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ABSTRACT
Objectives: This study aimed to evaluate the
association of neck circumference (NC) with obesity to
determine the sex-specific and age-specific optimal
cut-off points of this measure in association with
obesity in a national sample of the Iranian paediatric
population.
Methods: This survey on weight disorders was
conducted among a national sample of Iranian children
and adolescents, aged 6–18 years. Using the area
under the curve (AUC) of the receiver operator
characteristic curves, we evaluated the association of
NC with general and abdominal obesity.
Results: This national survey was conducted among
23 043 school students (50.8% boys) with a mean age
(SD) of 12.55 (3.31) years. A significant association
was documented between NC and other
anthropometric measures in both sexes and in the
whole population. In all age groups and genders, NC
performed relatively well in classifying participants to
overweight (AUC: 0.67 to 0.75, p<0.001), general
obesity (AUC: 0.81 to 0.85, p<0.001) and abdominal
obesity (AUC: 0.73 to 0.78, p<0.001).
Conclusions: NC can be considered as a simple time-
saving clinical tool for obesity detection in large
population-based studies in children and adolescents.
It is significantly correlated with indices of adiposity
and can reliably identify children with general and
abdominal obesity in the Iranian paediatric population.

INTRODUCTION
Childhood overweight and obesity has
become a worldwide public health priority.1 2

An accumulating body of evidence reveals
the worldwide rapid growing prevalence of
overweight/obesity in the paediatric age
group.3 4 These alarming patterns are now
emerging in developing countries like

Iran.5 6 Situation analyses of problems in
Iranian children and adolescents have shown
that the prevalence of overweight and obesity
is about 5% and 10%, respectively.6

Body mass index (BMI) is the most widely
used tool to assess the weight status in adults
and children.7 Despite its advantages includ-
ing ease of measurement and interpretation,
BMI is associated with significant limitations
as not representing the body fat distribu-
tion.8 9 Among other measures, wrist circum-
ference is simple, easy to detect but not
involved in the assessment of other para-
meters.10 Waist and hip circumferences have
some difficulties in clinical measurements;
clothing is one major disturbing factor com-
plicating their measurement.11

Neck circumference (NC) has also been
proposed as a potential proxy for obesity and
cardiovascular disease in adults.6 12 13 NC
measurement is a simple and time-saving

Strengths and limitations of this study

▪ Limited experience exists on the appropriateness
of neck circumference as an anthropometric
index. To the best of our knowledge, this is the
first study in the Middle East and North Africa
(MENA) region that evaluated the association of
neck circumference with obesity.

▪ The large population-based sample size is a
strength point of this study, and makes the
results generalisable.

▪ The cross-sectional design of the study prevents
us from deducing any causal relations between
our findings.

▪ We were not able to measure fat mass as an
indicator of obesity, so it was defined according
to the body mass index.
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screening measure that can be used to identify over-
weight and obese individuals.6 Some previous studies in
adults documented that in various gender-age groups,
NC, waist circumference (WC) and BMI are all highly
correlated with each other.12 Some studies showed that
NC performs well as an index of high BMI in young chil-
dren and adolescents of both genders.12 14

Limited experience exists on using NC as a screening
tool for obesity in children and adolescents, and studies
are mostly limited to some specific groups.6 12 14 15

Considering the noticeable gaps in what is known about
this topic,12 16 the objectives of this study are to evaluate
the association of NC with obesity and to determine the
sex-specific and age-specific optimal cut-off points of this
measure that are associated with obesity in a national
sample of the Iranian paediatric population.

METHODS
Sampling
The data used in this study were obtained as part of a
national survey on weight disorders conducted in 2011–
2012 along with the fourth survey of a national school-
based surveillance programme entitled the Childhood
and Adolescence Surveillance and Prevention of Adult
non-communicable disease (CASPIAN-IV) Study. We
have previously described the methods of this study in
detail;17 here, we briefly point to some details relevant
to the current study.
Total sample size was calculated as 25 000 students

who were followed through multistage cluster sampling
from urban and rural areas of 30 provinces of Iran.
Stratification was performed according to the school
grade (elementary, middle and high school) and living
area (urban, rural). Eligible schools were stratified
according to the information bank of the Ministry of
Education. Students with a chronic disease, history of
chronic medication consumption and those who were
on a specific diet were not enrolled in this study.

Physical examination
A team of trained healthcare experts recorded informa-
tion based on standard approved checklists and per-
formed the examinations under standard protocols by
using calibrated instruments.18 Weight was measured in
light clothing to the nearest 0.1 kg, and height was mea-
sured, without shoes, to the nearest 0.1 cm while the stu-
dents were standing and with the shoulders in normal
position. BMI was calculated as weight (kg) divided by
height squared (m2).17 18

NC and WC were measured using a non-elastic tape to
the nearest 0.1 cm over skin. NC measured by the tape
underneath the Adam’s apple contact with your skin at
comfort position. WC detected midway between the iliac
crest and the lowest rib in standing position. The
maximum level of the hip without any pressure to the
body surface to the nearest 0.5 cm was considered for
measuring the hip circumference. We computed the

waist-to-height ratio (WHtR) by dividing WC by height.
Wrist circumference was measured with participants in a
seated position from both wrists at distal to the promi-
nences of the radial and ulnar and an average was
taken.17 18

Definition of terms
Overweight was considered as BMI between the 85th
and 94th centiles for age and sex, obesity as BMI equal
to or greater than the sex-specific 95th centile19; and
abdominal obesity was defined as WHtR >0.5.20

Statistical analysis
Results for continuous variables are shown as means and
95% CI; categorical data are presented as a percentage.
Differences among means were assessed by t-test.
Pearson’s correlation test was used to investigate the cor-
relation between NC and other anthropometric mea-
sures. The receiver operator characteristic (ROC) curve
analysis was used with an estimation of the variable’s sen-
sitivity and specificity in each gender stratified by age
and age categories to assess the usual approach of speci-
fying the cut-off values of NC for predicting overweight,
obesity and abdominal obesity. The optimal cut-off point
of NC for predicting overweight, general and abdominal
obesity was defined as value, which represents the
maximum sum of sensitivity and specificity in each
gender stratified by age.21 The area under curve (AUC)
was used as an indicator of overall ability of using the
NC cut-off point to discriminate participants with or
without overweight, general and abdominal obesity.
AUC: 0.5, AUC:0.5 to 0.65 and AUC: 0.65 to 1.0 were
interpreted as equal to chance, moderately, highly accur-
ate tests, respectively.21

Data were analysed using survey data analysis methods
in the Stata software (Stata Statistical Software: Release
12. College Station, TX: Stata Corp LP. Package); p<0.05
was considered as statistically significant.

Ethical concerns
This study was conducted according to the declaration
of Helsinki (Seoul, 2008). Ethical approval and any
other required documents were given from the ethics
committees and other relevant national and provincial
regulatory organisations.
After complete explanation of the objectives and pro-

tocols for potential participants, they had the right to
voluntarily participate in or withdraw from the study at
any time. They were assured that their responses would
remain anonymous and confidential. Written informed
consent and oral assent were obtained from parents and
students, respectively.

RESULTS
In total, 23 043 school students (50.8% boys) completed
the study. The mean age of participants was 12.55
±3.31 years without significant difference in terms of
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gender. Overall, 73.4% of participants were from urban
areas and 26.6% from rural areas. Table 1 presents the
mean (95% CI) of anthropometric measures by age and
sex. It shows that except for those aged 7–10 years (hip
circumference), participants aged 10–14 years (height,
BMI and hip circumference), as well as BMI in students
aged 14–18 years, other measures were higher in boys
than in girls.
The mean (SD) values of NC according to overweight,

general and abdominal obesity are presented in table 2.
Regardless of some aspects of exceptions in boys aged 8,
9, 17 and 18 years and girls aged 8 and 13 years, in both
genders and in all age groups, the mean value of NC
was significantly higher in those with overweight, general
and abdominal obesity than in other participants.
Table 3 presents the correlation of NC with other

anthropometric measures. In both genders and in the
whole population studied, wrist circumference had a
strong positive correlation with all anthropometric mea-
sures. On the other hand, modelling of different situa-
tions of associations showed that wrist circumference, in
crude modelling and models adjusted for age, sex and
living area, had a statistically significant positive correl-
ation with overweight, general and abdominal obesity
(table 4).
As presented in table 5, in all age groups and in both

genders, NC performed relatively well in classifying par-
ticipants to overweight (AUC: 0.67 to 0.75, p<0.001),
general obesity (AUC: 0.81 to 0.85, p<0.001) and
abdominal obesity (AUC: 0.73 to 0.78, p<0.001).
Figures 1–3 show the ROC curves of NC for predicting
overweight, general and abdominal obesity by age cat-
egories. The AUC was statistically lower in students aged
14–18 years than in those aged 7–10 and 10–14 years in
those participants with overweight, general and abdom-
inal obesity.
Table 6 presents the optimal cut-off point of NC to

predict the presence of overweight, general and abdom-
inal obesity with their corresponding specificity and sen-
sitivity by gender.

DISCUSSION
Our findings show a significant association between NC
and other anthropometric measurements of obesity in
both genders of a national sample of the Iranian paedi-
atric population. These evidence from a large
population-based study, proposed that measuring of NC
can be considered as an easy-to-use clinical marker and
novel predictor of obesity.
Obesity/overweight become most arguably serious

chronic health problem of children in most popula-
tions.16 Many studies have linked increased adverse
health outcomes of childhood obesity even as short-term
or long-term consequences.1 2 4 Controlling the epi-
demic of childhood obesity, detection, early prevention
and treatment of childhood obesity are important prior-
ities that need accurate diagnostic measures.5 Screening

and monitoring tools must be low-cost, quick and easy to
use, and generally acceptable to both patients and
health practitioners.12 14

Some studies conducted in adults revealed the value
of NC as a simple screening tool for identifying indivi-
duals with high BMI6 or confirmed the association of
NC with other obesity indexes.14 22 However, limited
experiences exist on the potential value of NC measure-
ment as an index of obesity in the paediatric age
group.14 22 23 A limited number of studies exist on the
reference data set of NC in children; the Canadian
Health Measures Survey and Identification and
Prevention of Dietary-and lifestyle-induced health Effects
in Children and infants ‘IDEFICS’ have presented such
data.24 25 No previous large study has been conducted in
the paediatric population of the Middle East and North
Africa region.
NC can be used as an additional measure to screen

children with overweight and obesity as suggested by
Nafiu et al.12 Previous studies have found that NC, as a
single marker of the upper body subcutaneous fat,
seems a novel identity of pathogenic fat deposit.26

NC above the 50th centile is also proposed as a sensi-
tive, valid new tool and a sensitive predictor of over-
weight/obesity (BMI>85th centile).24 In one study, the
cut-off values that showed higher sensitivity and specifi-
city for NC to detect overweight in pre-pubertal and
pubertal girls were 28.25 and 31.35 cm, respectively.27

Some other investigations revealed a significant associ-
ation between NC and increased risk of adverse health
consequences of excess weight.25 28

In some previous research, NC has been highly corre-
lated with WC and BMI all in all gender-age groups.
Our findings are consistent with a study in Brazilian ado-
lescents that found a high prevalence of elevated NC
and its association with BMI, WC and body fat percen-
tages.29 It suggested that upper body subcutaneous fat,
obtained through NC measurement, could possibly rep-
resent greater metabolic risk than visceral fat.27 A study
of Han children aged 7–12 years also showed a signifi-
cant correlation of NC with age, BMI and WC in both
genders. These findings proposed NC as a simple, inex-
pensive and accurate tool for identifying overweight and
obese children.30

Validation of NC against WC and BMI, which is
reported by Hatipoglu et al,14 showed that NC could be
served as an easy way to determine overweight and
obesity in children, indicating good correlation with car-
diovascular risk factors. Consistent with this study, NC
also performed well as an index of high BMI in young
children and adolescents of both genders, in previous
research.10 12 14 Some studies also emphasised on pre-
dictive value of NC in detection of children who are at
risk of central fat distribution, or even poor cardiovascu-
lar health.10 14 31 32 For instance, a cross-sectional study
conducted among 1058 children aged 6–18 years
revealed that the joint presence of wide NC and higher
BMI was associated with a significantly higher prevalence
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Table 1 The mean (95% CI) of anthropometric characteristics of participants by age and sex: the CASPIAN-IV Study

Age (year)-sex

group Weight (kg) Height (cm) BMI (kg/m2) WC (cm) Neck (cm) WHR WHtR Hip (cm)

Age group—boys

7 22.9 (22.4 to

23.4)

127.2 (122.8 to

131.5)

15.6 (15.3 to

15.9)

56.6 (55.9 to

57.3)

26.7 (26.4 to

27.0)

0.869 (0.860

to0.878)

0.468 (0.463 to

0.474)

65.4 (64.6 to

66.1)

8 25.1 (24.6 to

25.5)

124.7 (123.9 to

125.5)

16.1 (15.8 to

16.5)

57.6 (57.0 to

58.2)

27.4 (27.0 to

27.9)

0.859 (0.853

to0.865)

0.463 (0.457 to

0.468)

67.1 (66.6 to

67.7)

9 27.5 (26.9 to

28.2)

129.9 (129.2 to

130.6)

16.2 (16.0 to

16.5)

59.3 (58.6 to

60.1)

27.8 (27.3 to

28.2)

0.852 (0.843 to

0.860)

0.456 (0.451 to

0.462)

69.9 (69.0 to

70.7)

10 31.3 (30.5 to

32.0)

135.1 (134.3 to

135.9)

17.1 (16.8 to

17.4)

61.5 (60.7 to

62.3)

28.2 (28.0 to

28.5)

0.849 (0.841 to

0.858)

0.455 (0.450 to

0.460)

72.5 (71.6 to

73.3)

11 35.2 (34.4 to

36.1)

140.4 (139.8 to

141.1)

17.8 (17.4 to

18.0)

64.2 (63.5 to

65.0)

29.0 (28.8 to

29.3)

0.845 (0.839 to

0.851)

0.457 (0.452 to

0.462)

76.0 75.2 to

76.9)

12 39.7 (38.9 to

40.6)

145.5 (144.8 to

146.3)

18.7 (18.3 to

19.0)

67.5 (66.5 to

68.5)

29.9 (29.6 to

30.0)

0.850 (0.841 to

0.860)

0.463 (0.458 to

0.469)

79.5 78.6 to

80.5)

13 44.4 (43.3 to

45.4)

151.5 (150.5 to

152.4)

19.2 (18.9 to

19.5)

70.3 (69.2 to

71.5)

31.0 (30.5 to

31.3)

0.856 (0.845 to

0.867)

0.464 (0.458 to

0.470)

82.4 81.3 to

83.50)

14 49.6 (48.4 to

50.9)

157.9 (156.9 to

158.9)

19.8 (19.4 to

20.2)

71.9 (70.6 to

73.0)

31.5 (31.2 to

31.9)

0.839 (0.830 to

0.849)

0.455 (0.448 to

0.461)

85.6 (84.4 to

86.7)

15 55.7 (54.5 to

56.9)

164.6 (163.7 to

165.5)

20.4 (20.1 to

20.8)

73.6 (72.4 to

74.7)

32.9 (32.5 to

33.3)

0.834 (0.826 to

0.841)

0.446 (0.441 to

0.452)

88.3 (87.1 to

89.5)

16 60.7 (59.5 to

61.9)

169.9 (169.2 to

170.5)

21.0 (20.6 to

21.4)

75.8 (74.8 to

76.7)

34.4 (34.0 to

34.8)

0.831 (0.824 to

0.839)

0.446 (0.441 to

0.451)

91.3 (90.3 to

92.3)

17 64.6 (63.4 to

65.9)

172.4 (171.5 to

173.3)

21.6 (21.3 to

22.0)

76.9 (75.8 to

78.0)

35.5 (34.7 to

36.2)

0.837 (0.829 to

0.845)

0.446 (0.440 to

0.451)

91.9 (90.7 to

93.1)

18 65.5 (63.6 to

67.3)

173.2 (172.0 to

174.3)

21.8 (21.4 to

22.3)

77.3 (75.7 to

78.8)

35.8 (35.3 to

36.3)

0.845 (0.828 to

0.862)

0.446 (0.439 to

0.453)

92.0 (90.6 to

93.5)

7–10 26.6 (26.1 to

27.0)

127.5 (126.7 to

128.1)

16.2 (16.0 to

16.5)

58.7 (58.2 to

59.2)

27.5 (27.3 to

27.8)

0.857 (0.852 to

0.862)

0.461 (0.457 to

0.464)

68.6 (68.1 to

69.1)

10–14 41.7 (40.9 to

42.5)

148.2 (147.3 to

149.0)

18.7 (18.5 to

18.9)

68.2 (67.5 to

68.9)

30.2 (30.0 to

30.4)

0.848 (0.842 to

0.854)

0.460 (0.457 to

0.463)

80.55 (79.8 to

81.3)

14–18 61.2 (60.2 to

62.1)

169.6 (169.0 to

170.3)

21.1 (20.9 to

21.4)

75.7 (74.9 to

76.5)

34.5 (34.2 to

34.8)

0.836 (0.830 to

0.842)

0.452 (0.449 to

0.456)

90.8 (89.9 to

91.6)

Age group—girls

7 22.3 (21.7 to

22.9)

119.8 (118.8 to

120.8)

15.6 (15.2 to

16.0)

54.9 (54.0 to

55.8)

25.8 (25.5 to

26.2)

0.851 (0.842

to.860)

0.460 (0.452

to.468)

64.8 (63.7 to

66.0)

8 23.8 (23.3 to

24.3)

122.8 (121.8 to

123.8)

15.9 (15.4 to

16.3)

55.5 (54.6 to

56.3)

26.7 (26.1 to

27.4)

0.848 (0.839 to

0.858)

0.453 (0.445 to

0.461)

65.8 (64.8 to

66.9)

9 27.5 (26.9 to

28.1)

129.4 (128.7 to

130.0)

16.3 (16.1 to

16.6)

58.6 (57.8 to

59.3)

27.4 (27.0 to

27.7)

0.841 (0.832 to

0.849)

0.453 (0.448 to

0.458)

70.0 (69.2 to

70.9)

Continued
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Table 1 Continued

Age (year)-sex

group Weight (kg) Height (cm) BMI (kg/m2) WC (cm) Neck (cm) WHR WHtR Hip (cm)

10 31.2 (30.5 to

32.0)

135.2 (134.4 to

135.9)

17.0 (16.7 to

17.3)

61.1 (60.3 to

61.9)

28.0 (27.7 to

28.4)

0.831 (0.823 to

0.840)

0.452 (0.446 to

0.457)

73.7 (72.7 to

74.7)

11 35.0 (34.0 to

35.9)

140.7 (139.7 to

141.7)

17.5 (17.2 to

17.9)

62.9 (62.0 to

63.7)

28.6 (28.3 to

29.0)

0.826 (0.817 to

0.834)

0.446 (0.441 to

0.452)

76.4 (75.3 to

77.5)

12 39.9 (38.9 to

40.9)

147.1 (146.2 to

148.0)

18.3 (18.0 to

18.7)

65.4 (64.6 to

66.3)

29.6 (29.2 to

30.1)

0.811 (0.804 to

0.818)

0.444 (0.439 to

0.449)

80.8 (79.8 to

81.8)

13 46.4 (45.2 to

47.5)

153.2 (152.4 to

153.9)

19.7 (19.2 to

20.1)

69.0 (68.0 to

70.0)

31.0 (30.5 to

31.4)

0.802 (0.794 to

0.809)

0.450 (0.444 to

0.456)

86.2 (85.3 to

87.1)

14 50.1 (49.1 to

51.2)

156.2 (155.7 to

156.8)

20.6 (20.1 to

21.0)

69.6 (68.9 to

70.4)

31.2 (30.9 to

31.5)

0.789 (0.782 to

0.796)

0.446 (0.441 to

0.451)

88.3 (87.5 to

89.0)

15 53.0 (52.4 to

53.8)

158.8 (158.2 to

159.3)

21.0 (20.7 to

21.3)

71.1 (70.3 to

72.0)

31.9 (31.5 to

32.2)

0.786 (0.777 to

0.794)

0.448 (0.443 to

0.453)

90.8 (90.0 to

91.6)

16 54.8 (52.0 to

55.5)

160.0 (159.5 to

160.5)

21.4 (21.1 to

21.6)

72.3 (71.5 to

73.0)

32.2 (31.9 to

32.5)

0.783 (0.776 to

0.789)

0.452 (0.447 to

0.456)

92.6 (91.9 to

93.3)

17 55.3 (54.4 to

56.1)

159.8 (159.1 to

160.3)

21.7 (21.4 to

22.0)

73.0 (72.2 to

73.9)

32.5 (32.0 to

32.9)

0.784 (0.777 to

0.791)

0.457 (0.452 to

0.463)

93.2 (92.4 to

94.1)

18 56.1 (55.0 to

57.3)

159.9 (159.2 to

160.5)

22.0 (21.5 to

22.3)

72.7 (71.6 to

73.9)

32.7 (32.0 to

33.3)

0.775 (0.764 to

0.786)

0.455 (0.448 to

0.462)

94.1 (92.9 to

95.3)

7–10 26.4 (25.9 to

27.0)

127.2 (126.4 to

128.0)

16.2 (15.9 to

16.4)

57.7 (57.1 to

58.2)

27.1 (26.8 to

27.4)

0.842 (0.837 to

0.848)

0.454 (0.450 to

0.458)

68.8 (68.0 to

69.6)

10–14 43.0 (42.2 to

43.9)

149.5 (148.7 to

150.3)

19.0 (18.8 to

19.3)

66.8 (66.3 to

67.4)

30.2 (29.9 to

30.4)

0.806 (0.802 to

0.811)

0.447 (0.444 to

0.450)

83.1 (82.3 to

83.84)

14–18 54.6 (54.0 to

55.0)

159.5 (159.2 to

159.9)

21.4 (21.2 to

21.6)

72.2 (71.6 to

72.7)

32.2 (32.0 to

32.5)

0.782 (0.778 to

0.787)

0.452 (0.449 to

0.456)

92.5 (91.9 to

93.0)

BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio; WHtR, waist to height ratio.
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Table 2 Mean (SD) of neck circumference according to overweight, general and abdominal obesity in Iranian children and adolescents by age and sex: the CASPIAN-IV

Study

Age (year)-sex group Overweight General obesity Abdominal obesity

Yes No p Value Yes No p Value Yes No p Value

Age group—boys

7 28.2 (27.7, 28.7) 26.5 (26.3, 26.7) <0.001 28.7 (28.1, 29.4) 26.5 (26.3, 26.7) <0.001 28.0 (27.4, 28.6) 26.4 (26.2, 26.6) <0.001

8 28.6 (28.2, 29.0) 27.3 (26.8, 27.8) 0.06 28.8 (28.2, 29.5) 27.3 (26.8, 27.7) 0.04 28.6 (28.2, 28.9) 27.2 (26.6, 27.7) 0.01

9 28.8 (28.1, 29.4) 27.7 (27.3, 28.0) 0.05 31.1 (29.4, 32.7) 27.5 (27.2, 27.8) <0.001 29.9 (28.9, 31.1) 27.3 (27.0, 27.7) <0.001

10 29.9 (29.4, 30.3) 28.0 (27.8, 28.3) <0.001 30.9 (30.1, 31.6) 28.0 (27.7, 28.2) <0.001 30.3 (29.8, 30.8) 27.8 (27.6, 28.0) <0.001

11 30.6 (30.3, 31.0) 28.8 (28.6, 28.9) <0.001 33.4 (32.7, 34.0) 28.5 (28.4, 28.7) <0.001 31.7 (31.3, 32.2) 28.4 (28.2, 28.5) <0.001

12 31.6 (31.3, 32.0) 29.5 (29.3, 29.7) <0.001 33.4 (32.9, 34.0) 29.4 (29.2, 29.6) <0.001 32.3 (31.9, 32.7) 29.0 (28.9, 29.2) <0.001

13 33.1 (32.0, 34.1) 30.5 (30.2, 30.8) <0.001 34.2 (33.2, 35.3) 30.6 (30.3, 30.9) <0.001 33.2 (32.4, 34.0) 30.1 (29.8, 30.4) <0.001

14 32.9 (32.2, 33.5) 31.4 (31.1, 31.6) <0.001 34.6 (33.7, 35.5) 31.3 (31.1, 31.6) <0.001 33.3 (32.8, 33.8) 31.0 (30.8, 31.2) <0.001

15 34.6 (34.1, 35.1) 32.6 (32.3, 33.0) <0.001 37.0 (36.1, 37.8) 32.6 (32.3, 33.0) <0.001 35.5 (35.0, 36.0) 32.4 (32.0, 32.7) <0.001

16 37.0 (36.0, 38.1) 33.9 (33.7, 34.1) <0.001 39.0 (38.1, 39.9) 34.1 (33.9, 34.3) <0.001 37.4 (36.7, 38.1) 33.7 (33.5, 34.0) <0.001

17 36.5 (35.7, 37.3) 35.3 (34.5, 36.1) 0.26 39.1 (38.4, 39.8) 35.2 (34.4, 35.9) <0.001 38.5 (37.5, 39.5) 34.9 (34.1, 35.7) <0.001

18 36.9 (35.8, 37.9) 35.7 (35.3, 36.1) 0.04 39.3 (38.3, 40.4) 35.6 (35.3, 36.0) <0.001 38.5 (37.5, 39.4) 35.3 (34.9, 35.7) <0.001

7–10 28.8 (28.6, 29.1) 27.4 (27.2, 27.6) <0.001 29.8 (29.3, 30.3) 27.3 (27.1, 27.5) <0.001 29.1 (28.8, 29.5) 27.2 (27.0, 27.4) <0.001

10–14 32.0 (31.6, 32.4) 29.9 (29.8, 30.0) <0.001 33.8 (33.4, 34.2) 29.9 (29.7, 30.0) <0.001 32.6 (32.3, 32.9) 29.5 (29.4, 29.6) <0.001

14–18 36.20 (35.7, 36.6) 34.3 (34.0, 34.5) <0.001 38.5 (38.1, 39.0) 34.3 (34.0, 34.5) <0.001 37.3 (36.9, 37.70 34.0 (33.7, 34.2) <0.001

Age group—girls

7 26.7 (26.1, 27.4) 25.7 (25.5, 26.0) <0.001 28.9 (27.9, 29.9) 25.7 (25.5, 25.9) <0.001 26.7 (26.1, 27.3) 25.7 (25.5, 25.9) <0.001

8 27.2 (26.5, 27.9) 26.7 (26.1, 27.3) 0.62 29.4 (25.6, 33.3) 26.6 (26.0, 27.1) 0.01 29.1 (27.6, 30.6) 26.3 (25.7, 26.9) <0.001

9 29.9 (28.5, 31.4) 27.0 (26.8, 27.2) <0.001 29.6 (28.6, 30.6) 27.3 (27.0, 27.5) <0.001 29.8 (28.6, 31.0) 26.9 (26.7, 27.1) <0.001

10 29.7 (29.1, 30.4) 27.7 (27.4, 28.1) <0.001 31.8 (31.1, 32.4) 27.7 (27.4, 28.0) <0.001 30.2 (29.6, 30.8 27.5 (27.2, 27.9) <0.001

11 31.3 (30.0, 32.6) 28.2 (28.0, 28.5) <0.001 32.5 (31.4, 33.6) 28.5 (28.2, 28.7) <0.001 31.7 (30.4, 33.1) 28.2 (28.0, 28.4) <0.001

12 31.3 (30.8, 31.8) 29.4 (29.0, 29.8) <0.001 33.8 (30.3, 37.2) 29.4 (29.1, 29.7) <0.001 32.1 (30.8, 33.4) 29.2 (28.9, 29.5) <0.001

13 32.4 (31.9, 32.9) 30.7 (30.3, 31.2) 0.002 33.6 (32.8, 34.3) 30.8 (30.4, 31.2) 0.002 33.8 (32.5, 35.1) 30.4 (30.0, 30.7) 0.002

14 33.4 (32.6, 34.3) 30.9 (30.7, 31.1) <0.001 34.7 (34.1, 35.4) 30.9 (30.7, 31.1) <0.001 34.0 (33.2, 34.8) 30.7 (30.5, 30.9) <0.001

15 33.4 (32.9, 33.8) 31.6 (31.3, 31.9) <0.001 36.2 (34.3, 38.0) 31.6 (31.4, 31.9) <0.001 34.4 (33.6, 35.1) 31.4 (31.2, 31.6) <0.001

16 34.2 (33.6, 34.9) 31.8 (31.6, 32.0) <0.001 36.4 (35.7, 37.1) 32.0 (31.8, 32.2) <0.001 35.0 (34.3, 35.7) 31.6 (31.4, 31.8) <0.001

17 34.3 (33.8, 34.8) 32.2 (31.9, 32.6) <0.001 36.1 (33.0, 39.2) 32.3 (32.0, 32.6) <0.001 35.1 (33.7,)36.5 31.8 (31.6, 32.0) <0.001

18 35.16 (33.9, 36.4) 32.3 (32.0, 32.6) <0.001 35.2 (34.2, 36.3) 32.5 (32.2, 32.9) <0.001 34.8 (33.84, 35.7) 32.1 (31.8, 32.47) <0.001

7–10 28.8 (28.2, 29.3) 26.9 (26.6, 27.1) <0.001 30.1 (29.0, 31.3) 26.9 (26.7, 27.1) <0.001 29.3 (28.7, 29.9) 26.7 (26.5, 26.9) <0.001

10–14 32.1 (31.8, 32.5) 29.9 (29.7, 30.0) <0.001 33.8 (32.9, 34.6) 29.9 (29.8, 30.1) <0.001 33.0 (32.4, 33.7) 29.7 (29.5, 29.8) <0.001

14–18 34.1 (33.8, 34.5) 32.0 (31.8, 32.1) <0.001 36.0 (35.1, 37.0) 32.0 (31.9, 32.2) <0.001 34.8 (34.3, 35.3) 31.7 (31.6, 31.8) <0.001
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of elevated blood pressure (BP).33 Another study in 324
Greek children aged 9–13 years found that NC was asso-
ciated with most cardiovascular disease (CVD) risk
factors. The study showed that the association of NC and
CVD was comparable to the observed relations of BMI
z-score, WC, hip circumference (HC), waist-to-hip ratio
(WHR) and WHtR.34 In line with these studies, NC
measurement was indicated as a reliable anthropometric
index to predict children with cardiometabolic disease.32

NC measurement is a reliable and inexpensive index,
with easier measurement than other indexes of adipos-
ity, that is, WC and BMI.6 32 35 In addition, measurement
of NC may be used as a predictor tool for obstructive
sleep apnoea, especially in obese children.23 36

Furthermore, neck-to-waist ratio, as an index of body fat

distribution, could predict obstructive sleep apnoea in
older children and adolescents, especially in those who
are overweight and/or obese.28

This study was the first of its kind to find the associ-
ation of NC and anthropometric indices in the paediat-
rics in Iran. A nationwide survey and large sample size
could serve the data representative in Iranian children
and adolescents. These findings might be practical for
health policymakers. Methodologically, using the best
updated fitted methods on almost gathered qualified
data led to more accurate estimations.
However, the study had some limitations that should

be considered in interpreting the data. First, the cross-
sectional nature of the study, to some extent, limits its
interpretation as to causality of associations.

Table 3 Pearson’s correlation between neck circumference and anthropometric characteristics in Iranian children and

adolescents by sex: the CASPIAN-IV study

Neck circumference (cm)

Sex

Boys Girls Total

Anthropometric measures

Pearson’s

correlation p Value

Pearson’s

correlation p Value

Pearson

correlation p Value

Weight (cm) 0.546* <0.001 0.481* <0.001 0.519* <0.001

Height (cm) 0.506* <0.001 0.416* <0.001 0.470* <0.001

BMI (kg/m2)† 0.389* <0.001 0.387* <0.001 0.384* <0.001

WC (cm)* 0.491* <0.001 0.456* <0.001 0.479* <0.001

WHR‡ 0.035* <0.001 −0.020 <0.001 0.023* <0.001

WHtR§ 0.156* <0.001 0.222* <0.001 0.188* <0.001

Hip (cm) 0.505* <0.001 0.464* <0.001 0.478* <0.001

Age group (year)

7–10 11–14 15–18

Weight (cm) 0.232* <0.001 0.451* <0.001 0.366* <0.001

Height (cm) 0.183* <0.001 0.334* <0.001 0.259* <0.001

BMI (kg/m2)† 0.146† <0.001 0.350* <0.001 0.264* <0.001

WC (cm)* 0.258* <0.001 0.433* <0.001 0.335* <0.001

WHR‡ 0.018 <0.001 0.084* <0.001 0.139* <0.001

WHtR§ 0.163† <0.001 0.302* <0.001 0.238* <0.001

Hip (cm) 0.253* <0.001 0.407* <0.001 0.260* <0.001

*Waist circumference.
†BMI.
‡WHtR.
§WHR.
BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

Table 4 Association of neck circumference with overweight, general and abdominal obesity in a logistic regression model:

the CASPIAN study

Model

Overweight General obesity Abdominal obesity

OR (95% CI) OR (95% CI) OR (95% CI)

Neck circumference (cm) Model I 1.06 (1.05 to 1.07)* 1.07 (1.06 to 1.08)* 1.12 (1.11 to 1.13)*

Model II 1.07 (1.06 to 1.08)* 1.10 (1.08 to 1.11)* 1.20 (1.18 to 1.21)*

Model I: without adjustment.
Model II: adjusted for age, sex and living area.
*Statistically significant.
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Table 5 Area under curve (AUC) for detection of overweight, general and abdominal obesity based on the neck

circumference in Iranian children and adolescents by sex and age: the CASPIAN-IV study

Age (year) sex group

Overweight General obesity Abdominal obesity

AUC

(95% CI) SE p Value

AUC

(95% CI) SE p Value

AUC

(95% CI) SE p Value

Age group—boys

7 0.774 0.024 <0.001 0.788 0.037 <0.001 0.682 0.026 <0.001

8 0.739 0.021 <0.001 0.715 0.031 <0.001 0.719 0.020 <0.001

9 0.713 0.030 <0.001 0.804 0.036 <0.001 0.745 0.025 <0.001

10 0.753 0.024 <0.001 0.817 0.034 <0.001 0.799 0.024 <0.001

11 0.762 0.018 <0.001 0.908 0.019 <0.001 0.838 0.018 <0.001

12 0.764 0.018 <0.001 0.866 0.020 <0.001 0.830 0.015 <0.001

13 0.761 0.019 <0.001 0.824 0.028 <0.001 0.790 0.017 <0.001

14 0.691 0.030 <0.001 0.787 0.038 <0.001 0.730 0.022 <0.001

15 0.714 0.023 <0.001 0.853 0.030 <0.001 0.785 0.021 <0.001

16 0.761 0.018 <0.001 0.866 0.028 <0.001 0.801 0.018 <0.001

17 0.676 0.026 <0.001 0.855 0.026 <0.001 0.779 0.021 <0.001

18 0.681 0.035 <0.001 0.824 0.037 <0.001 0.768 0.024 <0.001

7–10 0.730 0.013 <0.001 0.763 0.018 <0.001 0.718 0.012 <0.001

10–14 0.725 0.010 <0.001 0.837 0.012 <0.001 0.796 0.009 <0.001

14–18 0.693 0.012 <0.001 0.843 0.015 <0.001 0.772 0.011 <0.001

Age group—girls

7 0.627 0.040 <0.001 0.848 0.038 <0.001 0.632 0.036 <0.001

8 0.676 0.033 <0.001 0.722 0.045 <0.001 0.751 0.025 <0.001

9 0.796 0.018 <0.001 0.814 0.037 <0.001 0.793 0.021 <0.001

10 0.756 0.024 <0.001 0.889 0.023 <0.001 0.802 0.021 <0.001

11 0.781 0.023 <0.001 0.850 0.038 <0.001 0.791 0.025 <0.001

12 0.734 0.024 <0.001 0.784 0.039 <0.001 0.743 0.023 <0.001

13 0.722 0.021 <0.001 0.802 0.026 <0.001 0.763 0.020 <0.001

14 0.763 0.022 <0.001 0.852 0.022 <0.001 0.778 0.021 <0.001

15 0.741 0.018 <0.001 0.797 0.035 <0.001 0.755 0.020 <0.001

16 0.749 0.018 <0.001 0.895 0.020 <0.001 0.802 0.018 <0.001

17 0.773 0.021 <0.001 0.782 0.047 <0.001 0.761 0.022 <0.001

18 0.755 0.025 <0.001 0.770 0.042 <0.001 0.728 0.023 <0.001

7–10 0.731 0.014 <0.001 0.803 0.020 <0.001 0.753 0.013 <0.001

10–14 0.729 0.011 <0.001 0.822 0.015 <0.001 0.759 0.011 <0.001

1–18 0.748 0.010 <0.001 0.816 0.018 <0.001 0.766 0.010 <0.001

Figure 1 Receiver operating characteristic curve of neck

circumference for predicting obesity in Iranian children and

adolescents by age categories. ROC, receiver operating

characteristic.

Figure 2 Receiver operating characteristic curve of neck

circumference for predicting overweight in Iranian children and

adolescents by age categories. ROC, receiver operating

characteristic.
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Furthermore, in this study, we were not able to measure
fat mass as an indicator of excess weight, and obesity was
defined according to BMI. Moreover, as in ROC ana-
lyses, the predictive values and likelihood ratios depend
on the overall outcome prevalence (childhood obesity/
overweight), conclusions may not be applicable to other
far different populations37 and these results are exclu-
sively applicable at a national level, and possibly at a
regional level.

Conclusion
Consistent with some previous studies in children and
adolescents, the findings of the present investigation
showed that NC could be proposed as an index of
obesity/overweight in both genders of the paediatric age
group. We propose that NC could be a useful screening
measure for identifying overweight or obese children
and adolescents at the population level.

Figure 3 Receiver operating characteristic curve of neck

circumference for predicting abdominal obesity in Iranian

children and adolescents by age categories. ROC, receiver

operating characteristic.

Table 6 Threshold, sensitivity and specificity of neck circumference for detecting overweight, obesity and abdominal obesity

in Iranian children and adolescents by sex and age groups: the CASPIAN IV study

Age

(year)-sex

group

Overweight General obesity Abdominal obesity

Cut-off

point Sensitivity Specificity

Cut-off

point Sensitivity Specificity

cut-off

point Sensitivity Specificity

Age group—boys

7 27.05 0.63 0.73 27.05 0.76 0.72 26.45 0.71 0.68

8 27.65 0.70 0.67 27.55 0.70 0.66 27.05 0.68 0.64

9 28.05 0.64 0.74 28.55 0.76 0.77 27.95 0.75 0.63

10 28.65 0.73 0.67 29.05 0.79 0.78 28.55 0.79 0.70

11 29.55 0.76 0.71 30.75 0.87 0.85 29.95 0.79 0.76

12 30.55 0.74 0.73 31.05 0.81 0.81 30.65 0.78 0.78

13 31.45 0.73 0.71 32.05 0.77 0.78 31.05 0.72 0.75

14 32.05 0.67 0.67 32.80 0.77 0.71 31.90 0.72 0.60

15 33.45 0.70 0.65 34.95 0.83 0.78 33.80 0.75 0.69

16 34.95 0.78 0.64 36.05 0.82 0.82 35.05 0.70 0.77

17 35.45 0.70 0.61 36.60 0.78 0.76 35.90 0.74 0.66

18 36.05 0.67 0.68 37.10 0.73 0.77 36.15 0.73 0.71

7–10 27.85 0.74 0.63 28.05 0.70 0.75 27.35 0.71 0.61

10–14 30.15 0.76 0.63 31.95 0.78 0.76 30.75 0.77 0.71

14–18 34.95 0.72 0.60 36.06 0.78 0.80 35.05 0.71 0.73

Age group—girls

7 25.90 0.70 0.61 27.05 0.81 0.81 25.90 0.67 0.62

8 26.25 0.69 0.63 27.15 0.67 0.76 26.55 0.70 0.69

9 27.95 0.82 0.70 28.05 0.77 0.77 27.95 0.79 0.71

10 28.55 0.76 0.73 29.90 0.89 0.84 28.45 0.75 0.72

11 29.05 0.76 0.72 30.25 0.82 0.82 29.05 0.76 0.72

12 30.05 0.69 0.71 30.90 0.78 0.73 30.05 0.67 0.72

13 31.10 0.65 0.68 32.05 0.71 0.79 31.25 0.72 0.71

14 31.90 0.78 0.67 32.25 0.78 0.76 31.65 0.72 0.68

15 32.05 0.62 0.71 32.90 0.78 0.72 32.05 0.68 0.73

16 32.60 0.70 0.69 34.10 0.81 0.86 32.75 0.76 0.72

17 32.85 0.80 0.68 33.05 0.73 0.74 32.95 0.72 0.71

18 32.96 0.75 0.66 33.25 0.73 0.73 32.20 0.72 0.64

7–10 27.45 0.71 0.69 27.95 0.78 0.70 27.05 0.73 0.70

10–14 30.45 0.75 0.64 31.35 0.76 0.75 30.90 0.73 0.68

14–18 32.85 0.70 0.70 33.45 0.77 0.77 32.55 0.71 0.72
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