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Adiposity is a risk factor for coronary artery disease  (CAD) and fat distribution is an effective modifier that mediates metabolic 

risk factors like diabetes, hypertension, and dyslipidemia. This study was conducted to determine the relationship between the 

neck circumference with metabolic risk factors and their correlation with coronary angiographic severity using Gensini 

scoring. 

 

Aim 

The aims of the study was to evaluate ischemic heart disease (IHD) patients - 

• To compare novel metabolic risk factors of upper body adiposity such as neck  circumference (NC)/ mid upper-arm 

circumference (MUAC) with traditional cardiovascular risk factors [waist circumference (WC), waist-hip ratio (WHR), Body- 

mass index (BMI)] .  

• To correlate these risk factors with angiographic severity assessed by coronary angiogram with Gensini score. 

 

Material and methods 

A cross-sectional study was conducted in the cardiology department of our institute. Consecutive patients undergoing coronary 

angiography (CAG) were included in the study. Their anthropometric indices (conventional and novel) known to correlate 

with metabolic syndrome were measured and the degree of coronary stenosis in epicardial vessels was assessed by Gensini 

scoring system. The data analysis was done using multiple logistic regression using statistical package for social sciences 

(SPSS) software. The mean and standard deviation for each continuous variable were calculated. Correlation of neck 

circumference with metabolic risk factors was tested by Karl Pearson’s correlation coefficient method. Analytical statistics is 

given by correlation, regression. P-value<0.05 is considered to be significant. 

 

Results 

Our study included a total 41 patients who underwent CAG including 29 males and 12 females with mean age 55 (33-85) 

years. Study included >50% diabeticsand hypertensives, one-third smokers, ~40% dyslipidemics and consumers of alcohol 
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and one-fifth had positive family history of CAD. MUAC, WC, WHR and BMI were more elevated in females while males 

had higher NC. 

There was a significant linear relationship between NC and other anthropometric indices. As the NC increases by one cm, 

weight increases by 0.5kg, WC increases by 0.3cm, MUAC increases by 0.5cm which were significant (p-value <0.05). While 

Gensini score was higher in males compared to females, NC did not correlate with Gensini score in either gender.  

 

Discussion & conclusions 

It was interesting that WHR was abnormal in all patients while other parameters too were elevated in majority of patients, with 

preponderance showing gender variation. Women had higher MUAC, WC, WHR than men, while the latter had higher NC & 

coronary angiographic severity. Novel anthropometric parameter of Neck Circumference was seen to be a reliable upper-body 

adiposity indicator, with positive correlation with conventional parameters of metabolic syndrome, while not being predictive 

of CAD extent, based on angiographic scoring.  

 

Keywords: Neck circumference, Body mass index, Waist-hip ratio, mean upper-arm circumference, coronary angiographic 

scoring, Gensini scoring. 

 

Introduction  

Coronary artery disease (CAD) is the major cause of mortality and morbidity. Several studies have established a 

relationship between central obesity and the development of cardiovascular disease1-3. Obesity results in metabolic 

abnormalities, with upper-body obesity strongly associated with glucose intolerance, hyperinsulinemia, diabetes, 

hypertriglyceridemia, and gout than lower-body obesity4. Ischemic heart disease severity is conventionally 

evaluated with help of coronary angiogram which is gold standard but is an invasive procedure carrying a peri 

procedural risk5. The association between body mass index (BMI), waist circumference (WC), and waist-to-hip 

ratio (WHR), indices of general or central obesity, with increased cardiometabolic risk has been proved in 

numerous studies6,7. However, these measures need calibrated tools such as scale, or vary throughout a day. In 

contrast, neck circumference (NC) is easy to measure, constant, and time-saving measure to identify overweight 

and obese individual and it as an novel index of upper-body obesity, a simple screening method that can be used 

to identify overweight and obese individuals and is easy and time-saving measure to identify overweight and 

obesity8,9,. The association between neck fat and metabolic syndrome may be attributed to multiple mechanisms. 

It has been suggested that fat in the neck may be more similar to visceral fat, which is more strongly related with 

cardiometabolic risks compared to subcutaneous fat. An upper body distribution of fat, especially with increased 

visceral adipose tissue, is considered predictive of cardiometabolic conditions10-14. 

Hence the aim of this study is to compare the relative utility of neck circumference as a metabolic risk marker and 

correlate with angiographic severity in cardiac patients undergoing coronary angiogram (CAG) by using Gensini 

scoring15. 

 

Methodology 

This was a prospective and cross-sectional study including 41 CAD patients undergoing coronary angiography in 

Meenakshi medical college. The study period as 6 months from May 1st 2021 to October 30th 2021. We included 

all stable cardiac patients who are aged between 18-85 years. We excluded patients with standard 

ccontraindications to invasive catheterization study, known contrast allergy, bleeding disorders, haemorrhagic 

stroke, decompensated heart failure, pregnancy, renal insufficiency, history of neck surgery, and thyroid disorders. 

After informed consent baseline data including name, age, gender, demographic, lifestyle, and comorbidities were 

collected using a standard questionnaire. Patients who underwent elective coronary angiography for symptomatic 

coronary artery disease were willing to be part of the study. The following parameters were assessed with the  

patient wearing light clothing without shoes and measured using inelastic tape with one-millimetre precision. 

A) Neck circumference was measured with the superior border of the tape placed below the laryngeal prominence 

midway of the neck between the mid-cervical spine and mid-anterior neck to within 1mm.14  
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Normal: Males -- <37 cm, Females -- <34 cm 

B) Mid-upper arm circumference (MUAC) is the circumference of the right upper arm measured at the midpoint 

between the tip of the shoulder and the tip of the elbow. Normal <29.9cm. 

C)Waist circumference measured at the midpoint between the lower margin of the last palpable rib and top of the 

iliac crest, in standing position after normal expiration. 

Normal value in Indian male – 85cms, Indian female – 80 cms 

E) Waist to hip ratio (WHR) [ Males: <0.88, Females: <0.81] 

F) Weight (in kgs) and Height (in meters) 

G) Body mass index (BMI) was calculated as weight in kilograms divided by the square of standing height in 

meters. Patients are classified as underweight (<18.5kg/m2), normal (18.5-22.9kg/m2), overweight (23.0-

24.9kg/m2), obese (>25kg/m2) based on revised consensus guidelines for India13. 

H) CAG severity to be done by Gensini scoring which accounts for the degree of artery narrowing as well as 

locations of narrowing. A method that assigns a different severity score depending on the degree of luminal 

narrowing and the geographical importance of its location14. 

Severity score      Percentage of obstruction 

1                             25 

2                             50 

4                             75 

8                             90 

16                            99 

32                          100 

Lab measurements and blood samples for blood sugar and lipid profile were taken in the early morning after 

overnight fasting of 12 hours. 

Data statistical analysis: Data was analyzed through multiple logistic regression using the statistical package for 

social science software. The mean and standard deviation for each continuous variable were calculated. The 

correlation of neck circumference with metabolic risk was tested by Karl Pearson’s correlation coefficient method. 

Analytical statistics was given by correlation, regression. P-value<0.05 is considered to be significant throughout 

the study.  

 

Results  

Our study included a total 41 patients who underwent CAG of which males were 29 and female subjects 12 with 

mean age 55 (33-85) years.  

Of 41 patients undergoing CAG, 23 (56%) were diabetics and equal number were hypertensives, 18 (44%) were 

dyslipidemic, 12 (29.3%) were smokers, 16 (39%) consumed alcohol and 9 (22%) had family history of CAD. 

Mean NC was 38.3 (33-46) cm (39 in males and 36 in females), mean WC was 95 cm (94 in males and 99 in 

females), mean WHR was 1.01 (1.00 in males and 1.44 in females), mean MUAC was 29 cm (29 in males and 30 

in females), mean BMI was 25.4 (24.53 in males and 27.61 in females). and mean Gensini scoring 39.6 (44.1 

among males and 28.8 in females). (Fig 1). Clinical diagnosis was unstable angina in 7 (17%), Non-ST elevation 

MI (NSTEMI) in 12 (29%) and STEMI in 21 (51%). 
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Through Spearmens correlation, there was significant linear relationship between neck circumference and other 

anthropometric indices; weight, BMI, mid upper arm circumference, waist circumference. (Fig2,3,4). As the NC 

increases by one cm, weight increases by 0.5kg, WC increases by 0.3cm, MUAC increases by 0.5cm which were 

significant (p-value <0.05). CAD severity measured by Gensini score, was significantly higher in males, compared 

to females but did not correlate with NC in either gender.  

 

Discussion 

In this high-risk population of established IHD, as expected, there was high prevalence of conventional coronary 

risk factors and the novel risk factor of NC correlated well with other cardio-metabolic parameters. 

A central fat distribution is considered more atherogenic than peripheral obesity. Anthropometric parameters of 

central obesity, such as, WC and WHR correlate with IHD better than BMI. But waist circumference measurement 

varies with respiration and with post prandial distension of abdomen. It has been seen in previous studies that 

upper body subcutaneous fat has similar pathophysiological characteristics as abdominal visceral fat1. 

NC is simpler to use, easy to measure in sitting position, socially more acceptable than WC measurement, does 

not vary with postprandial state or respiration. Its correlation with other anthropometric parameters in Indian 

patients is still evolving in Indian IHD patients. Our study attempts to provide some important data in this context.  

Both non-modifiable and acquired risk factors were high in the study population: More than half of the study 

population were diabetics, hypertensives and dyslipidemics, had family history of IHD, while more than a third 

were smokers and alcohol consumers. This underscores the importance of educating, preventing and early 

identification of risk factors in Indian patients. 

We found that as shown in the Framingham substudy1, NC is associated with increased cardiovascular disease 

(CVD) risk and upper-body subcutaneous fat was postulated to be a unique, pathogenic lipid depot.  This may be 

attributable to disordered breathing during sleep, that is common in people with larger neck size. Obstructive sleep 

apnea has been shown to be associated with hypertension, insulin resistance and dyslipidemia. 

MUAC is not a commonly used anthropometric parameter and in a Taiwan study MUAC correlated well with 

over-weight and obese status16. We found that females had a higher mean value of MUAC than males. We found 

that this parameter correlated well with NC, both being upper-body adiposity measures and for every 1cm increase 

in NC, there was 0.5cm increase in MUAC. (Fig 4). 

WHR and WC are known to be better predictors of CAD risk than BMI among men and women above age 60, 

and BMI was more strongly associated with risk of CAD in younger compared to older people. WHR was found 

to be abnormal in all of our study population, whose mean age was 55 years. NC correlated well with this measure, 

and for every 1cm increase in NC, there was 0.3cm increase in WC. While others found significant correlation 

between WHR and Gensini score of CAD severity17, our study did not find such observation. 

In our study, there were gender-based variations in the parameters, with males having higher CAD severity and 

NC, while women had higher MUAC, WHR and BMI. Neither did NC correlate with CAG severity in our 

population, perhaps implicating other factors, such as infections/ inflammation, stress and genetic factors. 

 

Conclusions 

In our study of high-risk IHD patients, there was high occurrence of conventional risk factors of hypertension, 

diabetes, dyslipidemia, smoking, alcohol consumption and family history of CAD.  Novel anthropometric 

measures of NC and MUAC, which are upper-body adiposity measures, correlated well with conventional visceral 

adiposity parameters of WHR, WC, as well as BMI. There was gender variation in preponderance of the various 

anthropometric measures with higher values of NC and CAD severity in males. CAD severity did not correlate 

with any of the above adiposity parameters.  
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FIGURES 
 

Fig 1: Gensini Score (G-Score), Neck Circumference and Mid -upper arm Circumference: 

Male Versus Female Comparison 

.  

Fig 2: LINE GRAPH SHOWING LINEAR RELATIONSHIP BETWEEN NC AND WC. 

 

Fig 3: LINE GRAPH SHOWING RELATIONSHIP BETWEEN NC AND BMI. 
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Fig 4: LINE GRAPH SHOWING RELATIONSHIP BETWEEN NC AND MUAC 

 
 

 


