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Abstract
Objective  Early detection of cardiovascular disease 
(CVD) risk factors, such as obesity, is crucial to prevent 
adverse long-term effects on individuals’ health. Therefore, 
the aims were: (1) to explore the robustness of neck 
circumference (NC) as a predictor of CVD and examine 
its association with numerous anthropometric and body 
composition indices and (2) to release sex and age-
specific NC cut-off values to classify youths as overweight/
obese.
Design  Cross-sectional study.
Setting  23 primary schools and 17 secondary schools 
from Spain.
Participants  2198 students (1060 girls), grades 1–4 and 
7–10.
Measures  Pubertal development, anthropometric and 
body composition indices, systolic and diastolic blood 
pressure (SBP and DBP, respectively), cardiorespiratory 
fitness, blood sampling triglycerides (TG), total cholesterol 
(TC), high-density lipoprotein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-c), glucose and 
inflammatory markers. Homoeostasis model assessment 
(HOMA-IR) and cluster of CVD risk factors were calculated.
Results  NC was positively correlated with all 
anthropometric and body composition indices. NC was 
negatively associated with maximum oxygen consumption 
(R2=0.231, p<0.001 for boys; R2=0.018, p<0.001 for 
girls) and positively associated with SBP, DBP, TC/HDL-c, 
TG, HOMA, complement factors C-3 and C-4, leptin, 
adiponectin and clustered CVD risk factor in both sexes 
(R2 from 0.035 to 0.353, p<0.01 for boys; R2 from 0.024 
to 0.215, p<0.001 for girls). Moreover, NC was positively 
associated with serum C reactive protein, LDL-c and 
visfatin only in boys (R2 from 0.013 to 0.107, p<0.05).
Conclusion  NC is a simple, low-cost and practical 
screening tool of excess of upper body obesity and CVD 
risk factors in children and adolescents. Paediatricians can 
easily use it as a screening tool for overweight/obesity in 
children and adolescents. For this purpose, sex and age-
specific thresholds to classify children and adolescents as 
normal weight or overweight/obese are provided.

Background
Obesity is a disease affecting people of 
all ages, sex, ethnicities and socioeco-
nomic levels1 with serious public health 

implications. Particularly, overweight and 
obesity in children and adolescents are a 
pandemic worldwide, affecting not only 
developed but also developing countries.2 
Excess body fat in children and adolescents 
is associated with cardiovascular-related risk 
factors such as type II diabetes, insulin resis-
tance, hypertension, elevated triglyceride 
and cholesterol levels.3 The presence of 
cardiovascular disease (CVD) risk factors 
in childhood is associated with premature 
death in adulthood.4 Consequently, early 
detection of CVD risk factors, such as obesity, 
is crucial to prevent adverse long-term effects 
on individuals’ health.5

Practical and simple anthropometric and 
body composition indices such as body mass 
index (BMI), waist circumference (WC), waist-
to-hip ratio, waist-to-height ratio (WHtR) and 
body fat percentage (BFP) are widely used as 
indices of total and central obesity. Indeed, 
some of these indices have been taken into 
account in the Assessing Levels of PHysical 
Activity (ALPHA) health-related fitness test 

Strengths and limitations of this study

►► The use of a large number of anthropometric and 
body composition indices, as well as cardiometabolic 
risk factors and inflammatory markers is a strength 
of this study.

►► The study sample consisted of children and 
adolescents with different weight status, thus 
broadening the applicability of the findings.

►► The cross-sectional nature of the study limits the 
establishment of causality.

►► The study group consisted of a single ethnic group 
(white Caucasian) and the cut-off values herein 
provided may not be valid for other ethnic groups.

►► More accurate measures of overweight/obesity 
(eg, those obtained with MRI or dual energy X-ray 
absorptiometry) might be used to assess the 
association with NC.
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battery, which is nowadays the most relevant health-re-
lated fitness test battery for children and adolescents.6

Recent researchers have proposed the neck circumfer-
ence (NC) as another screening tool of CVD risk factors 
(ie, obesity) in children and adolescents.7–11 However, 
these studies examine this association through single 
cardiometabolic risk factors (ie, insulin resistance, hyper-
tension and hyperlipidaemia (triglyceride and choles-
terol). Clustering of CVD risk factors seems to be a much 
stronger measure of cardiovascular health in children 
and adolescents than single risk factors, as a subject 
with cardiovascular risk may reflect high levels of several 
risk factors simultaneously.12 Additionally, inflamma-
tory markers have recently received close attention and 
are considered ‘emerging CVD risk factors’.13 Previous 
studies have identified some inflammatory markers (such 
as complement factors C-3 and C-4, C reactive protein, 
adiponectin, leptin, interleukin 6, tumour necrosis factor 
alpha and visfatin) to play a key role in CVD develop-
ment in children,14 adolescents14 and adults.15 However, 
whether NC is associated with inflammatory markers in 
children and adolescents is still unknown in spite of its 
clinical relevance as so it is the potential usefulness of NC 
as a predictor for CVD risk factors.

Therefore, the aims were: (1) to explore the robustness 
of NC as a predictor of CVD and examine its association 
with numerous anthropometric and body composition 
indices and (2) to release sex-age-specific NC cut-off 
values to classify youths as overweight/obese, based on 
prediction equations using BMI, WC and BFP.

Methods
Study design, setting and participants
Participants selected for this cross-sectional study 
were enrolled in the UP&DOWN study.16 In brief, the 
UP&DOWN study was a 3-year longitudinal study designed 
to assess the impact of physical activity and sedentary 
behaviours over time on health indicators as well as to 
identify the psychoenvironmental and genetic deter-
minants of physical activity in a Spanish sample of chil-
dren and adolescents. Data from the present study were 
collected from September 2011 to June 2012. Children 
and adolescents were recruited from schools in Cádiz 
and Madrid, respectively. A total convenience sample of 
2225 participants aged 6 to 18 years participated in the 
UP&DOWN study although the present study includes 
2198 participants (1060 girls) with complete data at base-
line on anthropometric and body composition indices. 
According to the database of the Spanish Institute of 
National Statistics, our sample size represented the 50% 
(n=1179) and 5% (n=1019) of the total population size of 
school children and adolescents, respectively, with a 3% 
percentage of error for both sample sizes. Blood sampling 
was randomly performed in one-fourth of the recruited 
children and adolescents (514; 244 girls).

Parents and school supervisors were informed by letter 
about the nature and purpose of the study, and written 

informed consent was provided. The study protocols were 
approved by the Ethics Committee of the Hospital Puerta 
de Hierro (Madrid, Spain), the Bioethics Committee of 
the National Research Council (Madrid, Spain) and the 
Committee for Research Involving Human Subjects at 
University of Cádiz (Cádiz, Spain).

Measurements
Pubertal development
After a brief visual observation, the participants self-clas-
sified in one of the five stages of pubertal development 
according to Tanner.17 To do this, breast development in 
girls and genital development in boys was used.

Anthropometric and body composition indices
Harmonisation and standardisation of anthropometric 
and body composition indices used to assess body compo-
sition in the UP&DOWN study were strictly controlled.16 
Anthropometric data included body mass, height, waist 
and NC and triceps and subscapular skinfold thicknesses. 
Body mass was measured with an electronic scale (Type 
SECA 861; range, 0.05–130 kg; precision, 0.05 kg), and 
height was measured in the Frankfort plane with a tele-
scopic stature-measuring instrument (Type SECA 225; 
range, 60–200 cm; precision, 1 mm). WC was measured 
with a non-elastic tape (SECA 200; range, 0–150 cm; 
precision, 1 mm), at the level of the natural waist, in a 
horizontal plane, which is the narrowest part of the torso, 
as seen from a front view. NC was assessed with the partic-
ipants standing in an erect position, hanging the arms 
freely and keeping the head aligned in the Frankfort 
horizontal plane. The superior border of a non-elastic 
tape measure (SECA 200; range, 0–150 cm; precision, 
1 mm) was placed just below the laryngeal prominence 
and applied perpendicular to the long axis of the neck.18 
Triceps and subscapular skinfold thickness were measured 
on the non-dominant side of the body with a Holtain 
calliper (range, 0–40 mm; precision, 0.2 mm) according 
to Lohman’s anthropometric standardisation reference 
manual.19 The measurements were carried out twice, but 
not consecutively, and the mean value of the two measure-
ments was used in the analyses. BFP was calculated from 
triceps and subscapular skinfold thicknesses by using the 
equations developed by Slaughter et al.20

BMI was calculated as body mass/height squared (kg/
m2) and participants were categorised as underweight/
normal weight and overweight/obese following inter-
national cut-off points.21 WHtR was computed from 
the original anthropometric index (waist/height). Fat 
mass index (FMI) was computed dividing BFP by height 
squared (m2).

Blood pressure
Systolic and diastolic blood pressure (SBP and DBP, 
respectively) were measured by a validated digital auto-
matic blood pressure monitor (Omron M6, Omron 
Health Care, Kyoto, Japan) according to the International 
Protocol of the European Society of Hypertension.22 
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The participants sat on a chair quietly for 5 min before 
the measurements were conducted on the left arm in an 
extended position. Two measures were taken 1–2 min 
apart. An additional measurement was performed if the 
first two readings differed in >5 mm Hg, and the farthest 
value was removed. Average values (mm Hg) were calcu-
lated separately for SBP and DBP.

Cardiorespiratory fitness
Twenty-metre shuttle run test was used to assess cardiore-
spiratory fitness, according to the ALPHA health-related 
fitness test battery protocol.6 The equation reported by 
Léger et al23 was used to estimate the maximum oxygen 
consumption (VO2max, mL/kg/min).

Blood sampling
A fasting blood sample was obtained from the cubital 
vein early in the morning at the schools. Drawn from 
each subject were 13.5 mL of blood, and 3.5 mL of them 
(anticoagulated blood in EDTA) were analysed to obtain 
haemogram data. The remainder blood (dried gel and 
sodium citrate) was centrifuged; serum and plasma were 
removed and then frozen at −80° C to be analysed later. 
Serum lipid triglycerides (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-c), low-den-
sity lipoprotein cholesterol (LDL-c), glucose and total 
proteins as CVD risk factors were analysed by enzymatic 
colourimetric methods (Olympus AU2700 Analyzer; 
Olympus UK, Watford, UK).

The following inflammatory markers were analysed by 
turbidimetry (Olympus AU2700 Analyzer; Olympus UK, 
Watford, UK): serum complement factors C-3 (C3) C-4 
(C4) and serum C reactive protein (CRP). The coeffi-
cients of variation (interassay precision) were less than 2% 
for all proteins (1.39% for C3, 1.19% for C4% and 1.90% 
for CRP). Detection limits (sensitivity) for the analyses 
were 0.01 g/L for C3, 0.002 g/L for C4 and 0.007 mg/L 
for CRP. Adiponectin, leptin, interleukin 6 (IL-6) and 
tumour necrosis factor alpha (TNF-α) were quantified 
by multiple analyte profiling (xMAP) technology (xMAP 
Techonology; Luminex, Austin, Texas, USA) using a kit 
(5+1) plex: 171-A7003M Bio-plex Pro Human Diabetes 
Adiponectin Assay; YB0000002Y Bio-Plex Human Diabetes 
3-Plex Assay; 171D50001 Bio-Plex Human Cytokine 
Stds; 171B5006M Bio-Plex Human IL-6 set; 171B5026M 
Bio-Plex Human TNF-alpha set. Visfatin values were 
determined by ELISA (Human visfatin Elisa kit; Cusabio 
Biotech, Wuhan, Hubei, China). Sensitivity for the anal-
yses were 0.156 ng/mL, the coefficients of variation were 
less than 8% for intra-assay precision and less than 10% 
for inter-assay precision.

Insulin resistance was calculated through the homoeo-
stasis model assessment (HOMA) score as: (insulin 
(mLU/mL)×glucose (mmol/L))/22.5.24

Clustered CVD risk factors
A cluster of CVD risk factors by sex and age groups was 
constructed. For that purpose, standardised normalised 

indices (z-score=(value-mean)/SD) of the subsequent 
single CVD risk factors were computed: metabolic 
syndrome risk factors (ie, SBP, DBP, TC /HDL-c and TG), 
HOMA, inflammatory markers (ie, CRP, C-3, C-4, IL-6, 
leptin and adiponectin) and VO2max. The VO2max z-score 
was inverted, because higher cardiorespiratory fitness is 
associated with lower fatness. Finally, all the z-scores were 
summed. LDL-c, TNF-α and visfatin were not included 
in the cluster because they did not show association with 
anthropometric nor body composition indices.

Statistical analysis
Anthropometric and body composition indices and 
cardiovascular markers are sex dependent; therefore, 
boys and girls were analysed separately. Descriptive data 
are shown as mean and SD unless otherwise indicated. 
The Student's t-test was used to test differences in socio-
demographic and clinical characteristics by sex, except 
for the Tanner stage, which was analysed by χ² test. Pear-
son’s correlation coefficients were obtained to analyse 
the association between NC and the other anthropo-
metric and body composition indices (BMI, WC, WHtR, 
BFP and FMI) and the association between all anthropo-
metric and body composition indices and single CVD risk 
factors. To test the association of single and cluster CVD 
risk factors with anthropometric and body composition 
indices, adjusted multiple linear regression analyses were 
performed. Single and clustered CVD risk factors were 
entered as dependent variables and anthropometric and 
body composition indices as independent variables in 
separate models.

To predict specific NC cut-off values for overweight 
and obesity, a linear regression analysis following a step-
wise selection procedure for the derivation of prediction 
equation models including NC as dependent variable 
and BMI, WC and BFP as independent variables in sepa-
rate models were performed. In the prediction equa-
tions, Cole’s BMI,21 Katzmarzyk’s WC25 and McCarthy’s 
BFP26cut-off values for overweight/obesity to obtain 
the corresponding NC cut-off values were used. These 
are optimal threshold values for predicting high-risk 
groups to be used in the white population worldwide. All 
models were controlled for age and Tanner stage. The 
statistical analyses were performed using the Statistical 
Package for the Social Sciences V.22.0 (IBM SPSS Statis-
tics for Windows), and the statistical significance was set 
at p<0.05.

Results
The characteristics of the study sample are presented in 
table  1. Boys presented higher values in Tanner stage, 
body mass, height, NC, WC, WHtR, VO2max and SBP than 
girls (all, p<0.05). However, BFP, FMI, DBP, HOMA, 
leptin and adiponectin were significantly higher in girls 
compared with boys (all, p<0.05). 32.7%, 38.7%, 16% 
and 37% of insulin, C reactive protein, TNF-α and visfatin 
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sample, respectively, were below detection threshold and 
were not included in the final analyses.

Table 2 shows correlation coefficients between NC and 
BMI, WC, WHtR, BFP and FMI by sex. NC was positively 
correlated with all anthropometric and body composition 
indices in both, boys and girls (all, p≤0.001). Correlations 
were stronger with WC (r=0.864 in boys, r=0.851 in girls) 
and BMI (r=0.754 in boys, r=0.799 in girls).

Table  3 shows bivariate correlations between all 
anthropometric and body composition indices and 
CVD risk factors by sex. Overall, all anthropometric 
and body composition indices were correlated with 
most single CVD risk factors, with higher correlation 
coefficients in boys than girls (all, p≤0.05). More 
specifically, NC was negatively correlated with VO2max 
(r=−0.481, p<0.001 for boys; r=−0.672, p<0.001 for 

Table 1  Descriptive characteristics of the population sample

Boys (n=1138) Girls (n=1060)

p ValueMean SD Mean SD

Age (years) 10.8 3.4 10.9 3.3 0.449

Tanner stage (n (%)) 0.010

 � 1 321 (27.6) 329 (30.4)

 � 2 303 (26.1) 233 (21.4)

 � 3 195 (16.8) 250 (23.0)

 � 4 190 (16.3) 216 (19.9)

 � 5 129 (11.0) 32 (2.9)

Body mass (kg) 42.8 17.4 41.2 16.1 0.018

Height (cm) 144.8 19.9 142.8 17.0 0.014

BMI (kg/m2) 19.5 3.7 19.5 3.6 0.895

Neck circumference (cm) 30.0 3.6 28.5 2.7 <0.001

Waist circumference (cm) 64.7 9.9 62.2 8.6 <0.001

Waist-to-height ratio (cm) 0.5 0.0 0.4 0.0 <0.001

Body fat (%) 19.9 10.3 23.7 7.6 <0.001

FMI 9.9 5.1 11.8 3.9 <0.001

VO2max (mL/kg/min) 38.4 6.7 32.3 7.7 <0.001

Systolic blood pressure (mm Hg) 106.7 13.1 103,5 11.1 <0.001

Diastolic blood pressure (mm Hg) 65.6 8.1 67.0 8.7 <0.001

Boys (n=270) Girls (n=244) p Value

TC/HDL-c (mg/dL) 2.9 0.6 3.0 0.7 0.214

LDL-c (mg/dL) 70.9 23.4 73.4 23.4 0.221

Triglycerides (mg/dL) 48.1 30.7 52.5 25.5 0.085

Insulin resistance (HOMA score)* 2.1 2.1 2.5 2.5 0.047

C reactive protein (mg/dL)* 8.8 20.5 9.9 23.1 0.828

C-3 protein (mg/dL) 93.4 31.0 93.7 28.7 0.903

C-4 protein (mg/dL) 20.3 9.9 20.4 9.8 0.944

Interleukin-6 (pg/mL) 34.4 37.5 43.0 62.1 0.061

Leptin (ng/mL) 6.7 6.7 11.7 9.2 <0.001

Adiponectin (µg/mL) 13.3 7.2 14.8 7.5 0.023

TNF-α (pg/mL)* 77.1 66.2 72.8 57.1 0.445

Visfatin (ng/mL)* 1.5 1.3 1.4 1.2 0.589

Cardiovascular risk score 0.05 1.0 −0.07 1.0 0.269

Results are showed as mean±SD (SD). 
Sex differences with a p value of <0.05 are marked as bold.
*32.7%, 38.7%, 16% and 37% of insulin, C reactive protein, TNF-α and visfatin sample, respectively, were below detection threshold and 
were not included in the analyses.
VO2max , maximum oxygen consumption; BMI, body mass index; FMI, fat mass index; HOMA, homoeostasis model assessment; LDL, low-
density lipoprotein cholesterol; TC/HDL, total cholesterol/ high-density lipoprotein cholesterol; TNF-α, tumour necrosis factor alpha. VO2max, 
maximum oxygen consumption.
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girls), positively correlated with SBP, DBP, TG, HOMA, 
C-3, C-4, leptin and adiponectin in both sexes (r from 
0.167 to 0.419; all, p<0.01), and with TC/HDL-c, LDL-c, 
CRP and visfatin only in boys (r from 0.243 to 0.388; all, 
p<0.001).

The associations between neck circumference and 
single and clustered CVD risk factors are presented 
in table  4. NC was negatively associated with VO2max 
(R2=0.231, p<0.001 for boys; R2=0.018, p<0.001 for 
girls), and positively associated with SBP, DBP, TC/
HDL-c, TG, HOMA, C-3, C-4, leptin, adiponectin 
and clustered CVD risk factor in both sexes (R2 from 
0.035 to 0.353, p<0.01 for boys; R2 from 0.024 to 0.215, 
p<0.001 for girls). Moreover, NC was positively asso-
ciated with CRP, LDL-c and visfatin only in boys (R2 
from 0.013 to 0.107, p<0.05). Overall, the association 
of CVD risk factors with the other anthropometric and 
body composition indices presented similar results 
(see online supplementary file 1). When the variables 
with values below the detection levels (ie, insulin, CRP, 
TNF-α and visfatin) were included in the analyses of 
sensitivity, before natural log transformation, the asso-
ciations aforementioned remained unchanged (data 
not shown). The associations Stepwise regression anal-
yses were conducted to get specific NC cut-off values for 
overweight/obesity based on BMI, WC and BFP values 
(table 5). Results showed very similar NC cut-off values 
for boys and girls with the same age, independently of 
the criteria used to classify children and adolescents as 
normal weight or overweight/obese. Moreover, cut-off 
values increase with age and are higher in boys than 
girls. The prediction equations for NC cut-off values are 
presented below:

	NC = 13.631 + 0.466 × BMI + 0.668 × age (R2 = 0.864 and SEE = 1.439) for boys.�
	NC = 15.656 + 0.452 × BMI + 0.365 × age (R2 = 0.796 and SEE = 1.428) for girls.�
	NC = 10.735 + 0.210 × WC + 0.520 × age (R2 = 0.877 and SEE = 1.367) for boys.�
	NC = 11.825 + 0.212 × WC + 0.315 × age (R2 = 0.825 and SEE = 1.189) for girls.�
	NC = 18.364 + 0.106 × BFP + 0.872 × age (R2 = 0.798 and SEE = 1.729) for boys.�
	NC = 19.107 + 0.172 × BFP + 0.480 × age (R2 = 0.726 and SEE = 1.484) for girls.�

Table 2  Correlations coefficients of neck circumference 
with BMI, WC, WtHR, BFP and FMI

 Neck circumference

Boys (n=1138) Girls (n=1060)

r p Value r p Value

BMI (kg/m2) 0.754 <0.001 0.799 <0.001

WC (cm) 0.864 <0.001 0.851 <0.001

WHtR (cm) 0.610 0.001 0.621 <0.001

BFP (%) 0.552 <0.001 0.648 <0.001

FMI 0.494 <0.001 0.474 <0.001

 Correlations with a p value of <0.05 are marked as bold. 
BMI, body mass index; BFP, body fat percentage; FMI, fat mass 
index; WC, waist circumference; WHtR, waist to height ratio. 
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Discussion
The main findings indicate that: (1) NC is strong and 
positively associated with well-known indices of anthro-
pometric and body composition, such as BMI, WC, BFP, 
WHtR and FMI; (2i) NC is one of the strongest indices 
associated with single and clustered CVD risk factors; 
(3) sex and age-specific NC cut-off values are provided 
to classify children and adolescents as normal weight or 
overweight/obese.

Comparison of NC with well-known anthropometric and body 
composition indices
BMI is the most common anthropometric index used 
to determine overweight and obesity not only in chil-
dren and adolescents but also in adults. BMI has 
become a very popular screening tool for overweight 
and obesity due to its simplicity and ease. However, it is 
becoming increasingly clear that it is not a good proxy 
for regional adiposity.27 Regional deposition of fat is a 
better predictor of some obesity-related complications, 
such as metabolic disorders and CVD risk factors.28 In 
this regard, WC seems to be a better anthropometric 
index in children and adolescents.29 On the other hand, 
WHtR30 and FMI31 have been proposed as a marker of 
adiposity in children and adolescents, however, these 
indices have been built in analogy with BMI.

Table 4  Multiple linear regression analyses of single and cluster cardiovascular risk score with neck circumference

Boys Girls

n Adjusted R2 β SE p Value Adjusted R2 β SE p Value

Dependent variables Neck circumference

 � VO2 max (mL/kg/min) 2146 0.231 −1.173 0.062 <0.001 0.018 −0.467 0.081 <0.001

 � SBP (mm Hg) 2191 0.353 2.526 0.155 <0.001 0.353 2.526 0.155 <0.001

 � DBP (mm Hg) 2191 0.113 1.195 0.111 <0.001 0.089 1.216 0.133 <0.001

 � TC/HDL-c (mg/dL) 514 0.098 0.098 0.015 <0.001 0.048 0.073 0.019 <0.001

 � LDL-c (mg/dL) 513 0.013 1.377 0.663 0.039 0.007 −0.844 0.516 0.103

 � Triglycerides (mg/dL) 514 0.038 1.669 0.490 <0.001 0.042 1.799 0.553 <0.001

 � HOMA score 342 0.169 0.256 0.043 <0.001 0.073 0.604 0.160 <0.001

 � CRP (mg/dL) 315 0.055 0.351 0.094 <0.001 <0.001 −0.092 0.094 0.328

 � C-3 protein (mg/dL) 514 0.035 3.164 0.728 <0.001 0.026 1.630 0.557 0.004

 � C-4 protein (mg/dL) 514 0.037 0.478 0.129 <0.001 0.024 0.539 0.189 0.005

 � IL-6 (pg/mL) 502 <0.001 −0.200 0.527 0.705 0.003 −1.552 1.139 0.174

 � Leptin (ng/mL) 499 0.060 713.142 155.007 <0.001 0.179 1927.779 252.179 <0.001

 � Adiponectin (µg/mL) 506 0.049 −0.357 0.084 <0.001 0.036 −0.463 0.138 <0.001

 � TNF-α (pg/mL) 478 <0.001 1.058 1.182 0.539 0.016 −2.052 3.976 0.413

 � Visfatin (ng/mL) 324 0.107 −0.100 0.025 <0.001 0.012 −0.046 0.030 0.124

 � Cardiovascular risk 
score

315 0.130 0.287 0.103 <0.001 0.207 0.834 0.248 <0.001

Associations with a p value of <0.05 are marked as bold.
All analyses were controlled for age and Tanner stage.
β, estimated unstandardized regression coefficient; SE, standard error.
VO2max, maximum oxygen consumption; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC/HDL-c, total cholesterol/ high-density 
lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; TG, triglycerides; HOMA, homeostasis model assessment; IL-6, interleukin 
6; TNF-α, tumour necrosis factor alpha.

Table 5  Neck circumference cut-off values for determining 
overweight/obese youth with BMI, WC and BFP

Age

Using Cole’s 
BMI cut-off 

values

Using 
Katzmarzyk’s 

WC cut-off 
values

Using 
McCarthy’s BFP 

cut-off values

Boys Girls Boys Girls Boys Girls

6 25.8 25.7 25.3 25.0 25.6 25.9

7 26.7 26.2 26.2 25.7 26.6 26.6

8 27.6 26.9 27.1 26.6 27.6 27.3

9 28.5 27.5 28.3 27.5 28.5 28.0

10 29.5 28.3 29.5 28.3 29.5 28.7

11 30.5 29.0 30.6 29.2 30.4 29.3

12 31.5 29.8 31.8 29.9 31.3 29.9

13 32.4 30.6 32.9 30.6 32.1 30.5

14 33.4 31.3 33.9 31.3 32.9 31.0

15 34.4 31.9 34.7 31.6 33.7 31.5

16 35.3 32.5 35.4 32.0 34.5 32.0

17 36.2 32.9 36.1 32.2 35.4 32.5

18 37.1 33.5 36.7 32.5 36.3 33.1

BFP, body fat percentage; BMI, body mass index; WC, waist 
circumference.
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Recently, NC has been proposed as a surrogate marker 
of regional obesity in children and adolescents.7 8 These 
studies reported strong correlations between NC and BMI 
and WC (r>0.7). Concurring with these studies, NC was 
correlated with a larger number of anthropometric and 
body composition indices (ie, BMI, WC, WHtR, BFP and 
FMI). More specifically, NC was highly correlated with 
WC and BMI and in both sexes, which confirms its use 
as a screening tool for identifying overweight/obese chil-
dren and adolescents. NC is a simple, quick and low-cost 
method that requires less effort from both the examiner 
and the examinee than other anthropometric and body 
composition methods. NC has shown very good inter-rater 
and intrarater reliability32 and unlike WC, NC is not influ-
enced by the timing of measurement (eg, preprandial 
and postprandial period; measurement at the end of a 
gentle expiration as suggested for WC). Additionally, this 
technique does not require the patient to remove his/her 
clothing to obtain a more accurate measurement. Finally, 
the measurement of NC may be more socially acceptable 
and convenient for overweight and obese children, thus 
making this measurement more tolerable for them.

NC and single CVD risk factors
There is evidence to support that NC is a screening tool 
for identifying CVD in adults in worldwide.33 However, 
little is known about the association between NC and 
CVD risk factors in children and adolescents. In the 
present study, NC, as well as all other anthropometric and 
body composition indices, was associated with cardiomet-
abolic syndrome risk factors. Androutsos et al10 and 
Kurtoglu et al9 also observed that increases in NC were 
associated with cardiometabolic syndrome risk factors in 
Greek and Turkish normal or overweight/obese children 
and adolescents. Moreover, Guo et al34 showed that NC 
could predict prehypertension in Chinese normal weight 
children and adolescents, but not in those overweight 
and obese. It is widely accepted that obesity is associated 
with metabolic disorders and CVD risk factors both in 
youth and adulthood.35 Free fatty acid concentration is 
related with the development of CVD risk factors. It has 
been demonstrated that upper body subcutaneous fat is 
responsible for a much larger proportion of systemic free 
fatty acid release than visceral fat, particularly in obese 
individuals.36 Moreover, The Framingham Heart Study 
showed that NC was associated with CVD risk factors 
even after adjustment for visceral adipose tissue and BMI, 
suggesting that upper body subcutaneous fat may be a 
unique fat depot conferring additional cardiovascular 
risk above and beyond central body fat.37 These previous 
results are in line with this study findings, suggesting that 
thicker NC is associated with greater risk of CVD.

Inflammatory markers have been proposed as new 
emerging CVD risk factors.38 Indeed, persistent low-grade 
inflammation in children, especially in obese, may 
increase the risk of metabolic and cardiovascular events 
in later life and play a role in the pathogenesis of athero-
sclerosis.39 Thus, inflammatory markers have a potential 

interest for paediatric CVD risk factor control and future 
preventive strategies. Overall, obesity in children and 
adolescents is associated with increased CRP, C-3, C-4 and 
leptin levels and decreased adiponectin levels,39–41 which 
concurs with the results of the present study. To the best of 
our knowledge, no studies have been published analysing 
the associations between NC and inflammatory markers 
in children and adolescents. In addition, data with WHtR, 
BFP and FMI are sparse. In the present study, similar asso-
ciations were found among all anthropometric and body 
composition indices and inflammatory markers. There 
is controversy in the relationship between some inflam-
matory markers (ie, plasma IL-6, TNF-α and visfatin) 
and obesity, with some studies reporting positive40 42 or 
no associations40 41 with obesity. In the present study, IL-6 
and visfatin were associated with WHtR and FMI in both 
sexes and only with NC in boys. However, no associations 
among all anthropometric and body composition indices 
and TNF-α. Differences among studies might be due, as 
Jaleel et al40 suggested, to differences in degrees of matu-
ration, sex distribution and ethnic specificity. Further 
studies are needed to clarify this association.

NC and clustered CVD risk factors
A clustered CVD risk factors reflects cardiovascular health 
better than single CVD risk factors and might, to some 
extent, compensate for the day-to-day fluctuations in the 
single risk factors.43 Even if none of the participants suffer 
from clinical disease, clustered risk is certainly an undesir-
able condition, and it has been shown to track into young 
adulthood.44 The results of the current study showed that 
NC was associated with clustered CVD risk factors in boys 
and girls.

Previous studies found a strong association between 
some anthropometric and body composition indices and 
clustered CVD risk factors.11 14 43 However, to the best of 
our knowledge this is the first study in examining the 
association between NC and a cluster of CVD risk factors 
and also the first study in including a large number of 
inflammatory markers (ie, CRP, C-3, C-4, IL-6, leptin and 
adiponectin) as part of the cluster, as recently suggested, 
due to its relation to clustering of CVD risk factors at early 
ages.38 In addition, VO2max was also included in the cluster 
as performed in previous studies43 as it is considered a 
CVD risk factor in children and adolescents. Andersen et 
al43 previously followed this strategy and it is noteworthy 
that their findings were consistent with those of the 
present study.

Establishment of NC cut-offs to identify children and 
adolescents with overweight/obesity
Results from the present study showed that NC could be 
used as a screening tool to identify children and adoles-
cents at CVD risk. Therefore, providing with sex and 
age-specific cut-off values to classify children and adoles-
cents as normal weight or overweight/obese is of rele-
vance from a public health and clinical perspective. The 
criteria used to classify children and adolescents as normal 
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weight or overweight/obese were based on BMI,21 WC25 
and BFP26 widely accepted cut-off values in children and 
adolescents. The explained variances of the full models 
were high (86% for boys and 80% for girls with BMI, 88% 
for boys and 83% for girls with WC and 80% for boys and 
73% for girls with BFP), suggesting that NC cut-off values 
can be established according to BMI, WC and BFP values. 
The results show NC cut-offs that increase with age and 
are higher in boys than girls. In addition, cut-offs for the 
same age are very similar independently of the criteria 
used to classify children and adolescents as normal weight 
or overweight/obese. It is known that body fat distribu-
tion and its metabolic effects are different in men and 
women with sex hormones playing a role in this differ-
ence. However, a definite cause has not been estab-
lished.45 These results are consistent with those reported 
in other study based only in BMI cut-off values.7 8 To note 
is that NC cut-off values from the current study were 
slightly lower than those of previous studies,7 8 which may 
be due to ethnic differences. To our knowledge, this is 
the first study that establishes NC cut-offs for overweight/
obesity according to BMI, WC and BFP values in the same 
sample.

Conclusions
In conclusion, NC was positively associated with other 
anthropometric and body composition indices, single 
and clustered CVD risk factors. NC is a simple, low-cost 
and practical screening tool of excess of upper body 
obesity and CVD risk factors in children and adoles-
cents. For this purpose, sex and age-specific thresholds 
to classify children and adolescents as normal weight or 
overweight/obese are provided. It might be interesting 
to test in prospective studies whether NC cut off points 
presented in the current study are predictors of cardiovas-
cular disease risk factors in adulthood.
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Correction: Neck circumference and clustered cardiovascular 
risk factors in children and adolescents: cross-sectional study

Castro-Piñero J, Delgado-Alfonso A, Gracia-Marco L The UP&DOWN Study Group, 
et al. Neck circumference and clustered cardiovascular risk factors in children 
and adolescents: cross-sectional study. BMJ Open 2017;7:e016048. doi:10.1136/
bmjopen-2017-016048

An error in translating the results from the tables to the text has been included 
in this study. Statistical analysis was correct as well as the results shown in tables and 
figure. The correction of this error does not change the results or conclusions of the 
study, but for clarification, the following corrections are noted:
1.	 In Results section of the Abstract, ‘NC was negatively associated with maximum 

oxygen consumption (R2=0.231, P<0.001 for boys; R2=0.018, P<0.001 for girls) and 
positively associated with SBP, DBP, TC/HDL-c, TG, HOMA, complement factors 
C-3 and C-4, leptin, adiponectin and clustered CVD risk factor in both sexes (R2 
from 0.035 to 0.353, P<0.01 for boys; R2 from 0.024 to 0.215, P<0.001 for girls). 
Moreover, NC was positively associated with serum C reactive protein, LDL-c and 
visfatin only in boys (R2 from 0.013 to 0.107, P<0.05).’ should read ‘NC was neg-
atively associated with maximum oxygen consumption (R2=0.231, P<0.001 for 
boys; R2=0.018, P<0.001 for girls) and adiponectin (R2=0.049, P<0.001 for boys; 
R2=0.036, P<0.001 for girls); and positively associated with SBP, DBP, TC/HDL-c, 
TG, HOMA, complement factors C-3 and C-4, leptin and clustered CVD risk factor 
in both sexes (R2 from 0.035 to 0.353, P<0.01 for boys; R2 from 0.024 to 0.215, 
P<0.001 for girls). Moreover, NC was positively associated with serum C reactive 
protein and LDL-c only in boys (R2 from 0.013 to 0.055, P<0.05)’.

2.	 In Clustered CVD risk factors measurement section of the Method, ‘The VO2m-
ax z-score was inverted, because higher cardiorespiratory fitness is associated with 
lower fatness’ should read ‘The VO2max and adiponectin z-scores were inverted, 
because higher values of both are associated with lower fatness’.

3.	 Related to Table 3 of the Results, ‘More specifically, NC was negatively correlated 
with VO2max (r=−0.481, P<0.001 for boys; r=−0.672, P<0.001 for girls), positively 
correlated with SBP, DBP, TG, HOMA, C-3, C-4, leptin and adiponectin in both sex-
es (r from 0.167 to 0.419; all, P<0.01), and with TC/HDL-c, LDL-c, CRP and visfatin 
only in boys (r from 0.243 to 0.388; all, P<0.001).’ should read ‘More specifically, 
NC was negatively correlated with VO2max (r=−0.481, P<0.001 for boys; r=−0.672, 
P<0.001 for girls), adiponectin (r=−0.228, P<0.001 for boys; r=−0.198, P<0.001 for 
girls) and visfatin only in boys (r=−0.338, P<0.001), and positively correlated with 
SBP, DBP, TG, HOMA, C-3, C-4 and leptin in both sexes (r from 0.167 to 0.419; all, 
P<0.01), and with TC/HDL-c, LDL-c and CRP only in boys (r from 0.243 to 0.388; 
all, P<0.001)’.

4.	 Related to Table 4 of the Results, ‘NC was negatively associated with VO2max 
(R2=0.231, P<0.001 for boys; R2=0.018, P<0.001 for girls), and positively associated 
with SBP, DBP, TC/HDL-c, TG, HOMA, C-3, C-4, leptin, adiponectin and clustered 
CVD risk factor in both sexes (R2 from 0.035 to 0.353, P<0.01 for boys; R2 from 
0.024 to 0.215, P<0.001 for girls). Moreover, NC was positively associated with CRP, 
LDL-c and visfatin only in boys (R2 from 0.013 to 0.107, P<0.05).’ should read ‘NC 
was negatively associated with maximum oxygen consumption (R2=0.231, P<0.001 
for boys; R2=0.018, P<0.001 for girls), adiponectin (R2=0.049, P<0.001 for boys; 
R2=0.036, P<0.001 for girls) and visfatin only in boys (R2=0.107, P<0.001); and pos-
itively associated with SBP, DBP, TC/HDL-c, TG, HOMA, complement factors C-3 
and C-4, leptin and clustered CVD risk factor in both sexes (R2 from 0.035 to 0.353, 
P<0.01 for boys; R2 from 0.024 to 0.215, P<0.001 for girls). Moreover, NC was posi-
tively associated with CRP and LDL-c only in boys (R2 from 0.013 to 0.055, P<0.05)’

5.	 In NC and single CVD risk factors section of Discussion ‘In the present study, IL-6 
and visfatin were associated with WHtR and FMI in both sexes and only with NC in 
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boys’ should read ‘In the present study, IL-6 was associated with WHtR and FMI in 
boys only, whilst visfatin was associated with NC in boys only’
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