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Strengths and limitations of this study

►► To our knowledge, this is the first study that directly 
evaluates the performance of neck circumference to 
predict a moderate/high cardiovascular risk in the 
general population.

►► The study adds local cut-off points for neck 
circumference.

►► The study does not include an imaging examination 
to ensure the correlation between neck circumfer-
ence and the upper subcutaneous fat.

►► This is a cross-sectional study, so it is not possible to 
ensure a temporal association.

Abstract
Objectives  Neck circumference has emerged as a predictor 
of obesity and metabolic syndrome, but its clinical usefulness 
for different groups of population is not clearly defined. 
The aim is to evaluate the predictive capacity of neck 
circumference in order to detect cardiovascular risks (CVRs) 
on the Chilean population and to compare it with waist 
circumference performance.
Design  Cross-sectional study.
Setting  General Chilean population.
Participants  Data of 4607 adults aged 18 and over from 
the Chilean National Health Survey 2009–2010 were 
analysed.
Primary and secondary outcome 
measures  Anthropometrics measures included neck and 
waist circumference, height and weight. CVR was identified 
according to the Framingham tables adapted for the Chilean 
population. Receiver operating characteristics curves and 
logistic regression models were made to evaluate the 
performance of neck circumference to predict a moderate/
high CVR, comparing it to waist circumference.
Results  Almost 10% of the sample had a moderate 
or high CVR. The probability of having a moderate/high 
cardiovascular risk increase with cervical obesity (OR 1.95, 
95% CI 1.04 to 3.68) and central obesity (OR 4.5, 95% 
CI 2.47 to 8.22). The area under the curves were high for 
cervical obesity (AUC 81.4%, 95% CI 78.8% to 84.0%) and 
central obesity (AUC 82.2%, 95% CI 79.7% to 84.7%) and 
not statistically different (p=0.152).
Conclusions  Neck obesity has a high capacity to predict 
moderate/high CVR in the Chilean population. Its good 
performance appears as an opportunity to use it in clinical 
practice when waist circumference measurement is difficult 
to measure and eventually replace the waist circumference 
measurement as the technique is easier.

Introduction
A systematic increase regarding cardiovascular 
risk (CVR) factors has been observed during 
the last decade in Chile as cardiovascular 
diseases are the main cause of death among 
the Chilean population. According to prelimi-
nary results from the Chilean National Health 
Survey (NHS) 2016–2017, 71% of the popu-
lation suffers malnutrition due to overweight, 

27.9% have suspected arterial hypertension 
(self-reported, antihypertensive treatment or an 
average of three blood pressures >140/90) and 
12.3% have suspected type 2 diabetes mellitus 
(fasting glycaemic ≥126 mg/dL), showing 
gender differences.1

The mathematical models that estimate 
CVR quantitatively in literature are numerous, 
and the Framingham equations are the most 
known.2 In 2009, Framingham’s CVR tables 
were developed for the Chilean population, 
which estimated the possibility of suffering a 
coronary event or stroke in a 10-year period for 
people between 35 and 74 years without a history 
of a previous cardiovascular event.3 The tables 
classify the levels of risk in three categories: high 
(≥10% chance), medium (5%–9% chance) 
and low (<5% chance). According to the NHS 
2016–2017, 25.5% of the population has a high-
risk chance, showing a 7.8% increase compared 
with the NHS 2009–2010. Nevertheless, as the 
methodologies in both surveys and the age 
spectrum were different, the data gathered 
cannot be compared.

Central obesity has been described as a 
better metabolic and CVR predictor than the 
determination of obesity through a body mass 
index (BMI) analysis,4–7 as abdominal obesity 
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Table 1  Sample characteristics

Both genders
(n=4607)

Men
(n=1830)

Women
(n=2777) P value*

Age mean (SD) 47.6 (17.8) 47.5 (17.5) 47.7 (18.0) 0.877

Educational level n (%)

 � Low 1261 (27.5) 462 (25.3) 799 (28.9) 0.029

 � Middle 2434 (53.0) 995 (54.5) 1439 (52.0)

 � High  � 896 (19.5) 368 (20.2) 528 (19.1)

Cardiovascular risk n (%)

 � Low 2246 (90.1) 817 (79.9) 1429 (97.2) <0.001

 � Moderate 217 (8.70) 176 (17.2) 41 (2.80)

 � High 30 (1.20) 30 (2.90) 0 (0.00)

Diabetes mellitus n (%) 278 (6.30) 125 (7.20) 153 (5.80) 0.040

Arterial hypertension n (%) 1220 (26.7) 538 (32.3) 637 (23.1) <0.001

Smoking n (%) 1619 (35.3) 708 (38.8) 911 (32.9) <0.001

Obesity n (%) 1367 (30.0) 441 (24.4) 926 (33.8) <0.001

Cervical obesity† n (%) 1757 (38.1) 652 (35.6) 1105 (39.8) 0.002

Central obesity n (%) 3394 (74.1) 1223 (67.2) 2171 (78.7) <0.001

*Wilcoxon-Mann-Whitney test or Fisher's exact test.
†Cut-off values based on ROC curves.
ROC, receiver operating characteristics.

possesses a better correlation with the visceral fat mass.8–10 
Because of this, it has been used for many years as an easy 
tool to evaluate CVR in clinical practice.11 Nonetheless, 
its measurement can be affected by bloating provoked by 
certain food, the subject’s air inhalation, the tape measure 
and the implemented technique,12 considering the five 
conceived techniques for its measurement.13

Neck circumference is regarded as a promising tool to 
detect CVRs as it possesses a better correlation with the 
body’s upper trunk fat.14 15 The neck circumference is an 
easily accessible, non-invasive and economic measure that 
does not change during the course of the day.16 17 Even 
though there is still some missing evidence to establish the 
relationship between cervical obesity and CVR, it has been 
observed that the body’s upper trunk fat accumulation is 
related to metabolic syndrome in children and adults.17–20 It 
is also associated with the obstructive sleep apnoea syndrome 
(OSAS),21 22 which increases CVR due to the deterioration 
of the endothelial function caused by repeated hypoxia.23

Evidence suggests that the measurement of neck circum-
ference could contribute to clinical practice as a comple-
mentary procedure apart from the procedure currently 
used to determine CVRs.24 25 That is why this research is 
looking forward to the predictive capacity of neck circum-
ference for the Chilean population in order to detect CVRs 
and compare it with waist circumference.

Material/subjects and methods
Design and sample
A cross-sectional study was carried out with the data gath-
ered from the Chilean NHS 2009–2010.26 Initially, all 
adults aged 18 and over were included, excluding the ones 

that did not have their neck circumference measured and 
the ones who presented a measurement lower than 25 cm 
or higher than 60 cm, as these values were considered 
extreme and unlikely for neck circumference.

Patient and public involvement
There were no patients or public involved in this study.

Variables and measurements
Neck circumference was measured under the laryngeal 
prominence on men and from the middle point between 
the base of the neck and the upper part of the sternum 
on women, while waist circumference was measured from 
the middle point between the rib flange and the iliac 
crest following the midaxillary line. Central obesity was 
defined as having a waist circumference >80 cm for women 
and  >90 cm for men, according to the technical norms 
provided by the Chilean Health Ministry (MINSAL).27 
Both measures were made by trained nurses.

CVR was identified according to the Framingham 
tables adapted for the Chilean population,28 based on 
gender, age, diabetes mellitus diagnosis, smoking condi-
tion, blood pressure, total cholesterol and high-density 
lipoprotein (HDL) cholesterol. For the statistical analysis, 
this variable was dichotomised on low CVR and medium/
high CVR.

As for the categorisation of the sample for the predic-
tive analysis, variables regarding sex, educational level 
categorised according to the school years (low: <8, 
medium: 8–12, high: >12) and obesity (BMI ≥30 kg/m2) 
were considered.
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Figure 1  ROC curves for the prediction of moderate/high 
cardiovascular risk by neck and waist circumferences in 
(A) men and (B) women. AUC, area under the curves; ROC, 
receiver operating characteristics.

Table 2  Sensitivity and specificity of cervical and central obesity to predict moderate/high cardiovascular risk, by gender

Men Women

Cut-off
(cm)

Sensitivity
%

Specificity
%

Cut-off
(cm)

Sensitivity
%

Specificity
%

Cervical obesity 37 86.4 20.6 32 97.6 12.9
Central obesity 90 82.8 37.7 80 97.6 23.2

Statistical analysis
Receiver operating characteristics curves were obtained 
for neck and waist circumferences as predictors of 
moderate/high CVR. Cut-off points for cervical obesity 
in both genders were selected based on the best perfor-
mance of neck circumference to predict moderate/high 
CVR. Sensibilities and the specificities of cervical and 
central obesity as predictors of moderate/high CVR were 
compared.

Additionally, the probability of moderate/high CVR 
due to cervical or central obesity conditions was anal-
ysed by using two models of logistic regression. The first 
one considered cervical obesity as an explicative vari-
able (model 1), whereas central obesity was considered 

for the second one (model 2). Both models considered 
gender, educational level and obesity as covariables. The 
area under the curve (AUC) was compared using the X2 
test for AUC equality. For all the analyses, a 0.05 signif-
icance level and the corresponding expansion factors 
were considered. Data were analysed using STATA V.12.0 
software.

Ethical issues
The present study is based on the analysis of the data 
resulting from the NHS 2009–2010, without direct inter-
vention in human beings. The survey included the appli-
cation of informed consent and information about the 
results of laboratory tests to individuals. The NHS data-
base is anonymised and openly available in the Chilean 
Ministry of Health web page.29

Results
The NHS sample was formed by 5069 adults, but 423 
were excluded because they did not have their neck 
circumference measured and 39 due to extreme values. 
Hence, the analysed sample consisted of 4607 individ-
uals, with a mean age of 47.6 years and predominately 
women (60.3%). Almost 10% had moderate or high CVR 
(table 1).

For men, waist circumference had a better capacity to 
predict moderate/high CVR than neck circumference 
(AUC 0.67, 95% CI 0.39 to 0.71 vs AUC 0.58, 95% CI 
0.53 to 0.62, p<0.001). However, for women, the differ-
ence was not significant (AUC 0.70, 95% CI 0.64 to 0.77 
vs AUC 0.66, 95% CI 0.58 to 0.74, p<0.197), indicating 
a similar performance to predict moderate/high CVR 
between both measures (figure 1). Based on these anal-
yses, the best performance of neck circumference to 
predict moderate/high CVR was obtained with cut-off 
points of 37 cm for men and 32 cm for women. Compared 
with waist circumference, neck circumference showed a 
higher sensitivity in men (86.4% vs 82.8%) and a similar 
sensitivity in women (97.6%), but lower specificities in 
both genders (table 2).

Cervical or central obesity increases the probability of 
having moderate/high CVR compared with the popula-
tion without these conditions. However, the CIs overlap 
(OR 1.95, 95% CI 1.04 to 3.68 for cervical obesity and 
OR 4.5, 95% CI 2.47 to 8.22 for central obesity) and both 
models had an AUC of over 80%, with a non-significant 
statistical difference between them (equity AUC test: 
p=0.152) (table 3).
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Table 3  Adjusted performance of cervical and central obesity to predict moderate/high cardiovascular risk

Model 1 Model 2

OR P value OR P value

Sex

 � Men 1 – 1 –

 � Women 0.09 (0.05 to 0.17) <0.001 0.08 (0.04 to 0.16) <0.001

Educational level

 � Low 1 – 1 –

 � Middle 0.22 (0.13 to 0.38) <0.001 0.22 (0.13 to 0.39) <0.001

 � High 0.12 (0.06 to 0.27) <0.001 0.13 (0.06 to 0.27) <0.001

Obesity 1.86 (1.09 to 3.17) 0.022 1.31 (0.76 to 2.25) 0.332

Cervical obesity 1.95 (1.04 to 3.68) <0.001 – –

Central obesity – – 4.50 (2.47 to 8.22) <0.001

AUC model 1=81.38% (78.8–84.0).
AUC model 2=82.20% (79.7–84.7).
Equality AUC test: p=0.152.
AUC, area under the curve.

Discussion
This study demonstrates that the cut-off points proposed 
for cervical obesity (neck circumference ≥32 cm for 
women and ≥37 cm for men) have a high capacity to 
predict moderate/high CVRs in the Chilean population. 
This result, adjusted by sex, educational level and obesity, 
is similar to that shown by abdominal obesity measured 
using the waist circumference.

The results are the same way as previous studies that 
have found a positive association between neck circum-
ference and cardiometabolic risk factors.30 Neck circum-
ference has been positively correlated with glucose and 
insulin resistance, systolic and diastolic blood pressure, 
free-fatty acids, the production of very low-density lipo-
protein cholesterol and triglycerides, while there is an 
inverse association with HDL cholesterol.24 30–33 It is 
possible to hypothesise that upper subcutaneous fat has 
similar pathophysiological characteristics as abdominal 
visceral fat. In fact, neck circumference is also related to 
oxidative stress, endothelial cell dysfunction and vascular 
injury24 31 32 and it is correlated with visceral adipose tissue, 
as measured by CT.30 34 35 Therefore, neck circumference 
seems to be an important anthropometric marker to 
identify patients with a high cardiometabolic risk.36

The performance of a neck circumference to predict 
moderate/high CVRs could be explained as the neck 
circumference is a good predictor of obesity, at least in 
adolescents.37 38 However, our results were controlled by 
obesity and the association between cardiometabolic risk 
factors and neck circumference seems to be independent 
of the association between cardiometabolic risk factors 
and BMI and visceral fat, but synergistic with the latter.30

The neck circumference cut-off points selected in our 
study for the Chilean population differ considerably 
from the ones used for other populations to predict 
related outcomes. For example, to predict metabolic 

syndrome in the Brazilian population the values used 
were 39.6 cm for men and 36.1 cm for women39 and for 
the Chinese population of 65 years old and over were 
38 cm for men and 35 cm for women.40 There is evidence 
about a lack of consistency between neck circumference 
cut-off points in pooled analyses,38 so it is recommend-
able to use local values. In this study, the cut-off points 
were based on the best sensitivity and specificity of neck 
circumference to predict moderate/high CVR in both 
genders.

To our knowledge, this is the first study that directly 
evaluates the performance of neck circumference to 
predict moderate/high CVRs in the general population. 
However, some studies have evaluated the capacity of 
neck circumference to predict other related metabolic 
outcomes like obesity or metabolic syndrome with an 
acceptable result.39 40

The Chilean NHS had some outliers in the neck circum-
ference measurements that could have a relationship 
with the not common use of this anthropometric measure 
in clinical practice. These extreme data were not consid-
ered in the analysis and it is unlikely that they would have 
changed the results. Another limitation is that we do not 
have an imaging examination that confirms that neck 
circumference adequately represents the upper subcu-
taneous fat in the sample. As almost all anthropometric 
measures, neck circumference has some limitations that 
need to be taken into consideration, such as, it should not 
be used in some medical situations such as goitre, cervical 
spine abnormalities or Cushing syndrome. However, it is 
easy to measure in clinical practice and it does not require 
undressing or measuring height.

Another limitation of the study is that the CVR was not 
assessed directly by cardiovascular morbidity or mortality, 
but through Framingham tables adapted for the Chilean 
population. However, tables and scores based on risk 
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factors are widely recommended in clinical practice to 
measure cardiovascular risk.41

The present study shows that the local cut-offs of neck 
circumference have a high capacity to predict moderate/
high CVRs in the Chilean population. Nevertheless, this 
measure does not have a better performance than waist 
circumference to estimate CVRs in the Chilean popula-
tion. However, its good performance appears to be an 
opportunity to use it in clinical practice when a waist 
circumference measurement is difficult or eventually 
replace waist circumference measurement because of the 
neck circumference’s easy technique.

Future research is needed among specific popula-
tions for whom it is difficult to estimate the CVRs, such 
as extreme elderly people, multimorbidity patients or 
ethnic groups. It would be also recommendable to eval-
uate if a reduction of neck circumference postbariatric 
surgery or weight loss is a good marker of a cardiometa-
bolic improvement and it would also be recommendable 
to incorporate an imaging analysis of upper subcutaneous 
fat in these studies.
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