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Abstract: Background: Children overweight/obesity is an important risk factor for many health problems and an
indicator of heart problems and diabetes mellitus later in life. There are numerous methods of assessing overweight
and obesity. Children overweight is most commonly described by using BMI which does not adequately describe
regional (central) adiposity, other indices of body fatness are being explored. The possible role of NC in screening
for high BMI in children is not well characterized. The aims of this study were to examine the correlation between
BMI and NC in children and to determine the best NC cutoff that identifies children with high BMI. Methods: Cross
sectional study included 2762 preparatory school children, trained research assistants collected clinical data and
anthropometric measurements from all children. Pearson correlation coefficients were calculated between NC and
other obesity indices, then receiver operating characteristic analyses were done to determine the optimal NC cutoff
for identifying children with high BMI. Results: among 2762, overweight and obesity were 15.1%. NC was
significantly correlated with age, BMI, and waist circumference in both boys and girls. Optimal NC cutoff indicative
of high BMI in boys ranged from 29.3 to 31.7 cm, while corresponding values in girls ranged from 28.6 to 30.8 cm.
NC was a good indicator for BMI and even as good as WC. Conclusions: NC is significantly correlated with
overweight/obesity and can reliably identify children with high BMI. NC is a simple technique that has good inter-
rater reliability and could be used to screen for overweight and obesity in children.
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1. Introduction adolescents'®, and as a screening tool of

Childhood overweight and obesity is a cardiovascular risk in children."”
worldwide public health issue.”* The most widely The objectives of this study were to examine the
used tool for defining overweight and obesity in both correlation between NC and BMI in children, to
adults and children is BMI, which is defined as an examine the ability of NC to identify correctly
individual’s weight in kilograms divided by the children with high BMI, and to determine the best NC
square of their height in meters (BMI=kg/m?).? cut point for identifying children of various ages as
Despite the ease of use and popularity of BMI as an overweight/obese. Our a priori hypothesis was that a
anthropometric tool, it is becoming increasingly clear significant proportion of children with high BMI
that it is not a good proxy for regional adiposity.* would also have big NC.
Regional deposition of fat, especially in the upper
body segment, is a better predictor of some obesity- 2. Methods
related complications, such as hypertension, diabetes, After institutional approval, 2762 children, aged
and heart disease.” Many studies have demonstrated 12 to 15 years, were recruited to the study from
the value of waist circumference (WC) as an index of randomly selected four preparatory schools at
central obesity.*’ Other investigators have shown that Ismailia governorate: two urban and two rural schools
WC, either singly or in combination with BMI, may (for boys and girls). Children with goiter or other
have a stronger relation to some health outcomes than neck masses, and neck deformity, were excluded
BMI alone.*’ from this study.

Neck circumference (NC) has also been used as Measurements: Two trained research assistants
a potential proxy for obesity and cardiovascular took all clinical and anthropometric measurements.
disease in adults."™"" Pediatric investigators'>'* have Their measurements were standardized to minimized
attempted to use NC to screen for overweight and intra-rater and inter-rater errors.
obesity in children. Also, they used NC as a Height was measured to the nearest 0.1 cm by
parameter to determine metabolic risk factors in using a wall mounted height scale with the children
obese children'®, as an additional measure that might shoeless and head held in Frankfurt horizontal plane.
expand the ability of BMI for the identification of Body weight was measured, to the nearest 0.1 kg, by
prehypertension in normal weight children and using a calibrated digital weighing scale with children
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using light closes and shoeless. Neck Circumference
(NC) was measured by using a flexible tape, with the
children in the standing position, head held erect, at
the level of the thyroid cartilage. Waist
Circumference (WC) was measured (to the nearest
0.1 cm) with the children standing, at the end of
normal expiration, by using an inelastic tape at a
point midway between the inferior margin of the
lowest rib and the upper point of the iliac crest.
Measurements were obtained with the tape snug but
not compressing the skin. BMI was calculated for all
children and was converted to age- and gender-
specific percentiles according to the 2000 Centers for
Disease Control and Prevention growth curves.'®

BMI was calculated for each child and
percentiles were recorded according to the age and
gender specific growth chart of Egyptian children."
Children with a BMI <85th percentile were classified
as having normal weight, whereas children with a
BMI >85th percentile were classified as being
overweight/obese.”® These data were grouped
according to age and gender.

Statistical Analysis: data analysis was conducted
using SPSS 17 statistical package for Windows.
Means and Standard Deviations were calculated for
height, weight, BMI, NC and WC, and were
compared for each age and gender. Pearson
correlation coefficient was used to explore the
association between NC and other continuous
variables, such as age, WC, and BMI.

Receiver  Operating Characteristic  (ROC)
analyses® were used to determine the predictive
validity of NC as well as evaluate optimal cutoff
values for identifying overweight or obese children.
ROC curves determine the discriminatory power of a
screening measure for correctly identifying
individuals on the basis of their classification by a
reference test. The ROC curve is a plot of true-
positive rate (sensitivity) against the false-positive
rate (l-specificity). A good test will have its ROC
curve skewed to the upper left corner.”! The area
under the curve (AUC) describes the probability that
a test will correctly identify a pair of children who do
and do not have a disease and were randomly selected
from a population; a perfect score will have an AUC
of 1, whereas an AUC of 0.5 means that the test
performs no better than chance. For this study,
children with true-positive results were those with
high BMI and Big NC, children with false-positive
results were those with high NC and low BMI, and
children with false-negative results were those with
low NC and high BMI. Sensitivity was calculated as
true-positive results/ (true-positive results + false-
negative results); specificity was calculated as true-
negative results/(true-negative results + false-positive
results). Cutoff values and the corresponding AUC as
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well as the likelihood ratios (positive [LR +] and
negative [LR -]) for NC that were predictive of
overweight/obesity were computed for each age and
gender. The LR+ (+vePV) of a positive test result is
sensitivity divided by 1-specificity and indicates how
much the odds of a disease increase when a test is
positive. Conversely, the LR- (-vePV) indicates 1-
sensitivity divided by specificity and indicates how
much the odds of a disease decrease when a test is
negative.*?

3. Results

A total of 2762 preparatory school children (12-
15 years age), both sexes were recruited to this study.
Tables 1 presents the baseline characteristics of the
studied children, including the mean height, mean
weight, NC, WC and their SD for each age (12, 13,
14 and 15 years) and gender. Number of
overweight/obese children was 416 (15.1%) of the
studied sample. Distribution of children according to
body weight (normal and overweight/obese), age,
gender, and 85th percentile was presented in table 2.

Table 3 compares means and SD of children’s
age, weight, height, BMI, WC and NC in high and
normal BMI for both sexes. Except for age, all means
for boys and girls were significantly higher in
overweight/obese children than in their normal
weight peers.

Table 4 presents the Pearson’s correlation
coefficients between NC (cm) and some clinical and
anthropometric parameters for boys and girls. NC
showed a strong positive correlation with age, BMI,
WC, and height and weight in both boys and girls.

Table 5 shows the correlation coefficients for
NC and BMI, together with the AUC for each age
group and gender, including the optimal NC cutoffs
and the corresponding sensitivities and specificities
for classifying children into high BMI groups. The
predictive values for each cutoff points are also
shown. For example, +vePV for a 12-year-old boy
with NC 29.3 cm indicates that he is 2.09 times more
likely to be overweight or obese than a 12-year-old
boy with NC values below this cut point.

As in table 5, table 6 shows the Pearson's
correlation coefficient for WC and BMI, together
with the AUC for each age group and gender,
including the optimal NC cutoffs and the
corresponding  sensitivities and specificities for
classifying children into high BMI groups. The
predictive values for each cutoff points are also
shown.

Tables 5 & 6 demonstrate that NC has
performed comparably as good as WC in predicting
high BMI and so overweight and obesity in the
studied children.
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Table (1): Baseline characteristics of children participated in the study classified according to age and gender

Gender/age No. (%) Ht Mean +SD | Wt Mean +SD NC +SD WC +SD
BOYS age (yrs) (n=1327)
12 244 (18.4) 152.0+8.1 43.549.8 27.3+2.7 70.5+7.7
13 393 (29.6) 156.8+5.6 52.9+11.9 29.143.0 73.9+11.4
14 377 (28.4) 160.4+6.3 56.9+12.0 30.0+2.7 75.249.7
15 313 (23.6) 165.2+5.2 58.0+10.3 30.3+2.3 76.2+8.5
GIRLS age (yrs) (n=1435)
12 295 (20.6) 150.8+6.0 49.6+11.6 27.242.9 71.5+7.9
13 407 (28.4) 153.345.6 55.9+13.3 29.4+3.2 73.4+10.6
14 389 (27.0) 157.145.2 60.9+13.1 30.1+2.9 76.519.9
15 344 (24.0) 157.6+6.1 60.8+6.2 30.843.0 77.246.5

Table (2): Distribution of overweight/obese and normal weight children according to age groups and gender

Gender/age Me]:rl:/liISD 85" Percentile Overvl&:?ég?(% )O bese NOI'E(E;I (\Zglght
BOYS age (yrs) (n=193) (n=1134)
12 18.743.1 21.0 35 (14.3%) 209 (85.7%)
13 21.4+4.2 24.2 58 (14.8%) 335 (85.2%)
14 22.0+3.8 25.0 55 (14.6%) 322 (85.4%)
15 21.243.6 23.6 45 (14.4%) 268 (85.6%)
GIRLS age (yrs) (n=223) (n=1211)
12 21.7+44.2 25.8 46 (15.6%) 248 (84.4%)
13 23.6+4.7 29.1 61 (15.0%) 346 (85.0%)
14 24.5+4.6 29.0 62 (15.9%) 327 (84.1%)
15 243439 26.6 54 (15.7%) 290 (84.3%)
Total 416 (15.1%) 2346 (84.9%)
Table (3): Mean values +SD of children’s characteristics according to BMI and gender
Variables Normal BMI (n=415) High BMI (n=2346) P value
Boys
Age (yrs) 13.6+1.0 13.6+1.0 9
Weight (kg) 73.4+12.3 50.148.5 <.001
Height (cm) 161.7+7.4 158.5+7.6 <.001
BMI (kg/m’) 28.1+4.5 19.8+2.2 <.001
WC (cm) 88.68.0 71.5+£7.9 <.001
NC (cm) 33.442.2 28.5+2.4 <.001
Girls
Age (yrs) 13.5+1.0 13.5+1.0 9
Weight (kg) 77.7+£10.7 53.449.6 <.001
Height (cm) 156.745.9 154.5+6.3 <.001
BMI (kg/m’) 31.5+3.2 22.243.0 <.001
WC (cm) 86.5+6.1 72.5+7.9 <.001
NC (cm) 33.143.2 28.842.8 <.001
Table (4): Relationship between NC and other anthropometric variables by gender
NC (cm)
Variables Boys Girls
r R P
Age 33 <.001 .36 <.001
Weight .68 <.001 .68 <.001
Height .34 <.001 .39 <.001
BMI .67 <.001 .65 <.001
WC (cm) 72 <.001 .63 <.001
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Table (5): Pearson’s correlation coefficient, AUCs, p value, 95%CI, cutoff values, sensitivity and 1-specificity
for NC associated with overweight/obesity among the study group of children

Pearson's P
coefficient AUC | 95% CI
NC/BMI value
BOYS
12 .619 .898 <.001 .83-.96
13 735 938 <.001 .91-.96
14 .633 .947 <.001 .92-.97
15 .563 .943 <.001 .91-.97
GIRLS
12 728 912 <.001 .88-.94
13 .628 .881 <.001 .85-.92
14 .576 811 <.001 .76-.86
15 .640 .880 <.001 .83-93

Cutoff Sensitivit 1- +vePV  -vePV
Point Y Specificity (LR+) (LR-)
29.3 .94 45 2.09 0.10
313 91 .16 5.69 0.10
323 91 .09 10.11 0.10
31.7 .96 .16 6.00 0.05
28.6 .96 17 5.65 0.05
29.5 .95 31 3.06 0.07
29.7 .90 44 2.05 0.18
30.8 91 37 2.46 0.14

Table (6): Pearson’s correlation coefficient, AUCs, p value, 95% CI, cutoff values, sensitivity and 1-specificity
for WC as a predictor of overweight/obesity among the study group of children

Pearson's
coefficient  AUC b 9sw%Cr UM sensitiviy oo VRN RV
WC/BMI pecificity ( ) (LR-)
BOYS
12 .659 .862 <001  .78-95 65.8 97 7 1.26 0.13
13 732 932 <001  .91-96 79.0 .95 18 5.28 0.06
14 11 972 <001  .96-.99 83.5 .93 .09 10.30 0.08
15 .555 .968 <001  .94-99 84.5 91 .03 30.30 0.09
GIRLS
12 793 912 <001 .88 -.94 77.5 91 17 5.35 0.11
13 .824 .940 <001  .92-96 80.5 .93 .19 4.90 0.09
14 .825 .934 <001  .91-96 83.3 .90 17 5.29 0.12
15 17 .885 <001  .84-93 77.5 .98 46 2.13 0.04
4. Discussion cardiometabolic  phenotypes®™;  however, WC

Obesity is one the most serious chronic health
problem facing children in many parts of the world
and has been described as a potential cause for the
decline in life expectancy during the 21st century.”
Many studies have linked increased adverse health
outcomes with BMI >85th percentiles.'"** To control
the childhood obesity epidemic, we need to have
available monitoring tools that are relatively cheap,
quick and easy to use, and generally acceptable to
both clients and health practitioners. Various methods
are available for assessing overweight in adults and
children. Some techniques such as height, weight,
waist circumference (WC), and hip girths and
computations waist-to-hip ratio and Body Mass Index
(BMI) are applicable in physician clinics or primary
health care facilities. In the current study, NC and
WC were highly correlated with BMI in different age
and gender groups. NC was a good parameter for
BMI and even as good as WC. WC has been shown
to be especially useful as an index of central adiposity
and performs better than BMI in predicting abnormal
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measurement may be time-consuming and culturally
or environmentally problematic, especially in the
winter months because clothes have to be removed
for its accurate measurement. In addition, WC may be
affected by postprandial abdominal distension.
Several adult studies have documented the value of
NC as a simple screening tool for identifying
individuals ~ with  high ~BML'"?***  Pediatric
investigators have explored the potential value of NC
measurement as an index of high BMI'>'**
Consistent with previous findings in Turkish
children," the results of this investigation showed
that NC performed well as an index of high BMI in
the children of both genders; therefore, NC could be a
useful  screening instrument for identifying
overweight or obese children as well as children who
are at risk for central fat distribution which is an
important predictor of poor cardiovascular health. NC
measurement is inexpensive, is easier to obtain than
other markers of adiposity (WC and BMI), and has
good inter-rater reliability. In addition, NC

editor(@americanscience.org




Journal of American Science 2012;8(10)

http://www.jofamericanscience.org

measurement may be predictive of obstructive sleep
apnea, especially in obese children.
Conclusions

NC properly identified a high proportion of
children who were overweight or obese. NC is a
simple technique that has good inter-rater reliability
and could be used to screen for overweight and
obesity in children. Our NC cutoffs, which correctly
identified the majority of children with high BMI,
could be used as a reference for boys and girls who
are aged 12 to 15 years. Additional studies to evaluate
the usefulness of NC as an index of adiposity in
younger children are warranted.
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