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hypertensive boys, was 28.5-29.5cm with a
sensitivity of 87.3% and a specificity 20.3%. The
best cut-off value of NC by ROC curve to identify
hypertensive girls, was 25.5-26.5cm with a
sensitivity of 82.6% and a specificity 22.3%.

Abstract
Background: Overweight / obesity is a major risk
factor for non-communicable disease (NCD). Neck
circumference (NC), a measure of upper body fat,
can be used to predict obesity and its related
disorders.

Conclusions: In our study there was a strong
association of elevation in BP with high NC and
overweight/obesity. The NC measurement was a
simple, non-invasive test to detect obesity and
hypertension in children.

Objectives: To find the association of NC and
obesity with blood pressure (BP) in children aged 612 years.
Method: A cross-sectional observational study was
carried out over a period of 5 months; 800 children
aged 6 to 12 years were included in the study and
their body mass index (BMI), NC and BP were
recorded with standard techniques. Children with
malnutrition, neck abnormalities and metabolic
disorders were excluded from the study. All
variables were analysed using SPSS version 21.
Receiver Operating Characteristic (ROC) curve was
used to determine the best cut-off value of NC to
predict obesity and hypertension.

(Key words: Body mass index, Obesity, Neck
circumference, Hypertension)
Introduction
Globally, there is a rapid increase in prevalence of
overweight / obesity in childhood and adolescence1.
Overweight / obesity is a major risk factor for noncommunicable disease (NCD)2. Regional fat
deposition, especially upper body fat, is associated
with increased free levels of fatty acids3,4. Though
dual x-ray absorptiometry, bio-impedance and
hydro-densitometry more accurately measure body
fat content and distribution, they are neither practical
nor inexpensive5. Neck circumference (NC) has
been used to measure upper body fat which
strengthens the relevance of measuring NC to detect
overweight / obesity and hypertension in children6,7.
Early identification will help in reducing the
incidence of NCDs in the future.

Results: Of 800 children, 463 (57.9%) were boys
and 337 (42.1%) were girls; 46 (9.9%) boys and 16
(4.7%) girls were obese and 55 (11.9%) boys and 46
(13.6%) girls were hypertensive. NC had a
significant correlation with BMI in both boys and
girls (p <0.001). Median NC in boys was 28 (26-29)
and 27 (26-29) in girls. The best cut-off value of NC
by ROC curve to identify obese boys was 24.525.5cm with a sensitivity of 93.5% and a specificity
of 9.6%. The best cut-off value of NC by ROC curve
to identify obese girls was 24.5-25.5cm with a
sensitivity of 93.8% and a specificity 12.8%. The
best cut-off value of NC by ROC curve to identify
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Objectives
To find the association of NC and obesity with blood
pressure (BP) in children aged 6-12 years.
Method
A cross-sectional observational study was carried
out in the paediatric outpatient department of
Aarupadai Veedu Medical College and Hospital
over a period of 5 months (April–August 2021). A
total of 800 children aged 6-12 years was included
in the study. Children with malnutrition, neck
abnormalities and metabolic disorders were
excluded from the study.
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Anthropometric measurements such as weight (in
kg) with digital scale, height (in cm) with
stadiometer and body mass index (BMI) were
calculated. BMI was plotted on the revised Indian
Association of Paediatrics (IAP) 2015 growth charts
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and the children were categorised as normal (5th to
84th centile), overweight (85th to 94th centile) and
obese (above 95th centile)8.

Pondicherry, India (No: AV/IEC/2021/004).
Written informed consent/assent was obtained from
parents / participants.

NC was measured with a flexible tape with child
standing, head erect, eyes facing forward; tape was
placed just below the laryngeal prominence and
positioned perpendicular to the long axis of the neck
at the level of the thyroid cartilage. NC was
measured to the closest 0.1 cm and plotted; it was
categorised as normal (≤90th centile) or high (>90th
centile)9.

Statistical analysis: This was done using SPSS
version 21. Continuous variables presented as
median (interquartile range) and categorical
variables as frequency and percentage. Spearman
rank correlation was used to find the association
between the variables. To obtain gender-specific
cut-offs for overweight/obesity and hypertension,
Receiver Operating Characteristic (ROC) curve
analysis was used.

BP was recorded thrice at 15-minute intervals and
the average of the measurements was taken and
plotted; it was categorised as normal [systolic BP
(SBP) and diastolic BP (DBP) <90th centile), prehypertension (average SBP or DBP between >90th
centile and <95th centile) and hypertension (average
SBP or DBP >95th centile)10,11.

Results
Of the 800 children included in the study, 463
(57.9%) were boys and 337 (42.1%) were girls; 78%
boys and 78.3% girls were of normal weight, 12.1%
boys and 16.9% girls were overweight, and 9.9%
boys and 4.7% girls were obese. Table 1 shows the
gender-wise comparison of different variables in the
study population. The results were not statistically
significant (p>0.05).

Ethical issues: The study was approved by the
Institutional Human Ethical Committee of
Aarupadai Veedu Medical College and Hospital,

Table 1: Gender-wise comparison of different variables in study population
Variable
Total (n=800)
Boys (n=463)
Girls (n=337)
p-value
Age (years) - Median (IQR)
9 (7-11)
9 (7-11)
9 (8-11)
0.1771
Weight (kg) - Median (IQR)
26 (21-32)
25 (21-32)
26 (22-32)
0.2391
Height (cm) - Median (IQR)
130 (122-138)
129 (121-137)
130 (123-139)
0.4161
2
Body mass index (kg/m ) - Median (IQR)
15.5 (13.8-17.5)
15.3 (13.8-17.3)
15.7 (14.1-17.7)
0.0691
Neck circumference (cm) - Median (IQR)
27 (26-29)
28 (26-29)
27 (26-29)
0.1301
Average SBP (mmHg) - Median (IQR)
100 (93.33-103.33)
100 (95-103.33)
100 (93.33-103.33)
0.5181
Average DBP (mmHg) - Median (IQR)
66.67 (60-70)
63.33 (60-70)
66.67 (60-70)
0.1751
1: Wilcoxon-Mann-Whitney U test; IQR: inter-quartile range, SBP: systolic blood pressure, DBP: diastolic blood pressure

Prevalence rates of overweight, obesity and
hypertension in boys and girls are shown in Table 2.

with age, weight, height, BMI and SBP in both boys
and girls and was statistically significant (p<0.05).

Table 3 shows the Spearman correlation coefficient
between NC and other anthropometric parameters
for boys and girls. NC showed a positive correlation

The accuracy of NC in identifying overweight,
obesity and hypertension amongst gender specific
group is shown in Table 4.

Table 2: Gender-wise prevalence rates of overweight, obesity and hypertension
Variable
Total
Males
Overweight
14.1%
12.1%
Obesity
7.8%
9.9%
Hypertension
12.6%
11.9%

Females
16.9%
4.7%
13.6%

Table 3: Spearman correlation coefficient between neck circumference (NC) and other parameters gender-wise
Parameter
Correlation of NC (rho) in boys p-value
Correlation of NC (rho) in girls
p-value
Age***
0.17
< 0.0011
0.23
<0.001
Weight***
0.38
< 0.0011
0.43
<0.0011
Height***
0.22
< 0.0011
0.3
<0.0011
BMI kg/mm2***
0.39
< 0.0011
0.39
<0.0011
SBP mmHg***
0.09
0.047
0.15
0.007
DBP mmHg
0.01
0.767
0.03
0.644
***Significant at p<0.05, 1: Spearman correlation, BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic
blood pressure,
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Table 4: Area under curve (AUC) including the optimal neck circumference cut-offs
Neck circumference
Overweight
Boys
Obesity
Hypertension
Overweight
Girls
Obesity
Hypertension
LR: Likelihood ratio

Cut-off (cm)
26.5-27.5
24.5-25.5
28.5-29.5
28.5-29.5
24.5-25.5
25.5-26.5

AUC
0.644
0.663
0.532
0.546
0.601
0.507

Sensitivity (%)
87.5
93.5
87.3
84.2
93.8
82.6

In boys, the best cut-off value of NC by ROC to
identify overweight was 26.5-27.5cm (AUC-0.644)
with sensitivity of 87.5% and specificity 37.4%
positive likelihood ratio (LR) 1.40 and negative LR
0.33; the best cut-off value of NC by ROC to identify
obesity was 24.5-25.5cm (AUC- 0.663) with
sensitivity of 93.5% and specificity 9.6% with
positive LR 1.76 and negative LR 0.66; the best cutoff value of NC by ROC to identify hypertension
was 28.5-9.5 cm (AUC-0.532) with sensitivity of
87.3% and specificity 20.3% with positive LR 1.17
and negative LR 0.68.

Specificity (%)
37.4
9.6
20.3
15.5
12.8
22.3

LR (+)
1.40
1.76
1.17
1.40
5.23
1.65

LR (-)
0.33
0.66
0.68
0.90
0.67
0.94

with sensitivity of 84.2% and specificity 15.5%
positive LR 1.40 and negative LR 0.90; the best cut
off value of NC by ROC to identify obesity was
24.5-25.5cm (AUC-0.601) with sensitivity of 93.8%
and specificity 12.8% with positive LR 5.23 and
negative LR 0.6); the best cut off value of NC by
ROC to identify hypertension was 25.5-26.5cm
(AUC-0.507) with sensitivity of 82.6% and
specificity 22.3% with positive LR 1.65 and
negative LR 0.94.
Table 5 is a comparison of cut-off values of NC of
other studies

In girls, the best cut-off value of NC by ROC to
identify overweight was 28.5-29.5cm (AUC- 0.546)
.
Table 5: Comparison of cut off values of neck circumference of other studies
Study
Country (year)
Age
Number Cut-off value (Boys) Cut-off value (Girls)
Hatipoglu N, et al14
Turkey (2010)
6-18
976
28.0-38.0
27.0-34.5
Nafiu O, et al15
USA (2010)
6-18
1102
28.5-39.0
27.0-34.6
Taheri M, et al16
Iran (2013)
6-17
864
27.50-38.3
26.7-33.4
Atwa H, et al17
Egypt (2012)
12-15
2762
29.3-31.7
28.6-31.4
respectively, which were low compared to our study,
whereas in a study by Nafiu O, et al15, prevalence
rates of overweight and obesity were 19.0% and
18.7% which were higher when compared to our
study. In our study, prevalence rate of hypertension
was 12.6%, whereas in studies by Kuciene R, et al10
and Nafiu O, et al15 prevalence rates were 25.1% and
19.1% respectively which were higher compared to
our study.

Discussion
Obesity in children is on the rise and is linked to
cardiovascular and metabolic illnesses. As a result,
early prevention and treatment of paediatric obesity
is critical, and a precise diagnostic criterion is
required. NC is a simple and practical
anthropometric indicator that can be used to assess
higher fat distribution, especially for screening.
Since there is different body morphology, neck skinfold was used to analyse upper body fat distribution
which is linked to obesity and its complications as
suggested first by Vague J12. NC has excellent interand intra-rater reliability, requiring no multiple
measurements for precision and consistency13.

In our study NC showed a positive correlation with
weight, height and BMI in both boys and girls which
was similar to studies by Nimawat AK, et al18 and
Yashoda HT, et al19. NC also had a positive
correlation with SBP in both boys and girls which
was similar to studies by Kuciene R, et al10 and
Nafiu O, et al15, whereas NC was not correlated with
DBP in our study which was not similar to studies
by Kuciene R, et al10 and Nafiu O, et al15.

The results of this study were similar to studies
conducted in Turkey, USA, Iran and Egypt
indicating that NC increases with the age of the child
and that NC strongly correlates with BMI14-17. Our
study is in agreement with observations made by
Hatipoglu N, et al14, Nafiu O, et al15 and Taheri M,
et al16 in which similar age groups were included
(Table 5).

The best cut-off values of NC by ROC to identify
overweight were 26.5-27.5cm in boys and 28.5-29.5
cm in girls and the best cut-off value of NC by ROC
to identify obesity was 24.5-25.5cm in both boys and
girls. This was similar to studies by Hatipoglu N, et
al14, Nafiu O, et al15, Taheri M, et al16, and Atwa H,
et al17. The best cut off values of NC by ROC to

The prevalence rates of overweight and obesity in
our study were 14.1% and 7.8% respectively. In a
study by Kuciene R, et al10, prevalence rates of
overweight and obesity were 12.6% and 3.2%
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identify hypertension were 28.5-29.5 cm in boys and
25.5-26.5cm in girls.
There were some limitations in the study. This was
a cross-sectional observation study conducted in a
single hospital set-up, the study's interpretation of
validity of correlations was limited and the results
cannot be generalised over the entire population. As
a result, our findings must be confirmed and
expanded in bigger research covering different areas
with children of a wider age range.
Conclusions
In our study there was a strong association of
elevation in BP with high NC and overweight and
obesity. The NC measurement was a simple, noninvasive test to detect obesity and hypertension in
children.
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