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Abstract

Objectives. The study aims to determine the cut off level of neck circumference that would correlate with abdominal
obesity, using waist circumference as the gold standard; and determine its relationship with metabolic syndrome among
high risk filipino patients.

Methods. A total of 425 high risk Filipino patients who sought consult at Makati Medical Center from the period of March
to October 2010 were qualified to participate in the study. Pertinent history, including blood pressure measurement and
anthropometric measurements such as height, weight, neck circumference and waist circumference were recorded;
after an 8 hour overnight fast, blood samples were sent for fasting plasma glucose, HDL cholesterol and triglyceride
levels.

Results. Neck circumference cut off levels of = 40cm for males and = 33.8cm for females showed a low sensitivity and
moderately high specificity for determining patients with abdominal obesity; 62.07% and 90.09% for males, 67.59% and
85.56% for females, respectively. In terms of determining patients with metabolic syndrome, it has a low sensitivity and
specificity. However, obese by neck circumference cut off levels showed significant association (p value <0.001) with
the component risk factors of metabolic syndrome, except for hypertriglyceridemia. Likewise, neck circumference also
showed a strong positive linear relationship with waist circumference.

Conclusion. Neck circumference showed a strong correlation with abdominal obesity, as well as with the component
risk factors of metabolic syndrome, and therefore with risk of cardiovascular disease. Above the NC cut off levels, its
predictive value for abdominal obesity is high; however, it has a poor ability to detect patients with abdominal obesity in
the general population and therefore, cannot be used as a screening test.
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Introduction

Obesity is emerging as a health epidemic around the
world. According to the Center for Disease Control and
Prevention, obesity is rapidly spreading across all regions
and demographic groups.'? Obesity is a hallmark of
affluence as seen in its high prevalence rate among
industrialized countries. This trend is starting to change
with recent survey results suggesting obesity is becoming
common among children and adults in developing
countries like the Philippines. According to the latest
survey conducted by the Food and Nutrition Research
Institute of the Department of Science and Technology
(ENRI-DOST), they found that obese Filipino women
outnumber the men. Those most at risk of being obese are
40-59 year-old adults.? While obesity and overweight may
not be relatively as high in the Philippines compared to US
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trends, a recent study that assessed the prevalence of the
metabolic syndrome (MS) in the Philippines found that
abdominal obesity was seen in approximately 17.7% of
Filipino men and 35.1% of Filipino women in the study.*
Various studies have shown that obesity is associated with
increased risk of coronary heart disease, diabetes,
hypertension and other chronic degenerative diseases.? 513

MS is a clustering of several metabolic factors that
increases the risk for atherosclerotic cardiovascular disease
(ASCVD) and diabetes mellitus (DM).
include dysglycemia, high blood pressure, elevated
triglyceride levels, low high-density lipoprotein (HDL)
cholesterol levels and obesity, in particular central
adiposity.* 1* Since the first official definition of the MS put
forward by a working group of the World Health
Organization (WHO) in 1999, a number of different

These factors
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definitions have been proposed. Although MS has several
definitions, including those by the International Diabetes
Federation (IDF) and the National Cholesterol Education
Program-Adult Treatment Panel III (NCEP-ATP III), for
the purpose of this study we will be using the criteria
modified by the American Heart Association/National
Heart, Lung and Blood Institute (NCEP/ATP III-
AHA/NHLBI). Using this criteria, the prevalence of MS in
the general population in the Philippines in 2003 to 2004
for adults aged 20 years and above, representing 42.6
million Filipinos, was 18.6%.*

In 1999 the WHO definition of MS included a measure of
obesity and defined obesity in terms of either body mass
index (BMI) or waist-to-hip ratio (WHR). The latest
definition is the one of the International Diabetes
Federation (IDF), which takes into account evidence that
abdominal obesity is the important component of the
metabolic syndrome'> and proposed waist circumference
as an indication of abdominal obesity.> 4 16-19

A simple measurement of waist size is a valuable
assessment tool for cardiovascular risk and a strong
diagnostic criterion for MS according to a study done by
James M. Rippe in collaboration with Weight Watchers
International. Stronger relationships between waist size
and HDL and total cholesterol to HDL ratio were found
compared with BMIL. The results confirmed the idea that
abdominal fat is linked with higher risk than being
generally overweight and also supported the use of BMI to
assess overall risk.®

BMI and waist circumference (WC) are two commonly
accepted anthropometric indices for predicting MS. Also
some studies report that WHR identifies patients with
abdominal obesity. However, WC has been suggested as
being a more practical measure of abdominal fat mass and
total body fat and is more closely correlated with
abdominal adipose tissue than WHR.56 1721 In a study by
Wang (2008) in a Chinese population aged 18-85 in China,
a comparative validation of three body stature measures,
WC, BMI and WHR were done to define which among the
3 measurements is most closely predictive of the non-
adipose components of the IDF definition of MS. The
study showed that WC is best able to discriminate MS, and
is a better predictor than BMI in men. WHR in both sexes
is a much weaker predictor.®

Jean Vague was the first to show that different body
morphologies 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, hyperinsulinemia, diabetes,
hypertriglyceridemia, gout, and uric calculous disease
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than is lower-body obesity.” 225 It is believed that the
association of abdominal obesity with cardiovascular
disease (CVD) risk factors of the MS was due to
accumulation of visceral fat volume. In 2005, the IDF
proposed a unified worldwide definition of the MS. In
this definition, central obesity was regarded as a
prerequisite and incorporated element with different WC
cut offs by gender and ethnicity, in which WC of 90cm and
80cm was set for Asians using the IDF worldwide
definition of MS.16

Waist circumference will be used as the gold standard in
this study to determine patients with abdominal obesity,
and thus consequently increased their risk for MS. In
newly published data by Salomon, et. al, they showed
that among males and females, visceral fat thickness
showed a strong and significant correlation with WC, and
a weak but significant correlation with MS. For males, the
minimum visceral fat thickness associated with MS was
17.70 mms, with a mean of 59.39 mms, and the minimum
WC associated with MS was 82.50 cms with a mean of
99.74 cms. For females, the minimum visceral fat
thickness associated with MS was 10.70 mms, with a mean
of 47.77 mms, and the minimum WC was 78.00 cms, with a
mean of 92.68 cms.?* The study involved 311 patients aged
40-65 years old who were admitted in the executive health
check-up program at the Makati Medical Center. WC was
taken as the circumferential measurement of the area at
the midpoint between the lower border of the last rib and
the iliac crest. MS was defined according to the 2009
revised criteria proposed by the International Diabetes
Federation (IDF), World Heart Federation, International
Atherosclerosis Society and National Heart, Lung and
Blood Institute (NHLBI)."* Likewise, in the study by
Balkau, et al, WC was used as a measure of abdominal
adiposity because of the close correlation between WC and
the amount of intra-abdominal fat observed by computed
tomography.°

Neck circumference (NC), an index of upper-body
subcutaneous adipose tissue distribution, was evaluated in
relation to cardiovascular (CV) risk factors by Sjo’stro'm et
al. The neck and thigh circumferences were used as
indices of upper- and lower-body subcutaneous tissue
distribution, respectively, in a three compartment body
composition model. This model of interpretable
anthropometry consisted of the visceral and subcutaneous
adipose tissue masses as well as the lean body mass. Even
after adjusting for these body compartments, NC, an index
of upper-body subcutaneous adipose tissue distribution,
At the
same time, thigh circumference was negatively related to
the risk factors.?®

was positively related to most CV risk factors.

All evidence suggests that abdominal fat carries a higher
health risk than peripheral fat, and that the visceral fat
component correlates the most strongly with increased
risk.  Whereas computed tomography and magnetic
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resonance imaging allow more precise measurement of
abdominal fat, they are impractical for routine clinical use.

Several tools that can be used to assess overweight and
obesity at primary care facilities include measurements of
weight, height, waist and hip circumferences, and
calculations of WHR and BMI. However, it is not always
practical to use these techniques, especially in busy
everyday primary care practice. Such is the case in the
local setting, particularly in community health centers and
barangays; where physicians and nurses are very limited
while patients are one too many. Some techniques would
necessitate longer time; even requiring removal of one’s
clothes in front of strangers, which in a conservative
society such as ours, would not be very comfortable and
would be frowned upon. And, as previously stated, other
procedures such as ultrasound, computed tomography
and magnetic 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 and quick method for the
assessment of obesity in primary care clinics in the local
setting. NC, an index of upper body obesity, is a simple
screening measure that can be used to identify patients
who have abdominal obesity.

In a previous study done by Liubov (Louba) and Laor in a
family medicine clinic in Israel in 2001, NC as an index of
upper-body obesity was found to be a simple and time-
saving screening measure that can be used to identify
overweight and obese individuals.?

Furthermore, in patients who are not ambulatory and
cannot tolerate standing position, especially in patients
admitted in intensive care units where height and weight
measurements cannot be done, NC measurements can take
their place. There are also limited epidemiological studies
on the clinical significance of NC with regards to its
association with obesity and increased risk of CV risk
factors that would require a more comprehensive
evaluation of their overweight and obesity status.

The purpose of the study is to determine whether
measurement of neck circumference (NC) can correlate
well with waist circumference measurement. And if so,
can it be used as a screening test for identifying patients
with abdominal obesity? The study also aims to establish
its" association with metabolic syndrome and its
component risk factors and to define the cut off levels of
neck circumference that would identify patients with
abdominal obesity.

7

Patient and Methods

Patient Population

An observational, analytical, cross-sectional study was
done. Sample population included high risk Filipino
patients who were admitted at Makati Medical Center for
any reason from the period of March 1 to October 31, 2010.

www.asean-endocrinejournal.org
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Patients were selected using simple random sampling by
lottery method.  Using the daily list of hospital
admissions, each patient was assigned a unique number.
The numbers were placed in a bowl, mixed thoroughly
and patients randomly handpicked by the
researcher. Inclusion and exclusion criteria were followed.
High risk patients included those patients who were at
high risk for obesity or with increased risks for
cardiovascular disease. He or she may satisfy any one of
the following inclusion criteria: adults > 18 years of age;
with strong family history for premature coronary artery
disease (CAD) (first degree relative with CAD by age 45
years old or younger) or presence of any one of the
components of MS defined as: WC >90cm in men or > 80
cm in women; triglycerides (TG) > 150mg/dl or on
treatment; HDL < 40mg/dL in men or < 50mg/dL in
women or on treatment; blood pressure (BP) > 130 mmHg
systolic and > 85 mmHg diastolic and fasting plasma
glucose(FPG) > 100 mg/dL, which includes type 2 DM.
Excluded were those patients with known major medical

were

conditions, active inflammatory and neoplastic disease;
established CVD (previous myocardial infarction (MI),
stroke or CAD) or with known thyroid dysfunction,
thyroid mass or nodules or any neck mass. A written
informed consent was obtained from all qualified study

subjects.
Methods

A total of 425 patients, 224 patients with abdominal
obesity and 201 patients without abdominal obesity were
qualified to participate in the study. Abdominal obesity
was defined as waist circumference (WC) >90 cm in men
or > 80 cm in women.

Anthropometric evaluation was performed only once by
the investigator during the patient’s hospital stay before
the first meal of the day. To minimize inter-observer
variability, all done by the
investigator. Body height and body weight were recorded
to the nearest 0.5cm and 0.1kg respectively using
properly calibrated Detecto® scales. Measurement of the
weight was done on an empty bladder, with the patient
standing barefoot at the center of the platform, unassisted
wearing minimal clothing. Minimal clothing is defined as
a single layer of thin clothing, excluding jeans or heavy
apparels. Height was measured with shoulders relaxed,
shoulder blade, buttocks and heels touching the board,
feet flat and heels almost together and on barefoot. Waist
and neck circumference measurements were done using a
standard non-stretchable plastic tape measure, which was
used for the entire duration of the study. WC was
measured to within 1 mm at the waist midway between
the lowest rib and the iliac crest, with the patient standing
at the end of gentle expiration. NC was measured at the
level of the cricoid cartilage in women, mid-neck height,
between the mid-cervical spine to mid-anterior neck, to
within 1T mm. In men with a laryngeal prominence
(Adam’s apple), NC was measured just below the

measurements were
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prominence.???* All circumferences were taken with the
subjects standing upright, shoulders relaxed and facing
the author. BMI was derived from body weight in
kilograms divided by the square of body height in meters.
Data collected include demographic information and a
brief medical history.

Blood pressure was measured twice using ALPK2® non-
mercurial sphygmomanometer with the arm supported at
heart level after sitting quietly for 10 minutes. The systolic
BP was defined as the appearance of the first sound
(Korotkoff phase 1) and diastolic BP was defined as the
disappearance of the sound (Korotkoff phase 5) during
deflation of the cuff. There was at least a 30 second
interval between the two separate measurements and
thereafter the mean of the two measurements was
considered as the participant’s BP.

Blood samples were drawn from the antecubital vein, after
at least 8 hours of overnight fasting. Blood samples were
sent to the laboratory of clinical biochemistry at Makati
Medical Center for analyses of blood glucose, serum
triglycerides and HDL-cholesterol on a Cobas® automated
clinical chemistry analyzer by means
biochemical procedures.

of standard

Definition of Terms

According to the modified criteria by the American Heart
Association/National Heart, Lung and Blood Institute
(NCEP/ATP III-AHA/NHLBI), MS is defined as the
presence of any 3 of the following 5 features: WC > 90cm
in men or > 80cm in women; TG > 150mg/dl or on
treatment; HDL < 40mg/dL in men or < 50mg/dL in
women or on treatment; BP > 130 mmHg systolic and > 85
mmHg diastolic and FPG > 100 mg/dL, which includes
those diagnosed with type 2 DM or on treatment.*

Abdominal obesity is defined as WC of more than or equal
to 90cm in men or more than or equal to 80 cm in women.

Under the Asia Pacific Guidelines for the classification of
obesity 2, a BMI of less than or equal to 18 is classified as
underweight; 18-22.9 is normal, 23-24.9 is overweight, 25-
29.9 is obese class 1, and a BMI of more than or equal to 30
is under obese class 2.

Statistical Analysis

Continous data were expressed as means and standard
deviations, and differences in means were tested using
two-sided ¢ tests. The differences of categorical data in
different groups were compared using Pearson’s Chi-
square tests.  Likelihood estimates (OR) and 95%
confidence intervals (CI) were obtained by use of logistic
regression analyses in models that adjusted for sex, age
and other confounders. Receiver operating characteristic
(ROC) curve combined with canonical
discriminant employed to

analysis

functions analysis was
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determine optimal sex-specific cut-off levels of NC in
relation to abdominal obesity. The optimal cut-off points
were determined by the point of convergence of sensitivity
and specificity, by simultaneously maximizing the two.
The Youden's Index (J), the maximum potential
effectiveness of a biomarker, is a summary measure of the
ROC curve used in the study to determine the optimal sex-
specific cut-off levels of neck circumference that would
correlate with abdominal obesity.

The area under the ROC curve (AURC) was used as a
general measure of discrimination of a predictor. A value
of p < 0.05 on the two-tail test was considered statistically
significant.

Results
Characteristics of the Study Population

A total of 425 patients, 227 males and 198 females,
participated in the study. Of the 425 patients, 224 patients
were obese by abdominal circumference, while 201
patients were not obese by abdominal circumference.
Table 1 depicts the demographic profile and clinical
characteristics of the study population. The mean age of
the study population was 49.35 + 11.26 years with
predominance of males over females. The study
population belonging to the obese group were heavier,
had a larger WC and a higher BMI. Most of the patients in
the obese group fall under the obese class 1 classification
(563.6%, 120 out of 224 patients) as compared to the non-
obese group, who are mostly classified under normal
(39.3%, 79 out of 201 patients).

The difference of the mean levels of fasting TG, although
higher and slightly more frequent in the obese arm, was
not statistically significant. Reduced HDL-cholesterol was
observed to be more frequent in the obese group than in
the non-obese group (34.8% vs. 23.4%, p value < 0.05).
There were also more patients with elevated fasting
plasma glucose or previously diagnosed with type 2 DM
in the obese group (42% vs. 23.4%, p value < 0.001). The
mean BP of patients in the obese group was also higher at
12629 + 12.71/82.28 + 7.26 mm Hg, p value < 0.001.
Consequently, more patients satisfied the criteria of
metabolic syndrome in the obese group as compared to
the non-obese group, 57.1% and 12.4% respectively. (Table
1 and 2)

Cut off levels of NC for determining abdominal obesity
using ROC analysis

In the study population, NC > 40cm for males and >
33.8cm for females were the best cut-off levels for
determining patients with abdominal obesity (WC > 90cm
in males/80cm in females) using ROC analysis with 62.07%
sensitivity, 90.09% specificity and 75.77% accuracy for
males and 67.59% sensitivity, 85.56% specificity and
75.76% accuracy for females. The optimal cut-off points
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Table1. Clinical characteristics of the study population

Neck Circumference as a Screening Measure for Abdominal Obesity

Abdominal Obesity (waist circumference 2 90cm in males/80 cm in females)

Total, n= 425 Obese group, n= 224 Non-obese group, n=201
Mean +/- SD Mean +/- SD Mean +/- SD
Age in years 49.35+11.26 50.65 + 11.28 47.91 £ 11.09
Gender
Males 227 (53.4%) 116 (51.8%) 111 (55.2%)
Females 198 (46.6%) 108 (48.2%) 90 (44.8%)
Height in cm 162.11 £ 9.07 162.33 £ 9.13 161.86+£14.21
Weight in kg 68.14 £ 13.24 73.82+12.98 61.81£10.37
Body Mass Index (BMI)
Underweight <18 5(1.2%) 0 5(2.5%)
Normal 18-22.9 92 (21.6%) 13 (5.8%) 79 (39.3%)

Overweight 23-24.9
Obese class 1 25-29.9
Obese class 2 2 30

97 (22.8%)
173 (40.7%)
58 (13.6%)

Average BMI 25.80 + 3.87
Waist Circumference in cm 88.14 £ 10.63
Neck Circumference in cm 36.39 + 3.81

Hypertriglyceridemia_
Low HDL cholesterol .
Elevated Fasting Glucose

137 (32.2%)
125 (29.4%)
141 (33.2%)

Hypertension . 231 (54.4%)
Metabolic Syndrome 153 (36.0%)
Smoker 122 (28.7%)

Alcoholic Drinker 167 (39.3%)

34 (15.2%)
120 (53.6%)

63 (31.3%)
53 (26.4%)

57 (25.4%) 1 (0.5%)
27.89 + 3.68 2347 £2.52
95.06 + 8.73 80.43 + 6.43
37.69 + 3.81 34.95 + 3.27
78 (34.8%) 59 (29.4%)

78 (34.8%) 47 (23.4%)
94 (42.0%) 47 (23.4%)
145 (64.7%) 86 (42.8%)
128 (57.1%) 25 (12.4%)
73 (32.6%) 49 (24.4%)
95 (42.4%) 72 (35.8%)

*Hypertriglyceridemia is defined as triglyceride levels = 150mg/dl or on treatment; low high density lipoprotein (HDL) cholesterol level is defined as <
40mg/dL in men or < 50mg/dL in women or on treatment; Elevated fasting glucose defined as fasting plasma glucose of = 100 mg/dL, which includes
those diagnosed with type 2 DM or on treatment and hypertension is defined as BP 2 130 mmHg systolic and = 85 mmHg diastolic

* Metabolic syndrome is defined as any 3 out of the 5 criteria, using the definition above for hypertriglyceridemia, hypertension, low HDL cholesterol,
elevated fasting plasma glucose, including waist circumference levels above or equal to 80cm for women and 90cm for men.

Table 2. Mean values of the metabolic risk factors of the study population

Total, n=425 Obese group, n= 224 Non-obese group, n=201 p value
Mean +/- SD Mean +/- SD Mean +/- SD
Fasting Triglycerides in mg/dL 137.53 + 80.08 144,12 + 73.26 130.19 + 86.63 0.073
High density lipoprotein 52.46 + 15.35 50.85 + 15.66 54.26 + 14.83 <0.05
(HDL) cholesterol in mg/dL

Fasting plasma glucose in mg/dL 102.23 + 32.53 106.58 + 37.63 97.38 + 24.88 <0.05
Systolic Blood Pressure in mmHg 123.81+ 13.78 126.29 + 12.71 121.04 £ 14.40 <0.001
Diastolic Blood Pressure in mmHg 80.99 + 8.01 82.28 +7.26 79.55 + 8.56 <0.001

were determined by the point of convergence of sensitivity
and specificity, by simultaneously maximizing the two.
The Index (J)) the maximum potential
effectiveness of a biomarker, is a summary measure of the
ROC curve that was used to determine the optimal NC cut
off points. (Table 3) The receiver operating characteristic
curve analysis was used for each neck circumference value
by plotting the true positive rate (sensitivity) against the
false positive rate (1-specificity) to determine the optimal
cut off levels, area under the curve is 0.831 (p value < 0.001
in both males and females). (Figure 1)

Youden’s

Logistic regression analysis showed that neck
circumference if positive, has a good probability of
determining abdominal obesity in both genders, for every
1 standard deviation increment in NC, the unit odds ratio
in males corresponded to 1.87, and 1.94 in females (p value
< 0.001). (Figure 2) Neck circumference is a contributing
factor to more than half of the variability of waist
circumference and has a moderately strong positive linear
relationship with waist circumference, r =0.74, p value <

0.001. (Figure 3)

Association of obese by NC and the individual components
of MS

Patients who are obese by NC, using cut off levels of more
than or equal to 40cm for males and 33.8cm for females

www.asean-endocrinejournal.org

respectively, showed a significant correlation with low
HDL-cholesterol level, high BP and elevated FPG or the
presence of DM. Hypertriglyceridemia did not show
significant relationship with NC. The odds of
hypertension among patients who are obese, using NC
(240cm/ 33.8cm) as our parameter, is 1.8 times higher than
those who are non-obese; as with low HDL-cholesterol
which was found to be 2.05 times higher than non-obese.
Likewise, type 2 DM or elevated FPG of more than or
equal to 100mg/dL was associated significantly with a
2.28-fold increased likelihood among obese patients. In
terms of BMI, patients who are obese using the Asia
Pacific Guidelines (BMI of more than or equal to 25)
showed a significant correlation with obese by NC, p
value of <0.001. On the other hand, excluding the criteria
of abdominal obesity, obese by NC showed a significant
relationship with 2 out of the 4 components of MS, as well
as 3 out of the 4 components of MS, namely: elevated
fasting TG, hypertension, low HDL levels, and elevated
FPG or the presence of type 2 DM, with p value of <0.001
and 0.001, respectively. (Table 4)

In our study, about 57.1% or 128 out of 224 patients
classified with abdominal obesity (WC > 90cm in men or >
80cm in women) satisfied the criteria of MS. (Table 1)
Among males, NC of > 40cm emerged as the optimal cut-
off level for abdominal obesity, showing a predictive
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Figure 1. Receiver Operating Characteristics curves (ROC) related to abdominal obesity (waist circumference = 90cm/ 80 cm)

and neck circumference in males and females
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Figure 2. Logistic regression analysis of abdominal obesity by Neck Circumference (NC)
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Figure 3. Linear regression analysis of Waist Circumference (WC) by Neck Circumference (NC)
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accuracy of 69.16% for MS. The chosen cut off level for
females of > 33.8 cm also yielded predictive accuracy of
69.7% and 75.75% for both MS and abdominal obesity,
respectively. (Table 5) In comparison, waist circumference
or abdominal obesity as a predictor of MS has a relatively
better sensitivity of 82.6%, and specificity of 64.7%,
respectively.

Discussion

There are various indices that predict specifically intra-
abdominal fat, cardiovascular risk factors and disease.
These include waist:hip circumference ratio (WHR)> $,
waist circumference (WC)>89111721, 1-34  abdominal sagittal
diameter(SAD)%%, the ratio of waist:thigh circumference?.
Recently it was shown that WC and SAD show closer

Neck Circumference as a Screening Measure for Abdominal Obesity

association with visceral abdominal adipose tissue
accumulation than WHR does.?2° Moreover, the WC and
the SAD appeared to be more closely associated with the
metabolic variables than the WHR.?® They also found out
that free fatty acid release from upper body subcutaneous
fat was larger than that from lower-body subcutaneous fat,
a fact that further strengthens the relevance of measuring
upper-body subcutaneous adipose tissue depots.?> WC is
therefore widely used as an indirect measure of visceral
adipose tissue (VAT); while it is a well-validated
anthropometric  technique,51417212834  there is high
measurement variability which rises with increasing
BMI.® On the other hand, BMI predictably correlated with
abdominal subcutaneous adipose tissue ASAT (p = 0.002)
but not VAT nor any index of insulin resistance in a study
by Yang and colleagues.®

Table 3. Neck Circumference (NC) cut off levels for determining subjects with abdominal obesity [Waist Circumference
(WC) of 2 90cm (males), 280cm (females)] using Receiver Operating Characteristic (ROC) Curve analysis

Males Females
Cutoff Level Sens Spec Accuracy Youden Cutoff Level Sens Spec Accuracy Youden

(cm) index (cm) index
. 0.00% 100.00% 48.90% 0.0000 . 0.00% 100.00% 45.45% 0.0000
49 0.86% 100.00% 49.34% 0.0086 42 0.93% 100.00% 45.96% 0.0093
47 1.72% 100.00% 49.78% 0.0172 41 1.85% 100.00% 46.46% 0.0185
46 3.45% 100.00% 50.66% 0.0345 39.5 2.78% 100.00% 46.97% 0.0278
45.5 5.17% 100.00% 51.54% 0.0517 39 6.48% 100.00% 48.99% 0.0648
44.5 6.03% 100.00% 51.98% 0.0603 38.5 8.33% 100.00% 50.00% 0.0833
44 9.48% 100.00% 53.74% 0.0948 38 15.74% 100.00% 54.04% 0.1574
43.5 12.07% 100.00% 55.07% 0.1207 37.5 15.74% 98.89% 53.54% 0.1463
43 20.69% 100.00% 59.47% 0.2069 37 20.37% 98.89% 56.06% 0.1926
42.5 22.41% 100.00% 60.35% 0.2241 36.5 25.00% 97.78% 58.08% 0.2278
42 28.45% 100.00% 63.44% 0.2845 36 36.11% 96.67% 63.64% 0.3278
41.5 30.17% 99.10% 63.88% 0.2927 35.5 38.89% 95.56% 64.65% 0.3444
41 43.97% 97.30% 70.04% 0.4126 35 49.07% 93.33% 69.19% 0.4241
40.5 47.41% 97.30% 71.81% 0.4471 34.5 54.63% 93.33% 72.22% 0.4796
40.25 48.28% 97.30% 72.25% 0.4557 34 66.67% 85.56% 75.25% 0.5222
40 62.07% 90.09% 75.77% 0.5216 33.8 67.59% 85.56% 75.76% 0.5315
39.5 63.79% 88.29% 75.77% 0.5208 33.5 70.37% 82.22% 75.76% 0.5259
39 75.86% 75.68% 75.77% 0.5154 33 77.78% 65.56% 72.22% 0.4333
38.5 77.59% 68.47% 73.13% 0.4605 325 84.26% 60.00% 73.23% 0.4426
38 88.79% 49.55% 69.60% 0.3834 32 92.59% 46.67% 71.72% 0.3926
37.5 90.52% 44.14% 67.84% 0.3466 315 95.37% 41.11% 70.71% 0.3648
37 95.69% 27.03% 62.11% 0.2272 31 97.22% 30.00% 66.67% 0.2722
36.5 95.69% 22.52% 59.91% 0.1821 30.5 97.22% 21.11% 62.63% 0.1833
36 97.41% 15.32% 57.27% 0.1273 30 99.07% 2.22% 55.05% 0.0130
35.5 97.41% 14.41% 56.83% 0.1183 29 100.00% 0.00% 54.55% 0.0000
35 97.41% 10.81% 55.07% 0.0822 29 100.00% 0.00% 54.55% 0.0000
34.5 97.41% 7.21% 53.30% 0.0462 0.0000
34 98.28% 5.41% 52.86% 0.0368 0.0093
33 99.14% 1.80% 51.54% 0.0094 0.0185
32.5 99.14% 0.90% 51.10% 0.0004 0.0278
31.5 99.14% 0.00% 50.66% -0.0086 0.0648
31 100.00% 0.00% 51.10% 0.0000 0.0833
31 100.00% 0.00% 51.10% 0.0000 0.1574

*cut off levels of neck circumference in male and females highlighted in red

Table 4. Associations of obese by neck circumference with the individual components of Metabolic Syndrome (MS) and

Body Mass Index (BMI)

Obese by neck circumference ( males240cm/ females 233.8cm)

Pearson’s Chi- square (p value) 95% CI Odds Ratio Estimate
Fasting Triglyceride 2 150mg/DI 0.165 0.89-2.02 1.34
HDL cholesterol < 40/50mg/dL 0.001 1.35-3.14 2.05
Hypertension 2 130/85mmHg 0.003 1.21-2.68 1.80
Presence of type 2 Diabetes or FPG 2 100mg/dL <0.001 1.51-3.45 2.28
**2 out of 4 components of MS <0.001 1.76-3.90 2.62
**3 out of 4 components of MS 0.001 1.43-3.90 2.36
*MS (3 out of 5 components) <0.001 3.093-7.227 4.728
Obese by BMI ( BMI 225) <0.001 6.40-16.80 10.38

Abbreviations: HDL, high-density lipoprotein, FPG, fasting plasma glucose. Significant values indicated in bold.

*Metabolic syndrome as defined by NCEP/ATP Ill-AHA/NHLBI, involving 3 out of 5 criteria listed below as follows: elevated triglyceride levels, low HDL cholesterol,
hypertension, and presence of type 2 Diabetes or elevated fasting plasma glucose, including waist circumference 290cm in males and 280cm in females.

**Metabolic syndrome as defined by NCEP/ATP Ill-AHA/NHLBI not including waist circumference as a parameter
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Table 5. Sensitivity, specificity and predictive accuracy of
optimal cut-offs of neck circumference for abdominal

obesity and metabolic syndrome
Neck Circumference cut off for Neck circumference cut off for
males 240cm females 233.8 cm
Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy
For Abdominal Obesity = 90cm / 80cm

62.07% 90.09% 75.77% 67.59% 85.56% 75.75%
For Metabolic Syndrome
57.1% 77.2% 69.16% 75.80% 66.90% 69.70%

NC used in combination with other measurements in a
three compartment model of interpretable anthropometry
separates the effects of visceral adipose tissue mass,
subcutaneous tissue mass and subcutaneous adipose
tissue distribution on metabolic parameters under cross-
sectional and longitudinal conditions.?* These observations
indicate that NC as an index of upper body fat distribution
can be used to identify overweight and obese patients.? 30
Moreover, NC was a better direct predictor of visceral
adipose tissue area than WC which is in keeping with the
previous observation that as BMI increases waist
circumference becomes a weaker marker of visceral
adipose tissue in markedly obese patients.3233

As main findings in this cross sectional study among high
risk Filipino patients admitted in Makati Medical Center,
we found that NC cut off levels of > 40cm for males and >
33.8 cm for females was well correlated with abdominal
obesity (WC 2= 90cm/80cm). NC is a contributing factor to
more than half of the variability of waist circumference
and has a moderately strong positive linear relationship
with waist circumference providing Dbasis the
relationship of neck circumference as a measure for central
obesity. NC cut off levels has a high specificity and
therefore a high positive predictive value for determining
patients with abdominal obesity in both genders, however,
with its low sensitivity indices; it has a poor ability to
detect patients with abdominal obesity in the general
population and therefore will not be a reliable screening
measure.

for

In a similar study by Liubov (Louba) and Laor in a family
medicine clinic in Israel in 2001, NC cut off levels of >
37cm for males and > 34cm for females correlated with a
higher body mass index BMI. Patients above these levels
required a more comprehensive evaluation of their
overweight and obesity status.?

The Third Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults highlights
the importance of treating patients with MS to prevent
cardiovascular diseases.* A major contribution of our
present report lies in the indication of the association
between NC and the factors of the MS. Using NC cut off
levels of > 40cm for males and > 33.8cm for females, a
strong association exists between obese by NC and the
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individual risk factors of Metabolic Syndrome (MS).
Despite NC cut off levels being poor predictors of
metabolic syndrome, the significant association between
NC and the individual components of MS shows the
increased probability or likelihood that patients who are
obese by neck circumference will also have high blood
pressure, diabetes, low HDL levels and increased
abdominal girth.

Our study has shown that the odds of developing
hypertension and diabetes among high risk patients are
almost doubled with the finding of an enlarged neck. Also
the risk of having low-HDL cholesterol is doubled as
compared with non-obese (by NC) patients. With these
results, the likelihood of satisfying the criteria for MS (3
out of 5) based from the NCEP/ATP III-AHA/NHLBI* is
more than quadrupled (OR 4.728, p value <0.001).
similar subset of the mentioned group by Liubov (Louba)
and Laor, higher NC was found to correlate positively
with the factors of the MS.24

Ina

The result of our study is also supported by the study of
Yang and colleagues in 2009 which determined that NC
correlated highly with VAT area (r 2 = 0.67, p < 0.0001) but
not with ASAT area indicating that it is both a powerful
and selective marker of visceral adiposity. Also it
provides further evidence that the cellular programme for
laying down cervical adipose tissue is related to intra-
abdominal fat accumulation.3? Furthermore, our data are in
keeping with new data from the Framingham Heart Study
presented at the recent American Heart Association’s
Cardiovascular Disease Epidemiology and Prevention
annual conference which showed that increasing NC was
correlated with increasing FPG and other parameters of
the MS.%

Limitations and Recommendations

There are several potential limitations of our study. First,
since our study is cross-sectional, we cannot draw
conclusions about cause and effect relationships. Second,
our research, being a pilot study, has a limited study
population. Our study population was limited only to
adult high risk urban Filipinos; thus, our results may not
be representative of the general population but should
apply to this specific sub-set of the Filipino population.
Evaluation of neck circumference based on a single
measurement might be considered a minor limitation.

From this study, we were able to determine the cut-off
values for the neck circumference that correlates with
abdominal obesity in adult urban Filipinos at risk for
metabolic syndrome and cardiovascular disease. We then
recommend that further research, involving large
population based studies, be done to validate these
findings. Consequently, we hope that the data obtained in
this initial investigation be utilized by study groups
focusing on obesity and/or metabolic syndrome; and be
used in future research re-evaluating recommendations for

www.asean-endocrinejournal.org
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Filipinos at risk for Metabolic Syndrome and abdominal
obesity.

Conclusion

Neck circumference cut off levels of > 40cm for males and
> 33.8cm for females showed a strong correlation with
abdominal obesity, as well as with the component risk
factors of metabolic syndrome, and therefore is correlated
with risk of cardiovascular disease. Above the NC cut off
levels, its predictive value for abdominal obesity is high;
however, it has a poor ability to detect patients with
abdominal obesity in the general population. In view of
these findings, the authors cannot recommend the use of
neck circumference measurement as a screening test for
abdominal obesity in the general population.
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