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Abstract. There are many anthropometry indices used for determining obesity.
Wrist circumference and neck circumference are alternative clinical tools and
easy to use for the indicator of obesity. This cross sectional study aimed to assess
the sensitivity and specificity of obesity detection based on wrist and neck
circumference. A total of 85 students aged 17-21 years was randomly sampled
from 11 faculties of Diponegoro University Semarang. Measurements included
height, height, waist circumference, hip circumference, waist-hip circumference
ratio, wrist circumference, neck circumference, all done according to standard
protocol. Correlation among data was analysed using Pearson or Spearman tests.
Both wrist circumference and neck circumference showed positive association
with all anthropometric measurements. Wrist and neck circumference were
significantly higher in obese adolescents than normal-weight adolescents. Wrist
circumference (Se 72% and Sp 71,67%) had better performance than neck
circumference (Se 84% and Sp 42%) in predicting obesity. In conclusion, wrist
circumference is better than neck circumference for predicting obesity in
adolescents.

Keywords: Sensitivity, Specificity, Anthropometric Measurement, Neck
Circumference, Wrist Circumference.

1 INTRODUCTION

Obesity is a global problem that contributes to various cardio metabolic diseases,
including insulin resistance, diabetes mellitus, and metabolic syndrome [1-3].
Excessive body fat occurs due to a combination of genetic, environment, and lifestyle
factors [4-5]. Obesity is on the rise in both developed and developing countries [1-2].

Adolescent obesity is on the rise over the last few decades [6]. The impact of the
increasing body mass index (BMI) trend, obesity prevalence from 1975 to 2016 in
children and young women increased from 0.7% to 5.6%, whereas in children and
adolescent boys increased from 0,9% to 7.8% [7]. In 2018, over 340 million children
aged 5-19-year-old were classified as overweight and obese [8].
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Anthropometric parameters commonly used in determining obesity is the BMI, but
BMI measurement cannot provide accurate information about the distribution of body
fat compared to total fat mass and fat free mass [9-11]. The last few years the
measurement of body fat distribution can use wrist circumference and neck
circumference. Wrist circumference and neck circumference are alternative
anthropometric parameters that are still new, simple, and practical. [1,4-5,10,12-15].

This study was aimed to examine the sensitivity and specificity in wrist
circumference and neck circumference for detecting obesity in adolescents.

2 METHODS

This research was by cross-sectional design and carried out in February-March 2018 at
the University of Diponegoro. Participants were recruited by random sampling. The
subjects involved in this study were adolescents aged 17-21 years made up of 51 girls
and 34 boys who met the inclusion criteria, which do not undergo goiter, not pregnant
or had been pregnant, and not athletes.

Anthropometric measurements are carried out by measuring height, body weight,
wrist circumference, and neck circumference. Body Mass Index (BMI) scores was
determined based on height and weight. All anthropometric measurements were taken
by trained personnel according to standard guidelines and in fasting conditions. Height
was measured with microtoise (0.1 cm accuracy) while weight was measured with a
digital scale (0.1 kg accuracy). Wrist and neck circumference were measured with a
flexible measuring tape twice then averaged. Measuring the circumference of the wrist
from the bulge of the right-hand ulna, while the circumference of the neck is carried
out at the laryngeal border or the most prominent part of the thyroid cartilage for women
and just below the protruding larynx (adam’s apple) for men.

This study aims to determine differences in sensitivity and specificity in wrist and
neck circumference to detect obesity in adolescents. Sensitivity is the ability to
correctly identify the intended subjects, while specificity refers to the capacity to
identify others who are not problematic. Receiver Operating Curve (ROC) is used to
determine the cut-off point for neck and wrist circumference. A better predictor had a
higher sensitivity and specificity.

Prior explanations was given to subjects who meet the requirements and are willing
to participate in this research, followed by obtaining their approval through informed
consent. Ethical Clearance from the Ethics Commission of the 41Faculty of Medicine
of Diponegoro University has approved this study with No. /EC/FK-RSDK/I/ 2018.

3 RESULTS

This study encompassed 85 participants, 40% (n=34) were boys and 60% (n=51). Mean
age of boys and girls participants were 18,38 years old and 18,47 years old. Table 1
provides the characteristics of adolescents by gender. Boys had higher values for height,
body weight, BMI, wrist circumference, and neck circumference than girls. Regarding
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nutritional status, girls showed a higher percentage of obesity than boys and boys had
a higher percentage of underweight than girls.

Tables 2 provide cut off points, sensitivities, specificities, and positive and negative
predictive values of wrist circumference and neck circumference for IR screening in
adolescents. Table 2 showed the sensitivity of wrist circumference for predicting
obesity in boys is 81.82%, indicating that wrist circumference category can detect
81.82% of obese people. The specificity of wrist circumference for predicting obesity
in boys is 82.61%. This figure means that wrist circumference can detect 82.61% of
people who are not obese. The Positive Predictive Value (PPV) of the wrist
circumference category for predicting obesity is 69.23%. This figure gives the meaning
that people are obese, 69.23% of those who have a large wrist circumference. The
Predictive Negative Value (NPV) category of wrist circumference in predicting obesity
is 90.48%. This figure gives the meaning of people who are not obese, 90.48% of those
who have a small wrist circumference.

Table 1. Characteristic of Adolescents by Gender

Boys Girls

(n=34) (n=51)
Age 18.38 +£0.652 18.47 £ 0.644
Nutrition Status (Based on BMI)
Underweight (<18.49 kg/m?) 7 (20.6%) 11 (21.6%)

Normal (18.5-22.9 kg/m?) 10 (29.4%)
Overweight (23-24.9 kg/m?) 6 (17.6%)
Obesity (>25 kg/m?) 11 (32.4%)

11 (21.6%)
15 (29.4%)
14 (27.5%)

Height (cm) 169.38 + 6.340 153.88 £4.25
Body Weight (kg) 67.99 +16.945 54.92 +£11.903
BMI (kg/m?) 23.62 +5.398 23.17 £4.763
Wrist Circumference (cm) 15.84 £1.083 14.61 £1.135
Neck Circumference (cm) 34.34 £2.49 3048 £2.12

The sensitivity of neck circumference for predicting obesity in boys is 100%. This
figure means that the neck circumference category can detect 100% of obese people.
The specificity of neck circumference for predicting obesity in boys is 8.7%. This figure
means that neck circumference can detect 8.7% of people who are not obese. The
Positive Predictive Value (PPV) of the neck circumference category for predicting
obesity is 34.38%. This figure gives the meaning that people are obese, 34. 38% of
those who have a large neck circumference. The Predictive Negative Value (NPV)
category of neck circumference in predicting obesity is 100%. This figure gives the
meaning of people who are not obese, 100% of those who have a small neck
circumference.
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Table 2. Cut off Points, Sensitivities, Specificities, and Positive and Negative Predictive
Values of Wrist Circumference and Neck Circumference for IR Screening in Adolescents

Cutoff  Se(%) Sp(%) PPV (%) NPV (%)

point

Wrist

circumference

Boys >16.0 81.8 82.6 69.2 90.4
Girls >14.5 64.2 64.8 48.9 82.7
Neck

Circumference

Boys >30.7 100 8.7 343 100
Girls >29. 71.4 62.1 41.6 85.1

4 DISCUSSION

Obesity is a major chronic health issue that need to be watched out because of the
subsequent elevated risks of cardiovascular and metabolic disorders. Therefore, we
need a diagnostic tool for obesity that is fast, precise, and accurate so that early
detection and intervention prevention can be done in adulthood [12,16]. Over the years
the determination of obesity is commonly done by measuring BMI, waist
circumference, and hip waist ratio. In recent years the determination of obesity can be
done by measuring wrist circumference and neck circumference as an easy, simple, and
sensitive anthropometric index [4,5,10,12,13,17,].

The CASPIAN IV study in a large population shows the fact that wrist circumference
is easy to use as an easy clinical marker for predicting obesity. Wrist circumference is
positively and significantly associated with a number of anthropometric measurements,
such as BMI, waist circumference, hip circumference, and waist-to-hip ratio in both
male and female. In addition, wrist circumference can be used to classify subjects into
abdominal obesity, overweight, obesity [1].

Wrist circumference is a simple, fast, easy to do measurement and there is no need
for calculations in the formula [1,18]. It is also relatively stable because it’s not easily
changed and not affected by respiration and abdominal distention [18,19]. Wrist
circumference can assess body frame, bone size, and describe peripheral fat distribution
[9,18-21]. An increasing bone mass will cause an increase in the size of the wrist
circumference so that it can affect the risk of abnormal body metabolism [5,20].
Furthermore wrist circumference is a good parameter for analyzing bone metabolism
associated with hyperinsulinemia, especially insulin-like growth factor 1 (IGF-1) levels
[21].

Research conducted by Alzeidan et al in 3063 people in Saudi Arabia shows that
measurements of neck circumference have a good performance in predicting obesity.
Neck circumference is more easily socially accepted, stability of measurement is not
influenced by physical conditions and pathophysiological conditions, such as
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postprandial conditions, respiration movements, and the use of thick clothes [22]. Neck
circumference measurement illustrates the distribution of upper body fat. Upper body
subcutaneous fat contributes to the circulation of free fatty acids which have more
active lipolytic activity than lower body subcutaneous fat [23].

Anthropometric measurements are simple evaluation tools and can describe body fat
disposition and metabolic complications. Besides, anthropometric measurements are
cheaper and can be used as a limitation in the use of gold standard methods, such as
computed tomography and magnetic resonance [23]. The Present study shows that wrist
and neck circumference can be used as a predictive tool of obesity in adolescents.
Measurement of wrist circumference and neck circumference has advantages over other
anthropometrics, such as simple, affordable, fast, socially acceptable, clear measuring
points, size does not change throughout the day, comfortable for examiners and
respondents, and can be implemented in clinical practice or large-scale epidemiological
studies [4,5,13,19,23,].

5 CONCLUSION

The present study demonstrated that wrist and neck circumference are reliable
anthropometric measurements to detect obesity in adolescents. Wrist circumference is
better than neck circumference for predicting obesity in adolescents Wrist
circumference has superior sensitivity and specificity for predicting obesity in
adolescents, especially in boys. Both wrist circumference and neck circumference are
alternative measurements that are simple, affordable, fast, and can be used in clinical
practice and in large scale epidemiological studies.
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