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Abstract
Neck circumference (NC) is an attractive method for determining overweight and obesity in school age children because it is
inexpensive and culturally acceptable. However, this technique has not been assessed for its accuracy in school children from
countries of the Gulf Cooperation Council, which have high prevalence of overweight and obesity.
The aim of this preliminary study was to investigate the correlation between the bodymass index (BMI), NC, and waist-hip ratio and

demographic characteristics among 10- to 18-year-old adolescent school children in Bahrain.
BMI was calculated using Center of Disease Control and Prevention Children’s BMI Tool for Schools. Data was collected for a total

of n=397 adolescents from 4 different private schools with an average age of 12.91 years; 57.7% were male and 42.3% female.
In this sample of adolescents, 50.1% were either overweight (21.4%) or obese (28.7%). BMI was significantly associated with

waist-hip ratio (P< .01), gender (P< .05), and age (P< .01). Multiple linear regressions revealed that NC was significantly associated
with age (P< .001) and less so with gender (P= .071) and BMI was significantly associated with NC (P< .01), gender (P< .01), and
age (P< .05). Analysis of the receiver operating characteristic for males and females combined showed fair sensitivity and specificity
(Area under the curve (AUC)=0.707; 95% CI: 0.656, 0.758).
NC is weakly correlated with BMI, and only a fair instrument for identifying overweight/obesity based on receiver operating

characteristic curve analysis. Therefore, NC could only be used as an adjunct screening tool for weight status in this sample.

Abbreviations: BMI = body mass index, CDC =Center of Disease Control and Prevention, GCC =Gulf Cooperation Council, HC
= hip circumference, NC = neck circumference, ROC = receiver operating characteristic, WC =waist circumference, WHO =World
Health Organization, WHR = waist-hip ratio.
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1. Introduction

Obesity is a major health problem among children which may
result in negative social and emotional consequences as well as
increased risk of obesity in adulthood, and related chronic
conditions such as cardiovascular disease, diabetes mellitus,
hypertension, some cancers, as well as reduced longevity.[1,2]

Globally, there has been a ∼40 to 60% rise in the prevalence of
overweight and obesity amongst children since 1990, and access
to energy-dense diets is a key risk factor.[3,4] Additional risk
factors include low physical activity, social and cultural factors,[5]

as well as lower birth order and lower number of siblings.[6]

In 2013, it was estimated that 23.8% and 22.6%, respectively,
of male and female children and adolescents (<20 years old) were
overweight or obese.[7] High rates have been reported for
countries in the Middle East including the Gulf Cooperation
Council (GCC) states (Saudi Arabia, United Arab Emirates,
Oman, Qatar, Kuwait, and Bahrain).[4,7] For example, the
highest rates for overweight and obesity in the GCC have been
reported in Kuwait (25.6% and 34.8% amongmales, and 20.8%
and 20.5% among females).[8] However, a study of 10- to 13-
year-old children in Bahrain has shown that these prevalence
rates are dependent on the reference standards utilized with the
World Health Organization (WHO) standard providing higher
rates of overweight and obesity (28.9% and 30.7% for males and
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females, respectively) compared to the International Obesity
Task Force standard (15.7% and 21.1%).[9] The high prevalence
rates of overweight and obesity within the GCC region parallel
significant increases in per capita income and wealth, rapid
urbanization, and improved living conditions as a result of the
booming oil industry over the last 4 decades.[10] However, they
are also indicative of future health problems in the population on
top of the already large increase in obesity for adults since the
1980s.[11]

People with obesity can be treated appropriately through a
combination of lifestyle changes, pharmacological treatments,
and bariatric surgery.[12] An important component of this process
is screening at an early stage using historically valid, reliable, and
inexpensive methods such as waist circumference (WC), body
mass index (BMI), or waist-hip ratio (WHR).[13] Furthermore,
WC is now widely used to assess central obesity, and BMI is used
to determine overweight or obesity.[14] However, both of these
methods are not without their limitations for example in cases of
abdominal ascites, masses or in athletes.[15–17]More recently, NC
has been recognized as tool for assessing overweight and obesity
in adults, although its usefulness for screening individuals with
central obesity is less clear.[17] Two studies of Saudi adults have
demonstrated the NC correlates with WC and BMI, and can be
used to screen for overweight and obesity, as well as being
culturally acceptable when performed.[18,19] However, 2 recent
meta-analyses/systematic reviews have reported that NC has
moderate accuracy for identifying overweight and obesity in
children and adolescents, although the issues of standardization
of measurements and cut-off values by age and gender
remain.[20,21]

To date there are a lack of studies regarding the use of NC as a
screening tool for overweight and obesity in children from the
GCC countries. The aim of this preliminary study was to
investigate the relationship between NC, and other indicators of
overweight/obesity as well demographic characteristics of
adolescent children in Bahrain.
2. Materials and methods

2.1. Participants

Adolescent students in grades 6 to grade 12 (age 10–18 years)
were randomly selected from a convenience samples of 4 private
schools in Bahrain during January to May 2018. Data were
collected following parental consent to participate in the study,
and an awareness session for the children about body weight,
nutrition, and health lifestyle. This study was ethically approved
by the Research Ethics Committee, Ahlia University (reference
ARICC-2017/18-RE01).
2.2. Sample size

The total number of school students in grades 6 to 12 was 99,903
in the academic year 2017/2018 (http://www.moe.gov.bh/
od_statistics.aspx). Using a 95% confidence level with 5%
confidence interval, the sample size needed was 383.
2.3. Data collection

Following the awareness session, students were provided with a
demographic questionnaire to complete, and then measurements
were conducted by a physiotherapist trained in the techniques,
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and in a private room. The demographic information collected
were gender, age, nationality, birth order, and number of siblings.
2.4. Measurements

Anthropometric measurements were conducted as per Center of
Disease Control and Prevention (CDC) guidelines.[22] Height and
weight were measured without any heavy clothes and shoes.
Height was measured by using a portable stadiometer (Seca 213;
Hamburg, Germany) with feet placed together with heels,
buttocks, and shoulder blades against the stick and head
positioned in the Frankfort horizontal plane. Weight was
measured with electronic portable scales (Seca 813; Hamburg).
All circumference measurements were taken using a non-elastic

tape (SECA 201, range 0–205cm, graduation 1.0mm). WC
measurements were taken at midpoint (the narrowest point)
between the costal margin and iliac crest, in standing position and
at the end of a gentle normal expiration. Hip circumference (HC)
was measured at the widest part of the hip at the level of the
greater trochanter with the legs close together. WHR was
calculated by dividing WC/HC. NC was measured at the level of
the mid-cervical spine andmid-anterior neck perpendicular to the
long axis of the neck, in standing position with the arms hanging
freely and keeping the head aligned in the Frankfort horizontal
plane. For males with a laryngeal prominence, NC was measured
just below the prominence.
2.5. Statistical analysis

BMI was calculated using CDC Children’s BMI Tool for
Schools.[23] This tool computes BMI and percentiles for children
and adolescents using height and weight measurements, sex, date
of birth, and date of measurement. Based on the BMI, children
were classified as underweight (<5th percentile), normal (5th to<
85th percentile), overweight (85th to <95th percentile), or obese
(≥95th percentile).[24]

The data was then entered, coded, and analyzed in IBM SPSS
Statistics for Windows version 22 (RRID: SCR_002865) (IBM
Corp, Armonk, NY). In addition to descriptive statistics, the
following Pearson correlations were performed:
(i)
 BMI with NC and WHR;

(ii)
 age with BMI, NC, and WHR.

Strength of correlation was determined as per Evans (1996).[25]

Multiple linear regression models were performed to test
(i)
 the effect of demographic and anthropometric characteristics
on BMI;
(ii)
 the effect of demographic and anthropometric characteristics
on NC;
(iii)
 the effect of demographic and anthropometric characteristics
on WHR.
Multiple linear regression models were also used to investigate
(i)
 the relationship between BMI and NC after controlling for
demographic and anthropometric characteristics;
(ii)
 the relationship between BMI and WHR after controlling for
demographic and anthropometric characteristics.

Statistical significance was set at a P value of less than .05.
Receiver operating characteristic (ROC) curves were used to
determine the diagnostic ability of NC to identify overweight and
obesity.
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Table 1

Weight classification by gender.

Weight classification
(BMI)

Males
(%)

Females
(%)

Proportion of total sample
(%)

Underweight 2.2 3.0 2.5
Normal 47.2 47.6 47.4
Overweight 19.2 24.4 21.4
Obese 31.4 25.0 28.7

BMI = body mass index.

Table 4

Multiple linear regression of body mass index with demographic
characteristics.

Demographic characteristic Beta t P-value

Gender 0.066 1.317 .189
Age 0.157 3.056 .002

∗∗

Nationality �0.027 �0.541 .589
Birth order �0.007 �0.108 .914
Number of siblings 0.049 0.717 .474
∗∗
Correlation is statistically significant (P< .01).

Table 5

Multiple linear regression of neck circumference with demo-
graphic characteristics.

Demographic characteristic Beta t P-value

Gender –0.083 –1.807 .071
Age 0.419 8.906 .000

∗∗

Nationality –0.087 –1.878 .061
Birth order –0.087 –1.418 .157
Number of siblings 0.029 0.472 .637
∗∗
Correlation is statistically significant (P< .01).
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3. Results

Data was collected for a total of n=397 adolescents from 4
different private schools in the Kingdom of Bahrain with an
average age of 12.91 years (range 10–18 years); 57.7%weremale
and 42.3% female. The percentage of Bahraini participants was
89.1%. Based on BMI measurements, 50.1% of all the
adolescents were classified as either overweight (21.4%) or
obese (28.7%). The percentage of obese boys (31.4%) was higher
than the percentage of obese girls (25.0%) as shown in Table 1.
However, there was no association between gender and weight
classification (X^2=2.866, P= .413). Overall, there was no
difference in the NC of males (33.4±3.3cm) and females (32.9±
4.7cm) as presented in Table 2.
There was a weak, positive correlation between BMI and NC

(r=0.290, P= .001), and a moderate, positive correlation
Table 2

Neck circumference by age and gender.

Age (yr)
Neck circumference (cm)

Male Female

10 31.4±0.6 29.9±0.6
(n=17) (n=14)

11 31.5±0.4 31.1±0.6
(n=50) (n=37)

12 32.7±0.5 32.7±0.7
(n=46) (n=32)

13 34.3±0.5 31.7±0.3
(n=33) (n=27)

14 34.5±0.5 35.6±1.2
(n=32) (n=23)

15 35.1±0.6 33.9±1.0
(15) (n=12)

16 34.2±0.7 35.3±1.8
(n=19) (n=12)

17 37.2±0.9 36.3±2.7
(n=14) (n=10)

18 38.0±0.5 –

(n=2)

Data expressed as mean±SEM.
n=number of participants.

Table 3

Correlations of body mass index and age with neck circumference
and waist-hip ratio.

Neck circumference Waist-hip ratio

BMI Correlation 0.290 0.532
P-value .001 .001

Age Correlation 0.419 –0.097
P-value .001 .055

Correlation is significant at the 0.01 level.
BMI = body mass index
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between BMI and WHR (r=0.532, P= .001). There was also
a weak, positive correlation between age and BMI (r=0.164,
P= .001) and a moderate positive correlation between age and
NC (r=0.419, P< .001) as shown in Table 3.
Multiple linear regressions revealed that BMI was significantly

associated with age (P= .002); also NC was significantly
associated with age (P< .001) and less so with gender (P= .071)
and nationality (P= .061) as demonstrated in Tables 4 and 5. In
addition, WHR was weakly associated with gender (P= .058) as
shown in Table 6.
The relationship between BMI (dependent variable) and NC

(independent variable) was investigated using multiple linear
regression models after controlling for gender, age, nationality,
Table 6

Multiple linear regression of waist-hip ratio with demographic
characteristics.

Demographic characteristic Beta t P-value

Gender �0.096 �1.900 .058
Age �0.040 �0.767 .444
Nationality �0.009 �0.174 .862
Birth order 0.078 1.156 .248
Number of siblings �0.102 �1.485 .138

Table 7

Multiple linear regression of body mass index with neck
circumference.

Demographic characteristic Beta t P-value

Neck circumference 0.620 13.538 .000
∗∗

Gender 0.118 2.832 .005
∗∗

Age �0.103 �2.212 .028
∗

Nationality 0.027 0.634 .526
Birth order 0.047 0.844 .399
Number of siblings 0.031 0.545 .586

Correlation is statistically significant.
∗
(P< .05).

∗∗
(P< .01).

http://www.md-journal.com


Table 8

Multiple linear regression of body mass index with waist-hip ratio.

Demographic characteristic Beta t P-value

Waist-hip ratio 0.395 8.519 .000
∗∗

Gender 0.104 2.248 .025
∗

Age 0.173 3.657 .000
∗∗

Nationality �0.024 �0.514 .608
Birth order �0.038 �0.618 .537
Number of siblings 0.089 1.421 .156

Correlation is statistically significant.
∗
(P< .05).

∗∗
(P< .01).
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number of siblings, and birth order. The results showed that BMI
was significantly associated with NC (P< .01), gender (P< .01),
and age (P< .05) as shown in Table 7.
Finally, the relationship between BMI (dependent variable) and

WHR (independent variable) was investigated using multiple
linear regression models, after controlling for gender, age,
nationality, number of siblings, and birth order. The results
showed thatBMIwas significantly associatedwithWHR(P< .01),
gender (P< .05), and age (P< .01) as presented in Table 8.
Analysis of the ROC curve for males and females combined

showed that NC was only a fair instrument for identifying
overweight/obesity in the children (AUC=0.707; 95%CI: 0.656,
0.758) as shown in Figure 1.
Figure 1. Receiver operating characteristic

4

4. Discussion

The main aim of this preliminary study was to investigate the
relationship between NC and typical anthropometric measure-
ments used to determine weight status of adolescent children in
Bahrain.We found a weak positive correlation (r=0.29) between
NC and BMI, and ROC curve analysis suggested that NC was
only a fair instrument for identifying overweight/obesity in our
sample. In addition, we report that 50.6% of males and 49.4% of
females in our sample were overweight and obese based on BMI
measurements.
The NC is attractive as a method of screening adults for weight

status in GCC countries, because it is cheap and culturally
acceptable.[18,19] For the same reasons it is also attractive for
screening children; however, data have been lacking. Our results
suggest that NC could be used to screen for weight status, but
only if combined with other reliable measures of weight status in
adolescent children of Bahrain. Previous studies have reported
that NC has moderate accuracy for identifying overweight and
obesity in children and adolescents.[20,21] However, some studies
have questioned the validity of NC for determining obesity and
central obesity in children.[26,27] Several expected findings give
confidence to our data:
(i)
curv
We found a moderate positive correlation between NC and
age (r=0.419),[28] and between BMI and WHR (r=
0.532)[29];
es for males and females combined.
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(ii)
 Multiple linear regressions showed BMI was significantly
associated with gender (P< .01) and age (P= .002),[30] as well
as NC[21] and WHR (P< .01).[31]

In our sample, the ROC curve for males and females combined
showed that NC was only a fair instrument for identifying
overweight/obesity in children, so we did not proceed to identify
cut-off points for overweight and obesity. Our sample size was
insufficient to construct ROC curves for males and females
separately; this limitation was due to access to schools.
Furthermore, half of our sample were overweight or obese,
and this unintentional section bias is an important consideration
when evaluating NC results.[21] It was beyond the scope of this
study to collect data on physical activity or sedentary time; but we
recognize that these are important confounders.[32]

To the best of our knowledge this study is the first including
anthropometric measurements of adolescent children since the
publication of data from national survey on obesity and lifestyle of
primary school children in Bahrain (2003–2005).[9] Based on BMI
measurements andwith reference to CDC (2000) growth charts,[23]

we found that overall 50.6% of males and 49.4% of females were
overweight and obese. This is higher than Musaiger et al who
reported a range of 15.7%to28.9%and21.1%to30.7%formales
and females age 10 to 13 years in 2003 to 2005, based onWHOand
InternationalObesityTaskForce (IOTF) cut offs.[9] It is important to
acknowledge thatour samplewasdrawn fromprivate schools and in
that regard may not be representative of the population. However,
our results are broadly similar to figures for Kuwait, in the
ARABEAT-2 study which focused on adolescents aged 15 to 18
years old.[33] It would suggest that little progress has been made in
combating obesity in adolescent children over the last 16 years, and
that effects of rapid increases in per capital incomeandwealth due to
earlydiscoveryof oil continue to influencedietaryhabits and lifestyle
factors, and remain an on-going public health concern.[10,34]
5. Conclusion

In this preliminary study of adolescent children in Bahrain, we
have shown that NC is weakly correlated with BMI, and only a
fair instrument for identifying overweight/obesity based on ROC
curve analysis. Therefore, NC could only be used as an adjunct
screening tool for weight status in this sample. In addition, we
found that overall 50.6% of males and 49.4% of females were
overweight and obese, and these figures suggest that little
progress has been made in combating obesity in adolescent
children over the last 16 years.
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