
21-55 years old. They were representing different
geographic localities and different social classes. The
sample was taken from the Greater Cairo, Alexandria
and El Mehala cities; representing lower Egypt; El
Fayoum, Bany Souif and El Menia cities representing
upper Egypt. The survey included subjects working in
governmental organizations, factories, and attending
social clubs. Informed written consent was obtained
from the participants. The experimental design was
approved from an ethical and scientific standpoint, by
the ethical committee board of the National Research

Centre of Egypt (No0.09/038).

Anthropometric evaluation was performed.

The height, weight, waist, hip and neck
circumferences were measured following the
recommendations of the International Biological

Program [9]. The height was measured to the nearest
0.1 cm using a fixed stadiometer (Seca), and the
weight was determined to the nearest 0.01 kg using a
Seca Scale Balance, with the subject wearing minimal
clothing and no shoes. Waist circumference was
measured at the midpoint between the lower rib
margin and the iliac crest with the subject standing at
the end of normal expiration, hip circumference at the
level of the iliac crest, neck circumference (NC) in the
midway of the neck ( between midcervical spine and
midanterior neck), using non-stretchable plastic tape
to the nearest 0.1 cm. In men with a laryngeal
prominence (Adam’s apple), NC was measured just
below the prominence. All circumferences were taken
with the subjects standing upright, with the face
directed forward and shoulders relaxed. The following
adiposity indices were calculated: Body mass index
(BMI): as weight (in kilograms) divided by height (in
meters) squared and Waist/ Hip ratio (cm/ cm).

Definitions

Normal BMI was defined as less than 25
kg/m?, overweight as BMI > 25 kg/m? and obesity as
BMI > 30 kg/m? for both men and women[1]. None of
the present sample had morbid obesity (BMI > 40
kg/m?). Waist circumference was defined as normal
up to 94 cm for men and 80 cm for women [10]. High
waist circumference was defined at two levels as
described previously [10], with slight changes, as 94
to 102 cm for men and 80 to 88 cm for women as
overweight, or 102 cm for men and 88 cm for women
as obese. Waist: hip ratio cut off was defined as equal
or more than 0.95 for overweight men and 0.80 for
overweight women [10-13]. True-positive subjects
were those with high BMI and high NC. True-negative
subjects were those with low BMI and low NC. False-
positive subjects were those with high NC and low
BMI. False-negative subjects were those with low NC
and high BMI. Sensitivity was calculated as true-
positives/ (true-positives + false-negatives); specificity
as true negatives/ (true-negatives + false-positives).
Positive predictive value (PPV) was defined as the
percentage of subjects with high BMI who had high
NC. Negative predictive value (NPV) was defined as
the percentage of subjects with low BMI who had low
NC.

Statistical Analysis

The significance of sex differences in the
anthropometric parameters was tested by using the
student t-test. Pearson’s correlations between NC and
various variables by sex were done. All tests of
significance were two-tailed. To find the optimal,
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maximal sensitivity and specificity for NC, the receiver
output curve (ROC) analysis of cutoff points at
intervals of 0.5 or 1cm for NC against two levels of
BMI was performed. Maximal accuracy and PPV/NPV
closest to 1 were used for cutoff level determination. P
value of 0.05 was considered significant. Data were
analyzed using the SPSS computer program, version
16.0.

Results

There is insignificant sex difference in the
mean age. However, Men were highly significant
heavier, taller, and had larger WC, NC and waist: hip
ratio than the women in this sample, while women had
highly significant higher values of BMI and hip
circumference (Table1).

Table 1: Characteristics of the sample by sex(using t-test).

PPV/NPV, and 72% accuracy for men, and 76%
sensitivity, 55% specificity,0.90 PPV/NPV, and 65%
accuracy for women (Table 3, 4).

Table 3: Neck Circumference (cm) cutoff levels for determining

the overweight and obese men (BMI> 25 and > 30 Kg/m?) using
ROC analysis.

MEN Women P
N Mean SD N Mean SD

g%‘:rs) 2926 36.44 927 | 3792 36.82 1019 | 0.110
Wt(Kg) | 2705 837272  16.0952 | 3520  78.1515  16.0448 | 0.000
Htm) | 2014 1716670 6.9779 | 3788 150.2735  6.1852 | 0.000
WC(cm) | 2007 97.9219 138160 | 3786 942140  13.9991 | 0.000
g‘r‘:])c 2788 1065725 19.1641 | 3783 1135214  12.3792 | 0.000
NC(cm) | 2010 408412 39319 | 3782 395308  5.1329 | 0.000
BMI 2703 283195 49340 | 3528  30.8307  6.1925 | 0.000
(Kg/m?)

Waist/Hip

ratio 2785 09254 02275 | 3780 08206  0.087 | 0.000
(cm/cm)

Men
Cutoff Overweight Obese
Level Sen- 1- PPV/ Accu- Sen- 1- PPV/ Accu-
(cm) sitivity Spe- NPV racy sitivity Spe- NPV racy
(%) cificity (%) (%) cificity (%)
(%) (%)
30.5 100 100 0.50 50 100 100 0.50 50
315 100 100 0.50 50 100 100 0.50 50
325 100 99 0.50 51 100 99 0.50 51
335 100 97 0.54 51 100 97 0.51 51
345 100 93 0.55 53 100 93 0.53 54
355 99 83 0.58 58 99 83 0.57 58
36.5 97 71 0.64 63 99 71 0.61 64
37.75 93 55 0.73 69 97 55 0.68 71
38.25 83 40 0.86 72 94 40 0.77 77
38.75 83 40 0.87 72 94 40 0.77 77
39.25 71 28 1.01 72 87 28 0.89 80
39.75 71 28 1.01 72 87 28 0.89 80
40.25 59 17 1.16 71 79 17 1.03 81
40.75 59 17 1.16 71 78 17 1.04 80
415 48 11 1.29 69 69 11 1.17 79
425 35 7 1.41 64 54 7 1.32 73
43.5 26 5 1.51 61 43 5 1.44 69
445 18 3 1.60 58 31 3 1.57 64
45.5 13 2 1.64 55 22 2 1.65 60
46.5 8 2 1.59 53 14 2 1.68 56
475 5 1 1.59 52 10 1 1.70 54
48.5 3 1 1.51 51 5 1 1.68 52
49.5 1 1 1.26 50 2 1 1.52 51
50.5 1 1 1.1 50 2 1 1.39 50
51.5 1 1 1.10 50 1 1 1.40 50
525 1 1 0.99 50 1 1 1.28 50
53.5 0 0 0.79 50 1 0 1.09 50
54.5 0 0 0.79 50 0 0 1.18 50
55.5 0 0 0.66 50 0 0 1.04 50
56.5 0 0 0.49 50 0 0 0.84 50

N.B.: p< 0.01 = highly significant differences.

In bivariate analysis, a strong correlation was
found between NC and age, weight, height, waist and
hip circumferences, BMI and waist: hip ratio for men
and women (p, 0.0001) (Table 2). The strongest
correlation was found between NC and BMI (R? = 0.59
for men and 0.42 for women), followed by WC (R? =
0.54 for men and 0.37 for women). While the
correlation between NC and waist/ hip ratio was very
low (R? = 0.12 for men and 0.15 for women). So, the
recommended cut off points for BMI and WC only
were used as standards to predict the NC cut off
points.

Table 2. Pearson’s correlations between NC and various
variables and their statistical significance by sex.

NC
Men Women
Variables (n=2910) (n=3782)
r P r P

Age (years) 0.242** 0.000 0.231* 0.000
Wt (Kg) 0.573** 0.000 0.424* 0.000
Ht (cm) 0.080** 0.000 0.041** 0.000
WC (cm) 0.538** 0.000 0.369** 0.000
Hip C (cm) 0.273* 0.000 0.362* 0.000
BMI (Kg/m?) 0.587** 0.000 0.420* 0.000
Waist/Hip ratio (cm/ cm) 0.119** 0.000 0.151** 0.000

N.B.: p< 0.01 = highly significant differences.

NC 38.25 cm for men and 36.25 cm for
women were the best cutoff levels for determining the
overweight subjects with BMI > 25 kg/m?, using ROC
analysis with 83 % sensitivity, 60% specificity, 0.86

While NC 40.25 cm for men and 37.25 cm for
women were the best cutoff levels for determining
obese subjects with BMI > 30.0 kg/m? using ROC
analysis, with 79% sensitivity, 83% specificity, 1.03
PPV/NPV, and 81% accuracy were found for men and
79% sensitivity, 63% specificity, 0.91 PPV/NPT, and
71% accuracy for women (Table 3, 4).

Table 4: Neck Circumference (cm) cutoff levels for determining
the overweight and obese women (BMI> 25 and > 30 Kg/m?)
using ROC analysis.

Women

Cutoff Overweight Obese
Level Sen- 1- PPV/  Accu- | Sen- 1- PPV/  Accu-
(cm) sitivity Speci- NPV racy sitivity Speci- NPV racy

(%) ficity (%) (%) ficity (%)

(%) (%)

30.5 100 97 0.54 51 100 97 0.52 51
315 99 92 0.56 54 100 92 0.53 54
325 97 83 0.65 57 99 83 0.58 58
33.5 93 69 0.71 62 97 69 0.64 64
345 88 61 0.78 63 95 61 0.69 67
35.5 81 54 0.85 64 90 54 0.76 68
36.25 76 45 0.90 65 86 45 0.82 70
36.75 75 45 0.91 65 85 45 0.83 70
37.25 68 37 0.98 65 79 37 0.91 71
37.75 67 37 0.98 65 79 37 0.91 71
38.25 57 30 1.06 64 68 30 1.01 69
39.25 47 24 1.13 62 56 24 1.1 66
40.25 38 19 1.17 59 45 19 1.18 63
40.75 37 19 1.17 59 45 19 1.18 63
415 32 16 1.21 58 39 16 1.23 61
425 25 12 1.24 56 31 12 1.28 59
435 20 10 1.24 55 25 10 1.30 57
445 16 8 1.29 54 20 8 1.34 56
455 13 6 1.32 53 16 6 1.39 55
46.5 9 4 1.32 52 12 4 1.40 54
475 6 3 1.33 52 8 3 1.42 53
48.5 4 2 1.35 51 5 2 1.45 52
49.5 3 1 1.42 51 4 1 1.51 51
50.5 2 1 1.36 51 3 1 1.45 51
515 1 1 1.25 50 2 1 1.36 50
52.5 1 1 1.27 50 1 1 1.38 50
53.5 0 0 2.00 50 1 0 1.99 50
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Table 5: Neck Circumference (cm) cutoff levels for determining
the overweight and obese men (WC > 94 and > 102 Kg/m?)
using ROC analysis.

Men
Cutoff Overweight Obese
Level Sen- 1- PPV/  Accu- Sen- 1- PPV/  Accu-
(cm) sitivity ~ Speci- NPV racy sitivity ~ Speci- NPV racy
(%) ficity (%) (%) ficity (%)
(%) (%)
305 100 100 0.68 50 100 100 0.50 50
315 100 99 0.62 50 100 99 0.50 50
325 100 99 0.56 51 100 99 0.50 51
335 100 97 0.56 51 100 97 0.51 51
345 99 94 0.58 52 100 94 0.54 53
355 98 88 0.60 55 100 88 0.55 56
36.5 96 77 0.65 59 99 77 0.59 61
375 91 63 0.73 64 97 63 0.65 67
37.75 91 63 0.73 64 97 63 0.65 67
38.25 75 48 0.90 64 94 48 0.74 73
38.75 75 48 0.90 64 94 48 0.74 73
39.25 60 35 1.02 62 86 35 0.86 76
39.75 59 35 1.02 62 86 35 0.86 76
40.5 44 23 1.13 60 76 23 1.00 77
415 32 17 1.20 58 66 17 1.13 75
425 20 11 1.24 55 51 11 1.28 70
435 14 8 1.24 53 40 8 1.38 66
445 9 6 1.19 52 29 6 1.47 62
455 5 3 1.26 51 21 3 1.61 59
46.5 2 2 1.03 50 13 2 1.64 56
475 1 1 0.95 50 9 1 1.68 54
485 1 1 0.74 50 5 1 1.60 52
49.5 0 1 0.59 50 2 1 1.43 51
50.5 0 0 0.72 50 2 0 1.55 51
52 0 0 0.44 50 1 0 1.34 50
53.5 0 0 0.64 50 1 0 1.29 50

Using WC as standard for classification of
overweight and obesity (WC > 94 and 102 cm for men
and > 80 cm and 88 cm for women respectively), the
cutoff points of NC were found to be 38.25 cm for
overweight and 40.5 cm for obese men. Using ROC
analysis with 75 % sensitivity, 52% specificity, 0.90
PPV/NPV, and 64% accuracy for overweight men,
and 76% sensitivity, 77% specificity, 1.00 PPV/NPV,
and 77% accuracy for obese men were found (Table
5). While the best cut off points of NC for obese
women was 37.25 cm with 76 % sensitivity, 58%
specificity, 0.91 PPV/NPV, and 67% accuracy. ROC
curve could not predict certain cut off value for the
overweight women (Table 6).

Table 6: Neck Circumference (cm) cutoff levels for determining
the overweight and obese women (WC > 80 and > 88 Kg/m?)
using ROC analysis.

Discussion

Different body morphologies or types of fat
distribution are related to the health risks associated
with obesity. Neck circumference (NC) has been
proposed as a useful indicator to measure upper body
obesity in different studies in the past [3, 14-18].
These studies have shown that men with NC < 37 cm
and women with NC < 34 cm have a low body mass
index [14].

BMI and WC are indices of general and
central (visceral) obesity respectively, and are an
important first step in determining the level and
distribution of obesity [19]. BMI is a reasonable index
of fatness because it is simple, easy to determine,
inexpensive, safe, and practical. It has shown
reasonably good correlation with the direct measures
of fatness [20]. It is age and sex dependent when
used as an indicator of body fatness, although it is
ethnicity independent in black and white adults [21].
BMI should be used to assess overweight and obesity
and to monitor changes in body weight [1].

The cutoff values of WC for overweight and
obesity vary widely over different geographic regions
of the world. Furthermore, for WC, 'underweight' and
'normal weight' has not been properly defined as there
has been no mention in the literature of the lower limit
of normal WC. Therefore, in this study overweight-
and obesity-related variables were compared primarily
with BMI values.

The current research suggests the potential
value of measuring NC as an indicator of overweight
and obesity. The method has been around for a while,
but not utilized due to lack of proper research. So, the
present research is planned to determine if NC is a
valid measure of obesity in our population, because
NC measurement potentially has distinct cultural
advantages. Due to cultural inhibitions measurement
of hip, thigh or waist circumference is cumbersome in
females. The specific research questions for this
research are two-fold: one, to determine the reliability

Women .
Cutof Overweight Obese of NC as a measure of obesity as compared to BMI or
eve Sen- 1- PPV/  Accu- Sen- 1- PPV/  Accu- i i 0" i i
©m | sivty  Speck NPV raey | siviy  Speck NPV raey WQ or waist/hip _ratlo, and, tw_o, to identify the cutoff
(%) Ii;it)y %) | (%) Ii;it)y (%) points for overweight and obesity for adults using NC.
30.5 99 97 0.71 51 100 97 0.54 51 H H
315 | os o4 o84 a1 100 o4 oss 53 The results show a strong positive correlation
325 8 g8 100 50 % g8 o061 58 of NC with BMI and WC in both male and female
345 | 63 7 107 46 93 71 070 6t subjects. This study indicates that NC was associated
S A S s S S A with age, weight, waist and hip circumferences,
37.25 | 40 42 099 49 76 42 091 67 waist/hip ratio, and BMI for men and women. Thus, a
37.75 40 42 0.99 49 75 42 0.91 67 . g
3825 | 33 3 100 50 66 3 100 66 strong association was found between NC and
39.5 28 27 1.01 51 54 27 1.09 64 H H H H H
w08 | 23 2 101 %0 P % 115 a1 convenyonal over_we|ght and obeS|ty' indices. An
as 19 B0 %0 3 B 119 6 evaluation of subjects who were defined as false
435 1 12 098 50 25 12 126 57 positive or false-negative did not disclose any
prl A F S A SO significant pathology, including soft tissues, bones and
46.5 5 4 1.08 50 " 4 141 54 muscles in the neck region, or any other disease, for
47.5 3 3 0.91 50 8 3 1.39 52 . e . .
485 1 2 079 50 5 2 142 52 example, hypothyroidism, which may have influenced
49.5 1 1 0.83 50 4 1 1.48 51 f At H
08 1 1 083 =0 3 1 i e the association between NC and overweight or
51.5 1 1 1.08 50 2 1 1.54 51 obesity.
52.5 0 0 1.03 50 1 0 1.51 50
Various indices predict specifically
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intraabdominal fat, cardiovascular risk factors, and
disease. These include waist/hip circumference ratio
[22- 24], waist circumference [25, 26], abdominal
sagittal diameter [25, 27], the ratio of waist:thigh
circumference, and the ratio of waist:height or the
conicity index [27]. NC used in combination with other
measurements in a three-compartment model of
interpretable anthropometry separates the effects of
visceral adipose tissue mass, subcutaneous adipose
tissue mass, and subcutaneous adipose tissue
distribution on metabolic parameters under cross-
sectional and longitudinal conditions [7, 28] is also
related to cardiovascular risk factors in severely obese
men and women [6]. It seems, therefore, that with an
increase in NC, the likelihood of risk factors for
cardiovascular disease also increases.

NC >38.25 cm for men and > 36.25 cm for
women were the best cutoff levels for determining the
subjects with BMI > 25 kg/m?, using ROC analysis
with 83 % sensitivity, 60% specificity, 0.86 PPV/NPV,
and 72% accuracy for men, and 76% sensitivity, 55%
specificity, 0.90 PPV/NPV, and 65% accuracy for
women (Table 4, 5). While NC > 40.25 cm for men
and > 37.25 cm for women were the best cutoff levels
for determining subjects with BMI > 30.0 kg/m? using
ROC analysis, with 79% sensitivity, 83% specificity,
1.03 PPV/NPV, and 81% accuracy were found for
men and 79% sensitivity, 63% specificity, 0.91
PPVINPT, and 71% accuracy for women. These
findings indicate that NC can be used as a simple,
easy to perform, quick test that can be used to identify
overweight or obese patients. Although NC shows a
strong correlation with both overweight and obesity, it
is reasonable to consider it as a screening test. Men
with NC less than 38.25 cm and women with NC
36.25 cm do not require additional evaluation.
Patients above these levels require a more
comprehensive evaluation of their overweight or
obesity status.

Strengths and limitations. This study
adds to the current literature by showing that
neck circumference is a correlate of obesity
and overweight. Since obesity is not just
limited to urban and affluent society but also
affects the rural places and persons
belonging to the lower socio-economic strata.
US preventive service task force
recommends that all adults must be
screened for obesity to prevent morbidity and
mortality. And screening must be simple,
least cumbersome, noninvasive and easily
feasible like ~measurement of neck
circumference. In the current research data
were collected from Big Cairo area, 6
October City and Giza Governorates
including both urban and rural areas with

different socioeconomic strata. The limitation
is that neck circumference is a proxy for
upper-body fat; we did not have radiographic
measures to directly quantify this fat
deposition.

Implications for further research. Upper-body
fat deposition as in neck circumference is less
cumbersome, easily measured fat depot, which may
be an important predictor of obesity and overweight
ultimately leading to preventable risk like diabetes,
hypertension and metabolic syndrome. This fat depot
may lead to a better understanding of the differential
effects of adiposity in men and women. However
further studies are needed to examine the relationship
between neck circumference and obesity in
community setting and their correlations with obesity
co morbidities like cardio metabolic complications.

Conclusion: NC measurement is a simple and
timesaving screening measure that can be used to
identify overweight and obese adults. Using BMI and
WC as standards for obesity grading, men with NC
38.25 cm and women with NC 36.25 cm are
considered to be overweight. Adults with NC 40.25 cm
for men and 37.25 cm for women are considered to be
obese. So, Men with NC >38 cm and women with NC
> 36 cm require additional evaluation of overweight or
obesity status.
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