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ABSTRACT 
 

“Childhood Obesity and its co-morbidities is considered as a prime health hitch that lay up 
consideration among the public health society. Obesity and above the over weight has bagged the 
fifth position in the global risk for mortality. The obesity shows a very early onset in life which has 
laid the utmost importance in the prevention of it among the children. Neck circumference is being 
considered as the marker of upper body subcutaneous tissue distribution.  
Aim: The main objective is to evaluate the association between neck circumference and obesity 
among the children.  
Methodology: This is a cross sectional study conducted between the periods of august 2019 - 
September 2019, among 150 male + 129 female students, aged 11 to 18 years. Anthropometric 
markers of obesity- body mass index (BMI), waist circumference (WC), Hip circumference (HC), 
waist hip ratio (WHR), neck circumference (NC) were collected. Pearson’s correlation coefficient 
was used to compute the neck circumference with other obesity indices.  
Results: The mean BMI was 27.70±1.27 kg/m² and 27.72±2.12 kg/m², mean neck circumference 
was 35.42±2.26 cm and 32.85±1.92 in above the over weight /obesity boys + girls respectively. The 
hip circumference in boys was found to be greater than girls, which is higher in above the over 
weight /obesity students with P<0.001. Neck circumference shows a strong positive correlation with 
other anthropometric measures BMI, WC, HC in boys and girls (P<0.001). 
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Conclusion: The present study showed that the weight increase in school children and need to 
aware the parents. 
 

 
Keywords: BMI; NC; above the over weight; obesity; WC; HC; children. 
 

1. INTRODUCTION 
 
Above the over weight is defined as body mass 
index between 25 and 29.9 kilogram per meter 
square and obesity is defined as BMI of 30 
kilogram per meter square or higher. Obesity is a 
pathological condition in which excess body fat 
accumulated, leading adverse effects on health 
and life expectancy [1]. It is a chronic disorder 
with complex interaction between genetic and 
environmental factors. It characterized by high 
cholesterol, fatty acid levels; imbalance in 
metabolic energy; insulin desensitization; 
lethargy, gallstones; high blood pressure; 
shortness of breath; emotional and social 
problems; and excessive adipose mass 
accumulation with hyperplasia and hypertrophy 
[2]. Pathological obesity is associated with 
several secondary commodities like heart 
disease, type 2 diabetes, breathing difficulties 
during sleep, cancer and osteoarthritis. 

 
It is most commonly caused by a combination of 
excessive dietary calories, lack of physical 
activity, and genetic susceptibility. Evidence to 
support this view is that some obesity people eat 
little yet gain weight due to slow metabolic rate. 
The primary treatment for obesity are dieting and 
physical exercise. To addition to this, or in case 
of failure, anti-obesity drugs may be taken to 
reduce appetite or impede fat absorption [3]. In 
serious cases, surgery is carryout or an 
intragastric balloon is placed to lower stomach 
volume and/or bowel length, precede to earlier 
satiation and make less ability to absorb nutrients 
from food [4]. 

 
Obesity can be associated with several risk 
factors such as cardiovascular and metabolic 
disturbances. There are numerous methods for 
assessing above the over weight and                
obesity. Some techniques are applicable at 
primary care facilities, such as measurements of 
weight, height, hip circumference, calculations         
of waist-hip ratio and BMI. It is important to 
develop a quick method of for the assessment of 
obesity in primary care clinic. The purpose                
of the study to determine whether neck 
circumference is useful alone for assessing 
obesity [5]. 

The restraint of BMI as a risk evaluation tool is 
also conceded, and there is continuing interest in 
alternative or complementary indices linking body 
adiposity and disease risk. For example, some 
studies suggest that abdominal circumference is 
better correlated than BMI with the risk of type 2 
diabetes [6]. Although it is well established that 
visceral adiposity plays a central role in the 
metabolic disorders associated with obesity, the 
dearth of a pragratis method to assess visceral 
fat in routine examinations precludes its use as a 
screening tool for the public [7-9]. Forkhead box 
O (FOXO) transcription factors are the main 
factors that contribute the direct and indirect 
pathways for glucose homeostasis. The recent 
studies showed that it actively   hyperglycemia in 
chronic insulin resistance in obesity patients [10]. 
Developing simple and authentic methods to 
assess body fat compartments should be an 
important prime concern of obesity research. 
 

1.1 Objective 
 
Above the over weight in children is described by 
using body mass index along with BMI, waist-hip 
ratio, mid-upper arm circumference, waist thigh 
ratio indices of body fatness is needed to 
determine obesity.  
 
The aim of the study to determine whether neck 
circumference is useful alone for assessing 
obesity, Children who were to 11 to 18 yrs and 
undergoing schooling where the subject of the 
study, trained CRRI collected the anthropometric 
data from school-going children. We calculated 
and correlated the neck circumference and other 
indexes of obesity and we analyzed the optimal 
neck circumference cutoff for identifying children 
with high BMI. 
 

2. METHODOLOGY 
 
A cross-sectional study was conducted during 
the period of August 2019- September 2019 in 
the private schools, of Pondicherry. Participants 
were of age 11-18 years comprising both males 
and females as the separate groups. Considering 
approximately 50 private schools in Puducherry , 
9 schools were chosen by systematic random 
sampling method. 35 samples from each school 
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were selected using simple random sampling 
method using the lottery method with the help of 
attendance registry maintained in the schools to 
arrive at the sampling frame. A total of 280 
children, among which 150 were males and 129 
were females. A pretested questionnaire was 
used as a study stool for the data collection. The 
validity of the tool was assessed by consultation 
with expert opinion. Anthropometry 
measurements were taken by Doctors through 
proper modes. 
 
Neck circumference was measured using a 
plastic tape it was measured in a standing 
position while the child's head was held erect 
with eyes looking forward, shoulders in a relaxed 
position, Waist circumference measurements 
were measured using tape. Measured at the top 
of the hip bone, then brought the tape and 
measured all the way around the body, level with 
the belly button. Made sure it wasn't too tight  
and that it's straight, even at the back. asked       
the children not to hold their breath while 
measuring, measured the number on the tape 
right after they exhale. Hip circumference was 
measured at the maximum circumference of the 
Gluteal region.  
 
Participants were also examined regarding 
height, weight, and BMI. 
  
Height (cm): Standing height was measured 
using an audiometer and height road. It was 
measured in cm; the participants were made to 
stand in an erect position.  
 
Weight (kg): Standard weight monitoring device 
was used that was placed on a hard flat surface 
and checked for zero balance.  
 

BMI: BMI was calculated by dividing weight in kg 
with the square of height in the meter as per the 
formula kg/M2. 
 

The Data was entered in excel sheets and 
analysed using SPSS software version 21 [11]. 
 

3. RESULTS 
 

In a total of 279 children, Table 1 shows mean 
anthropometric measurement values in boys. 
The mean weight, height, BMI, WC, HC, WHR 
were 71.54±9.83 kg, 161.92±7.53 cm, 
27.70±1.27 kg/m2, 91.07±5.29 cm, 104.28±4.63 
cm, 0.87±0.07  cm respectively in obesity / above 
the over weight boys. Table 2 shows mean 
anthropometric measurement values in Girls. 
The mean weight, height, BMI, WC, HC, WHR 
were 57.54±14.77 kg, 150.87±5.6 cm, 
27.72±2.12 kg/m2, 87.75±4.57 cm, 97.58±4.75 
cm, 0.89±0.054 cm respectively in obesity / 
above the over weight  girls. All the 
anthropometric measures are significantly found 
to be higher in above the over weight/obesity 
children compare to their normal peers and 
higher in boys compared to girls. 
 

The study showed that mean anthropometric 
measurement values in boys. The mean weight, 
height, BMI, WC, HC, WHR were 71.54±9.83 kg, 
161.92±7.53 cm, 27.70±1.27 kg/m2, 91.07±5.29 
cm, 104.28±4.63 cm, 0.87±0.07  cm respectively 
in obesity / above the over weight boys (Table 1). 
 

The Table 2 shows mean anthropometric 
measurement values in girls. The mean weight, 
height, MI, WC, HC, WHR were 57.54±14.77 kg, 
150.87±5.6 cm,  27.72±2.12 kg/m2, 87.75±4.57 
cm, 97.58±4.75 cm, 0.89±0.054 cm respectively 
in obesity / above the over weight  girls. 

Table 1. Comparison of anthropometric measurements between controls and above the over 
weight / obesity in girls 

 

Girl (mean) Controls (normal / 
underweight) 

Above the over 
weight-obesity 

P-value 

Age (years) 13.96±2.08 15.16±2.08 0.079 
Weight in kg 42.75±9.59 57.54±14.77 0.005 
Height in cm 152.91±8.87 150.87±5.6 0.275 
BMI (kg/m²) 18.10±3.15 27.72±2.12 <0.001 
Hip circumference in cm 80.98±9.29 97.58±4.75 <0.001 
Waist circumference In 
cm 

70±10.61 87.75±4.57 <0.001 

Waist hip ratio 0.85±0.075 0.89±0.054 0.028 
Neck circumference in cm 29.79±2.31 32.85±1.927 <0.001 
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Table 2. Pearsons correlation (r) between the neck circumference and other anthropometric 
measurements 

 

 NC-BMI (r) NC-WC (r) BMI – WHR (r) P value 

Boys 0.491 0.453 0.496 <0.01 
Girls 0.708 0.694 0.300 <0.01 

 

4. DISCUSSION 
 

The present study conducted on children aged 
11-17years had shown a notable relation 
between neck circumference and anthropometric 
measurement of obesity in both boys and girls. 
 

Childhood obesity has become a paramount 
worry. Many studies had manifest expand 
unfavourable health issue of childhood obesity 
both short term besides long term 
consequences. Controlling the epidemic of 
childhood obesity, awareness prior precaution 
and treatment of childhood obesity are important 
priorities that need adequate diagnostic 
measures. Both patients and health practitioner 
must have tools with low cost, quick and easy to 
use for screening and monitoring [12-13].   
 

The first person to suggest that different body 
morphology and type of fat distribution which is 
associated with health risk of obesity is Vague 
J.Hatipoglu et al also suggested neck 
circumference can be used for screening children 
with above the over weight and obesity and 
correlated positively between neck circumference 
and BMI, waist circumference. Nafiu et al 
conducted a study on 1102 children aged 
between 6-18yrs had shown that neck 
circumference correlated with age, BMI and waist 
circumference in both boys and girls and neck 
circumference cut off value were given according 
to age, optimal neck circumference cutoff  
indicative of high BMI in boys ranged from 28.5-
39 cm, in girls 327-34.6 cm respectively. Similar 
results were also found in other studies by 
Roberta et al and Mozaffer et al. The present 
study results which conducted on 279 students 
aged between 11 to 17 years has shown that 
neck circumference correlated with BMI , weight , 
hip circumference ,waist circumference in both 
boys and girls .Optimal NC cut off values 
indicative of high BMI in boys ranged from 33.16-
37.68 cm, in girls 30.92-34.77 cm respectively. 
Neck circumference is reliable and easy to 
measure compare to other indiexes of adiposity. 
 

5. CONCLUSION 
 

The present study findings in children are 
consistent with other studies, therefore we 

conclude that above the over weight/obesity 
children could be screened through neck 
circumference, through which we could identify 
the pre obesity children and carry out the needed 
management since there in increased level of 
obesity related health conditions among the 
children and the adolescents. 
 

CONSENT AND ETHICAL APPROVAL 
 
As per international standard or university 
standard guideline Patient’s consent and ethical 
approval has been collected and preserved by 
the authors. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Available:https://watermark.silverchair.com

/mxm012.pdf?token=AQECAHi208BE49O
oan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ys
gAAAkMwggI_BgkqhkiG9w0BBwagggIwMI
ICLAIBADCCAiUGCSqGSIb3DQEHATAe
BglghkgBZQMEAS4wEQQMstPXLlPfrLMn
xdtVAgEQgIIB9trW0cr1azeGMQIdVPsovY
EJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-
MnxCfiTu7-
lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9U
ZSaHvv5jpzGhRe406PdWhZzCk4QntZtOb
mIay6uncl6ZQzOQ2Ze9HSSjezhRXj-
loT4VP8J2YzrQG 

2. Gupta P, Tyagi S, Mukhija M, Saini AS, 
Goyal R, Sharma PL. Obesity: An 
introduction and evaluation. Journal of 
Advanced Pharmacy Education & 
Research. 2011;2:125-37. 

3. Hatipoglu N, Mazicioglu MM, Kurtoglu S, 
Kendirci M. Neck circumference: an 
additional tool of screening above the over 
weight and obesity in childhood. European 
Journal of Pediatrics. 2010;169(6):733-9. 

4. Naïf OO, Burke C, Lee J, Voepel-Lewis       
T, Malviya S, Tremper KK. Neck 
circumference as a screening measure for 
identifying children with high body mass 
index. Pediatrics. 2010;126(2):e306-10. 

https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG
https://watermark.silverchair.com/mxm012.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkMwggI_BgkqhkiG9w0BBwagggIwMIICLAIBADCCAiUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMstPXLlPfrLMnxdtVAgEQgIIB9trW0cr1azeGMQIdVPsovYEJLE9W5w6SWXmzQGb2GF-1PZlRBrbr-MnxCfiTu7-lv1eM_aSmkt8V3V37jGRWITl6NjZQ7S9UZSaHvv5jpzGhRe406PdWhZzCk4QntZtObmIay6uncl6ZQzOQ2Ze9HSSjezhRXj-loT4VP8J2YzrQG


 
 
 
 

Ponmalar et al.; JPRI, 33(44A): 531-535, 2021; Article no.JPRI.73608 
 
 

 
535 

 

5. Ben‐Noun L, Sohar E, Laor A. Neck 
circumference as a simple screening 
measure for identifying above the over 
weight and obesity patients. Obesity 
Research. 2001;9(8):470-7. 

6. Hingorjo MR, Qureshi MA, Mehdi A. Neck 
circumference as a useful marker of 
obesity: a comparison with body mass 
index and waist circumference. JPMA-
Journal of the Pakistan Medical 
Association. 2012;62(1):36. 

7. LaBerge RC, Vaccani JP, Gow RM, 
Gaboury I, Hoey L, Katz SL. Inter‐and 

intra‐rater reliability of neck circumference 
measurements in children. Pediatric 
pulmonology. 2009;44(1):64-9. 

8. Yan Q, Sun D, Li X, Zheng Q, Li L, Gu C, 
Feng B. Neck circumference is a valuable 
tool for identifying metabolic syndrome and 
obesity in Chinese elder subjects: a 

community‐based study. Diabetes / 
Metabolism Research and Reviews. 2014; 
30(1):69-76. 

9. Taheri M, Kajbaf TZ, Taheri MR, 
Aminzadeh M. Neck circumference as a 
useful marker for screening above the over 
weight and obesity in children and 
adolescents. Oman Medical Journal. 
2016;31(3):170. 

10. Whitlock, Anna E. Garcia, Jamarie Sostre-
Colón, Matthew Gavin, Niels D. Martin, 
Joseph A. Baur, Carrie A. Sims, and Paul 
M. Titchenell. Loss of FOXO transcription 
factors in the liver mitigates stress-induced 
hyperglycemia. Molecular Metabolism. 
2021;51:101246. 

11. Assyov Y, Gateva A, Tsakova A, Kamenov 
Z. A comparison of the clinical usefulness 
of neck circumference and waist 
circumference in individuals with severe 
obesity. Endocrine Research. 2017;42(1): 
6-14 

12. Asif M, Aslam M, Wyszyńska J, Altaf S, 
Ahmad S. Diagnostic performance of neck 
circumference and cut-off values for 
identifying overweight and obese pakistani 
children: a receiver operating characteristic 
analysis. Journal of Clinical Research          
in Pediatric Endocrinology. 2020;12(4): 
366. 

13. Valencia-Sosa, Evelyn, Clío Chávez-
Palencia, Juan R. Vallarta-Robledo, 
Enrique Romero-Velarde, Alfredo Larrosa-
Haro, Edgar Manuel Vásquez-Garibay, 
and César Octavio Ramos-García. 
Percentile reference values for the neck 
circumference of Mexican children. 
Children. 2021;8(5):407. 

 
© 2021 Ponmalar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/73608 

http://creativecommons.org/licenses/by/2.0

