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Abstract: Studies suggested that obesity; arterial stiffness and cardiovascular diseases 

(CVD) are interrelated. Analyzing relation between arterial stiffness and type of 

obesity can be helpful in prediction of CVD in obese. We performed this study in 

western Rajasthan, India to assess type of obesity more related with arterial stiffness. 

77 healthy non smoker, free of CVD, male participant, age 20 to 40 years, examined 

for Body Mass Index (BMI) and Waist Circumference (WC) as indices of obesity and 

Right and Left brachial ankle Pulse Wave Velocity (ba PWV), Carotid-Femoral (C-F) 

PWV and Augmentation Index at Heart Rate 75/min (AIx@HR75) as indices of 

arterial stiffness and measured non-invasively using an oscillometeric device 

PeriScope. Result suggested Pearson’s Correlation Coefficients (r) of WC with indices 

of stiffness are greater than as of BMI (r = 0 .482 vs 0.356 , 0.396 vs 0.219, 0.484 vs 

0.316 and r = 0.433 vs 0.31 respectively for Right ba PWV, Left ba PWV, CF PWV 

and AIx@HR75). Simple linear regressions were significant (p<0.05) except between 

BMI and Left ba PWV (p>0.05). The present study concluded that vessel wall 

properties were well explained by central obesity as compare to generalized obesity. 

So for CV health, individual should be focused on reducing belly fat. 
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INTRODUCTION 

            In the history of mankind, increase in weight has been considered as an 

indication of well-being and health. The cause of this increasing prevalence of weight 

gain is adoption of lack of regular physical exercise, sedyentary lifestyle, and 

excessive intake of junk foods. 

         

Obesity supervenes bringing with it increased 

risk of metabolic disturbance. Not only that, but the 

pattern of obesity, central obesity (abdominal 

accumulation of adipose tissue), contribute an added 

risk to some of the chronic non-communicable diseases. 

The contribution of excess generalized weight as 

measured by BMI and central obesity measured by WC 

to the prediction of cardiovascular (CV) risk has been 

the subject of long-standing debate.[1-5] Higher BMI is 

associated with Arterial stiffness[6,7], which is 

considered an independent risk factor of CVD, cerebro-

vascular accidents (CVA) [8], a marker of target organs 

lesion in hypertensive patients [9], such as Chronic 

kidney disease [10-12], besides being connected with 

the secondary development atherosclerosis, chronic 

tissue inflammation and endothelial dysfunction.[13,14] 

measuring the arterial stiffness can help in quantify the 

CV risk with various type of adiposity. There are 

various indices of arterial stiffness such as elastic 

modulus, arterial distensibility, arterial compliance, 

Pulse wave velocity (PWV), Augmentation index(AIx), 

and Arterial Stiffness index(ASI) are available.[15] Out 

of these PWV, AIx and ASI are widely accepted and 

recommended markers for measure arterial stiffness and 

non-invasive easy methods have been developed for 

these. PWV is velocity of the systolic pressure wave 

within the arterial walls and an augmentation of arterial 

pulse pressure due to wave reflection is known as 

Augmentation Index (AIx). AIx is measure by pulse 

waveform analysis. Measurement of PWV and AIx 
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have now become recognized, important prognostic 

indicator than blood pressure to assess the 

cardiovascular risk [16]. 

 

Some study suggested the central obesity is 

best correlated with CVD and mortality [17-25] in 

contrast, some concluded that measure of central 

obesity such as WC is not superior than BMI in 

predicting CVD. [26-33] According to National Family 

Health Survey (NFHS) 2015-16 in Rajasthan 23.7% 

urban women, 10.7% rural women (total 14.1%), 

19.7%urban men, 10.6% rural men (total 13.2%) have 

BMI more than or equal to 25kg/m2. And it is almost 

doubled as compare to NFHS 2005-2006 [34] BMI is 

most accepted and studied measure of obesity attributed 

to CVD and other non-communicable diseases. 

Researchers are also been focused on central obesity. 

There are very few studies available that comparing 

type of obesity associated with arterial stiffness in 

western Rajasthan. So to fill the gap in scientific 

knowledge we performed this present study. 

 

MATERIAL & METHOD 

Study Design 

In present cross sectional study all 77 

participants gave a written informed consent to partici-

pate in this study. Institutional ethical committee 

clearance was obtained. Age 20 to 40 years adult male, 

native and resident of Western Rajasthan, BMI not 

more 30 kg/m2, apparently healthy for at least one week 

are included in this study. Smokers, history of Cardio-

vascular attacks, medical conditions influencing degree 

of obesity such as thyroid disease, Cushing syndrome, 

chronic medications and medication or regime for 

weight reduction were excluded. 

 

Anthropometric measures 

BMI was calculated by dividing the 

participant’s weight in kilograms by the square of his 

height in meters. Weight and Height of participants 

were measured by calibrated electrical weighing Scale 

and Calibrated Stadiometer respectively. Waist 

circumference was measured using a measuring tape in 

standing position at the level midway between the lower 

rib margin and the iliac crest in a horizontal plane. It is 

an approximate index of central obesity. 

 

Measurement of arterial stiffness  

Indices of Arterial Stiffness is measured by 

PeriScope (developed by Genesis Medical Systems, 

Hyderabad, India) based on Oscillometeric Method in 

morning in fasting condition with 8 to 10 hours over 

night sound sleep. PeriScope records arterial Blood 

pressure (BP), arterial pressure Waveform non-

invasively through Cuffs Wrapped on all four limbs. 

Simultaneously it records Electrocardiogram (ECG) by 

4 leads applied to four limbs. Time taken by pressure 

wave to reach limbs is calculated by time point 

recording of R Wave of ECG and foot of arterial 

pressure Waveform. The system software of this device 

supports sophisticated digital signal-processing 

algorithm to calculate all the results. It calculates right 

and left brachial ankle PWV (Right Br Ank PWV & 

Light Br Ank PWV), carotid to femoral PWV (C-F 

PWV), Arterial Stiffness Index (ASI), Ankle Brachial 

Index (ABI) & Augmentation Index (AIx) and 

estimated AIx at Heart Rate (HR) of 75 beats/min 

(Aix@HR75). Participants were asked to refrain from 

drinking caffeine containing beverages 12 hrs before 

the test. They were also informed not to speak or sleep 

during the procedure. All subjects were explained about 

the procedure to be undertaken and written consent was 

obtained from all the subjects prior to the study. Br Ank 

PWV and cf PWV were measure of central arterial 

stiffness. Brachial and ankle ASI were measure of 

peripheral local arterial stiffness. [16] 

 

STATISTICS 

Results were statistically analyzed using Data 

Analysis ToolPak in Microsoft Excel. Pearson’s 

Correlation Coefficients are analysed between 

parameters and performed simple linear regression. “t” 

test is applied to test the correlations. Effect size with 

95% confidence interval (CI) measured with help of 

result of simple linear regression. 

 

RESULTS 

Table 1 is showing the descriptive statistics of 

studied population. Fig 1 and Fig 2 are showing the 

unadjusted simple linear regression of BMI and WC (in 

cm) respectively on various indices of arterial indices. 

Figures also showing the R squared (R2), correlation 

coefficient (r) and p value derived by t test for 

regression for simple linear regression. 

 

Table-1: Descriptive Statistics of Studied 

Participants* 

Numbers of Participants 77 

Age(in Yrs) 31.17 ± 5.54 

Weight (in Kg) 69.00 ± 10.02 

Height (in Cm) 169.99 ± 5.92 

BMI (In Kg/m2) 23.83 ± 2.83 

   BMI < 22.9 Kg/m2 28 

   BMI 23 to 24.9 Kg/m2 23 

   BMI 25to 30 Kg/m2 26 

Waist Circumference (Cm) 90.08 ± 9.74 

Right baPWV (cm/sec) 1316.53 ± 162.77 

Left baPWV (cm/sec) 1256.72 ± 171.60 

C-F PWV(cm/sec) 838.82 ± 125.82 

Alx (%) 15.71 ± 6.68 

AIx@HR75 (%) 15.56 ± 7.40 

*Values are in Mean ±SD or Numbers, Abbreviations 

are same as in text 
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Fig-1: Linear Regression of BMI on PWVs and AIx. Abbreviations are same as in text 

 

 
Fig-2: Linear Regression of WC of PWVs and AIx. Abbreviations are same as in text 
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Table-2: Change in value of Indices of arterial stiffness associated with 1 SD increase in BMI and WC 

Indices Associated with BMI* Associated with WC* 

Right baPWV (cm/sec) 39.9 (23.09 - 93.14) 60 (45.58 - 110.84) 

Left baPWV (cm/sec) 58.07 (-0.71 - 76.38) 77.7 (31.56- 103.73) 

C-F PWV(cm/sec) 37.83 (12.48 - 67.44) 67.27 (35.65 - 86.00) 

AIx@HR75 (%) 2.29 (0.68 - 3.91) 3.17 (1.66 - 4.68) 

*effect size (95% Confidence Interval), Abbreviations are same as in text 

 

It is observed in results that BMI explained cf 

PWV of 10% of cases (p = .005) whereas WC 

explained 23.5% of cases of cf PWV (p = <0.001). WC 

explained Indices of arterial stiffness in more number of 

cases as compare to BMI (r = 0 .482 vs .356, 0.396 vs 

.219, 0.484 vs 0.316 and r = 0.433 vs 0.31 respectively 

for relation with Right ba PWV, Left ba PWV, CF 

PWV and AIx@HR75). Tables 2 provided the predicted 

effect size which is associated with increase in BMI by 

2.83 kg/m2 and in WC by 9.74 cm (1 standard deviation 

(SD)) in the participants. Left ba PWV is increases 

more than other PWV with BMI whereas all PWV 

increases in consistent manner with WC. Overall WC is 

greater associated with increase in PWVs and 

AIx@HR75 than BMI. 

 

DISCUSSION 

Our study suggested that BMI and WC both 

have mild positive linear relation with arterial stiffness. 

But WC is greater associated with increase in Arterial 

stiffness than BMI. It indicates central obesity affect 

characteristics of central arteries more as compare to 

generalized obesity. Both type of obesity is inter-related 

and increases simultaneously but increasing in fat 

deposition on thighs, arm and chest may not be as 

harmful as deposition of intra-abdominal fat for risk of 

arteriosclerosis. Increasing in arterial stiffness also 

predicts plaque development [35]. This decrease in 

elasticity of large arteries is earliest sign of 

atherosclerosis [36] arterial stiffness is nothing but a 

measure of tunica intima-medica thickening. Intima-

media thickening and plaque development is more 

prevalent in Cardio-Vascular Diseases [37]. The 

Rotterdam Study found no association between mild 

plaque score and Pulse wave velocity (PWV). However, 

in the presence of severe plaque score, as determined by 

ultrasound or abdominal calcification determined by X-

ray, PWV was significantly increased [38]. Some 

studies support our findings that measures of abdominal 

obesity such as waist circumference is to be the 

parameters best correlated with cardiovascular disease 

and mortality [17-25]. In contrast, some conclude that 

measure of central obesity is not superior to BMI in 

predicting CVD [26-33]. Weight gain leads to 

expansion of extracellular volume, cardiac output and 

regional blood flow to tissues [39, 40]. The mechanisms 

responsible for the increased regional blood flow still to 

be explained, but must involve the system-wide 

increased metabolic rate, local accumulation of 

vasoactive metabolites [41]. These hemodynamic 

changes, Sheer stress, BP, elevated sympathetic nerve 

activity, hormonal mechanism such as of leptin, 

adipokines, prothrombine activator inhibitor and 

noreoinephrine etc. in obese can explain the functional 

association between arterial stiffness and obesity, which 

in the long run may lead to structural adaptations in the 

arteries [39, 42-45]. 

 

Non-invasive measurement of vascular wall 

elasticity as PWV and analysis of arterial waveforms is 

an important diagnostic tool which allows one to collect 

information on the functional status of the arteries [46]. 

Some studies support the present study. R. Niruba et al. 

performed a study in Tamilnadu, India on 50 male 

subjects with mean value of age = 38±2 years and BMI 

= 26± 3. They concluded BMI is associated with 

Stiffness Index (an analogous parameter to CF PWV) 

and AIx (r = 0.564 and 0.437 (p<.05)). [7] 146 adults of 

both genders of mean age of 50 ± 6years analyzed for 

relation between BMI and CF PWV (r= 0.203, p<.05) 

and WC and CF PWV(r=0.369, p<0.001) in USA by 

Strasser B. et al. [47] 92 non hypertension healthy and 

113 Hypertension subjects were examined for the same 

by Recio-Rodriguez J et al (2012). They found a very 

weak relation with BMI in non-hypertensive (r = 0.078) 

but mild in hypertensive (r = 0.232 (p<.05)). But with 

WC CF PWV is stronger related in both cases (r= 0.209 

and 0.267 respectively) [48] Pandit DS. Et al. 

performed study on healthy adolescent subjects of India 

and observed r = 0.5 (p<0.05) between BMI and CF 

PWV as well as WC and CF PWV [49]. Wildman R. et 

al. concluded r = 0.370 (p<0.01) between BMI and CF 

PWV and r= 0.380 (p<0.01) between WC and CF PWV 

in 186 young adults of pennsylvania [50]. 

 

Some studies did not support present study. In 

a large study by Oren A et al. the relationship between 

pulse wave velocity and BMI did not reach statistical 

significance [51]. No differences in PWV were 

observed in relation to adiposity by Ryder JR et al. in a 

study in children [52]. 

 

The present study has been interpreted within 

the context of its limitations. We did not assess body fat 

but used anthropometric measures to estimate adiposity. 

We did not exclude the effect of age and hypertension 

on arterial stiffness. These two are primary predictor of 

arterial stiffness. Blood pressure and distensiblity of 

arterial system are inversely proportional and influences 

each other. Our sample size was not large enough too 
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stratified in age groups. We did not collect the 

information about sleep apnea which is common in 

obese and may affect the cardiac function and arterial 

properties [53]. Age, hypertension and sleep apnea 

confounded our results. But comparing the relationship 

of arterial stiffness with generalized and central obesity 

these confounders are almost ineffective. 

 

CONCLUSION 

Central obesity measured as WC is more 

associated with vessel wall properties stiffness as 

compare to generalized obesity. People should give 

more emphasis on reducing belly fat, than just losing 

weight for better cardio vascular health.  
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