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SUMMARY
Aim: According to the World Health Organization, central obesity is increasing alarmingly worldwide. Neck circumference is a relatively new 

method of differentiating between normal and abnormal fat distribution.The aim of this study is to determine the association between neck circum-
ference and central obesity in young Turkish male and female university students.

Methods: A community of university students based cross-sectional study was conducted on 319 males and 838 females and investigated the 
association between neck circumference and other anthropometric variables by gender. 

Results: In male subjects, the neck circumference revealed a positive correlation with the body mass index (r = 0.684, p < 0.01), waist circumfer-
ence (r = 0.686, p < 0.01) and waist/hip ratio (r = 0.534, p < 0.01). Similarly, in female subjects neck circumference revealed a positive correlation 
with the body mass index (r = 0.482, p < 0.01), waist circumference (r = 0.479, p < 0.01) and waist/hip ratio (r = 0.246, p < 0.01).

Conclusion: Our study has demonstrated that the positive correlation between neck circumference, which is a simple and fast anthropometric 
measurement, and visceral obesity, is also applicable to university students.
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INTRODUCTION

Obesity is a public health problem seen gradually more 
frequently in developed and developing countries. Along with 
weight gain, the fat accumulation in the body increases and causes 
serious illnesses. Also Turkey is a country in which the obesity 
problem gradually increases and the mean age at which it is seen 
gradually decreases.

According to the World Health Organization (WHO) 2008 data, 
the prevalence of obesity in Turkey has increased by 34% in men 
and by 21.7% in women, and according to the Turkish Diabetes 
Epidemiology Study (TURDEP) 2011 data, the prevalence of 
obesity is 31.2%. Moreover, during the recent 12 years it has in-
creased by 34% (from 32.9 to 44.2) in women and by 107% (from 
13.2 to 27.3) in men (1, 2). The main reasons for this rather vexing 
problem may be sedentary lifestyle and high-calorie nutrition. 
Along with the increase in obesity, especially central obesity, in 
Turkey, the prevalence of accompanying hypertension, metabolic 
syndrome, dyslipidemia, insulin resistance, prediabetes, type 2 
diabetes, and cardiovascular diseases is increasing as well (3). 

Different anthropometric measurements are commonly used 
worldwide in order to determine obesity or central obesity. These 
are the body mass index (BMI), waist circumference (WC) and 

waist-to-hip ratio (W/H) (4). BMI is a useful measurement of 
overall obesity. Whereas in order to determine central obesity, 
WC, which demonstrates the existence of abdominal visceral fat 
more accurately, is applied (5) and constitutes one of the diagnostic 
criteria of the metabolic syndrome (6, 7). The use of WC has certain 
limitations. First of all, it requires conditions such as unclothing 
and the convenience of ambient temperature. The second one is 
that it may vary throughout the day based on the fasting – satiety 
status. The third one is that it may vary in case of health problems 
which shall affect the abdominal wall, e.g. lipoabdominoplasty and 
dyspepsia. The fourth one is that some people may not allow the 
measurement with light clothes due to sociocultural reasons (8). 

In recent years, neck circumference (NC), which is an easier 
and faster anthropometric measurement, has been defined to 
determine central obesity (9). In community-based studies, it has 
been demonstrated that there is a positive correlation between 
NC and metabolic risk factors, insulin resistance and visceral 
adipose tissue, and that it is an independent determinant for the 
cardiometabolic syndrome (10, 11). In addition, the correlation 
between central obesity and NC has also been demonstrated in 
different ethnic groups, diabetics and children (12–14). It is well 
established that the obesity degree is increasing with younger 
males and females (15). A correlation between NC and metabolic 
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abnormalities has been demonstrated by Atabek et al. (16) in obese 
Turkish children, and by Onat et al. (17) in Turkish adults in all 
age groups. However, there is a lack of studies examining the 
association between NC and central obesity in younger subjects 
at the university age. 

Because of the latter, it has been decided to conduct a study 
aimed at evaluating the correlation of the neck circumference with 
BMI, WC, W/H ratio in young male and female (18–24 years of 
age) university students. 

MATERIALS AND METHODS

A total of 1,777 students aged 18–24 years were included in the 
study. They were studying at Kırklareli University. The subjects 
were determined by “random” sampling. The sampling was made 
by choosing even-numbered students. The even-numbered students 
among those students, who were attending the school during the 30 
days period of the measurements, were chosen. Written informed 
consent was obtained from all participants. This study complied 
with the Declaration of Helsinki (18). Past medical history was 
determined with a standardized questionnaire. Anthropometric 
measurements such as height, weight, waist circumference, hip 
circumference, and neck circumference were made. 

Those not accepting to participate in the study (n = 350 men, 
n = 215 women), those with thyroid disease (n = 35), those with 
metabolic disorder except for obesity (n = 2), pregnant (n = 1), 
lactating women (n = 1), those on medication for any reason 
(n = 5), body builders or professional/amateur athletes (n = 10), 
and physically handicapped persons (n = 1) were excluded from 
the study. As a result 1,157 (838 females, 319 males) of students 
were examined.

Measurements were obtained in light clothes, fasting, standing, 
without shoes and at the end of expiration. Weight was measured 
using digital scale to the nearest 0.1 kg with only undergarments, 
and height was determined using a portable stadiometer to the 
nearest 1 mm barefoot. Waist circumference was taken horizon-
tally to the nearest 1 mm, using plastic tape measure at midpoint 
between the costal margin and iliac crest in the mid-axillary line. 
Hip circumference was measured at the level of greater trochanters 
with the legs close together. Neck circumference was measured 
in the midway of the neck, between mid cervical spine and mid 
anterior neck, to the nearest 0.5 mm, with non stretchable plastic 

Variables
Men (n = 319) Women (n = 838)

p
Mean SD (range) Mean SD (range)

Age (year) 20.8 ± 1.4 (18–25) 20.3 ± 1.4 (18–25) ns
Height (m) 1.75 ± 0.08 (1.55–1.96) 1.63 ± 0.05 (1.48–1.79) < 0.001
Weight (kg) 83.9 ± 17.2 (52–138) 57.1 ± 8.7 (40–95) < 0.001
Body mass index (kg/m2) 27.4 ± 6.0 (17.5–49.4) 21.3 ± 3.1 (15.3–39.1) < 0.001
Waist circumference (cm) 96.0 ± 18.7 (64–142) 73.0 ± 8.0 (54–100) < 0.001
Hip circumference (cm) 107.5 ± 12.8 (84–153) 95.6 ± 7.2 (72–126) < 0.001
Waist/hip ratio 0.88 ± 0.09 (0.7–1.25) 0.76 ± 0.06 (0.6–1.02) < 0.001
Neck circumference (cm) 35.6 ± 7.2 (29–51) 30.6 ± 1.9 (25–38) < 0.001

ns – nonsignificant

Table 1. Anthropometric measurement values of all participants by gender

tape. In men with a laryngeal prominence (Adam’s apple), it was 
measured just below the prominence. While taking this parameter 
the subject was asked to look straight ahead, with shoulders down, 
but not hunched. BMI was calculated as weight (kilogramme) 
divided by the square of height (meter). W/H ratio was calculated 
by dividing the waist circumference by the hip circumference.

Overweight was defined as BMI 25–29.9 kg/m2, obesity was 
defined as ≥ 30 kg/m2 (19). Central obesity was defined as waist 
circumference ≥ 94 cm (men) and ≥ 80 cm (women) (20). 

Statistical Analysis
SPSS 20.0 (Statistical Package for Social Sciences) software 

was used for data analysis. The significance of gender differences 
in the anthropometric variables was tested by using the Independ-
ent t test and Pearson’s correlation coefficient was used to explore 
the  association between NC and other anthropometric variables 
by gender. All reported p values are 2-sided, and a p value of 
< 0.05 was considered to be significant.

RESULTS

The sample group consisted of persons aged 18–24 years, 
with a weight of 40–120 kg, BMI varying between 15.3–49.4 
kg/m2. The anthropometric measurements of the participants by 
gender are presented in Table 1. The 1,157 subjects had a mean 
age of 20.5 ± 1.4 years (men: 20.8 ± 1.4, women: 20.3 ± 1.4 years), 
a mean BMI of 24.7 ± 6.4 (men: 27.4 ± 6.0, women: 21.3 ± 3,1 
kg/m2), a mean WC of 83.6 ± 18.6 (men: 96.0 ± 18.7, women: 
73.0 ± 8.0 cm), a mean HC of 101.7 ± 12.8 (men: 107.5 ± 12.8, 
women: 95.6 ± 7.2 cm), and a mean NC of 33.1 ± 4.4 (men: 35.6 
± 7.2, women: 30.6 ± 1.9 cm). All anthropometric measurements 
were significantly higher in men compared to women (p < 0.001). 
The prevalence of overweight was 5.8% for men and 5.5% for 
women. The prevalence of obesity was 10.3% for men and 12.4% 
for women. The prevalence of abdominal obesity was 13.5% for 
men and 15.4% for women.

The correlation between the neck circumference and the other 
anthropometric measurements by gender is shown in Table 2. In 
male subjects, NC revealed a positive correlation with BMI (r = 
0.684, p < 0.01), WC (r = 0.686, p < 0.01) and W/H ratio (r = 0.534, 
p < 0.01). Similarly, in female subjects NC revealed a positive 
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Variables
Men (n = 319) Women (n = 838)

r r
Body mass index (kg/m2) 0.684* 0.482*
Waist circumference (cm) 0.686* 0.479*
Hip circumference (cm) 0.646* 0.556*
Waist/hip ratio 0.646* 0.246*

Table 2. Relationship between NC and other anthropometric variables by gender

*Correlation is significant at the 0.01 level. 

correlation with BMI (r = 0.482, p < 0.01), WC (r = 0.479, p < 0.01) 
and W/H ratio (r = 0.246, p < 0.01).

DISCUSSION

In this study, it has been demonstrated that the NC measure-
ment may be used as an easy and fast method for the central 
obesity survey in young subjects at the university age. There was 
a significant and substantial correlation between the NC meas-
urement and WC frequently used in establishing the metabolic 
syndrome and intraabdominal fat mass. 

In the former studies, the correlation between obesity and meta-
bolic disorders and cardiovascular risk factors has been established 
(11). Even though BMI, WC and W/H ratio are anthropometric 
indexes commonly used in the diagnosis of obesity, the number of 
publications stating that NC is an easier and faster parameter has 
been gradually increasing during recent years (9). The fact that 
the NC measurement is a fast method applicable to everyone and 
in every environment without being affected by fasting-satiety, 
garments, the ambient temperature, and sociocultural limitations, 
is an advantage. In a study by Zhou et al. (11) comprising 4,201 
subjects (mean age: 43 years), a positive correlation has been es-
tablished between NC and cardiometabolic risk factors – systolic 
blood pressure, diastolic blood pressure, glucose, triglyceride, total 
cholesterol, low density lipoprotein cholesterol (LDL-C), BMI 
and WC, and a negative correlation to high density lipoprotein 
cholesterol (HDL-C). The positive correlation between NC, BMI 
and WC has been established by Yan et al. (21) in 2,092 elderly 
subjects (> 65 years), and by Yang et al. (22) in 3,182 diabetic sub-
jects. Similar results have been observed in 1,912 Turkish subjects 
(mean age 55 years) (17). In our study, we have established that 
NC has shown a significant correlation with other anthropomet-
ric measurements (BMI, WC and W/H ratio) in young men and 
women at the university age. Upon comparison of central obesity 
and subcutaneous fat accumulation, it is evident that there is more 
metabolic abnormality in those with central obesity (23). WC and 
W/H ratio show the visceral fat accumulation better than BMI and 
has a substantial association with NC as well as metabolic disorders 
and indexes indicating visceral fat accumulation (24). 

The cardiovascular disease risk with obesity varies from one 
community to another. Asians, for example, are more susceptible 
and thus BMI risk thresholds are lower than in other populations, 
with an action point for overweight defined at 23 kg/m2 (25). 
Obesity, prediabetes and diabetes are causes of morbidity, disabil-
ity and premature death in Turkey. Turkish people are more obese, 
more prediabetic/diabetic and have a wider waist circumference 
in comparison to other communities. The increased cardiovas-

cular risk rate may be attributed to these factors. Therefore, it 
shall be important to survey and manifest the obese individuals 
at an early age.  

Obesity, prediabetes and diabetes increase the risk for a wide 
range of chronic diseases. Obesity and insulin resistance is the 
beginning of these health problems. BMI is thought to account 
for about 60% of the risk of developing prediabetes and type 2 
diabetes. The disability attributable to obesity are primarily conse-
quences of ischaemic heart disease and type 2 diabetes. In a study 
by Onat et al. (17), the NC cut off values, which demonstrated a 
correlation with NC in terms of obesity and which are suggested 
for obesity, were 38.5 for men and 34.5 for women. Our study 
group consisted of 13.5% centrally obese men and 15.4% centrally 
obese women. The probable reason for the fact that this rate lies 
below the country’s average is the low frequency of diabetes in 
this age group. Consequently, the awareness of a lifestyle change 
in this age group might be useful in reducing the number of pre-
diabetes and diabetes cases occuring in the future years.

The present study has some limitations. First of all, since the 
study comprised university students aged 18–24 years, it may not 
reflect the entire society. Secondly, the study group consisted of 
students of just one university. However, the students attending 
this university come from different regions of the country. Thirdly, 
there is no established guideline for the prevention of faults related 
to the measurement technique.

For the determination of central obesity, the NC measurement 
is an easy and fast survey method. This method may be easily 
applied in order to create awareness of central obesity in young 
people aged 18–24 years. Since another method, namely waist 
circumference measurement, requires unclothing for women, it 
is hardly applicable due to social and cultural reasons. Besides, 
it has to be measured when fasting and after urination. Whereas 
another index, i.e. BMI, cannot reveal the difference of fat dis-
tribution between waist and hip.

CONCLUSION

The neck circumference measurement is a simple and sub-
stantial method which may be applied to reveal central obesity 
in Turkish subjects at the university age. It shall be useful to 
perform a simple NC measurement in university students in or-
der to increase the awareness of central obesity. Setting cut-off 
values which demonstrate central obesity in university students 
requires new studies.
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