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( ABSTRACT ) Background: Association between obesity and CVD is attributed to vascular dysfunction linking the two pathological

states.The aim of the study was to analyse the relationship of obesity with arterial stiffness in general population of Jodhpur
city. Materials and Methods: Cross sectional study including 150 adults aged 25-65 years (50.85+11.06). Anthropometric parameters like weight,
height, WC and BMI were measured.Biochemical tests were performed to obtain VAI values by calculations. Arterial stiffness was measured by pulse
wave velocity using Periscope based on oscillometric technique. Results: Left brachial pulse wave velocity (p value 0.018) and CF PWV(p value
0.050), significantly associated with log VAI in Pearson correlation analysis. Significant p value on comparison of pwvs in log VAI quartiles was
observed for Lt BaPWV by ANOVA test. The study results conclude positive association between VAI and pulse wave velocity.

( KEYWORDS : adipocytes, Visceral adiposity index ,Pulse wave velocity, arterial stiffness )

INTRODUCTION-

The prevalence of overweight and obesity has reached epidemic
levels,(1) increasing the risk of metabolic syndrome, atherosclerosis,
and type 2 diabetes.(2) All of these are crucial contributors to
cardiovascular morbidity and mortality. Obesity is described as an
excess of body fat linked to increased risk of high blood
pressure(3)which is the the main predictor of arterial stiffness
development and vascular injury . Central arterial stiffness is widely
acknowledged as a significant effect of ageing that causes harmful
vascular phenotypes.(4) Decreased compliance of the central
vasculature alters arterial pressure and flow dynamics and impacts
cardiacperformance and coronary perfusion.(5)

Age advancement observes multiple degenerative changes in the walls
of large elastic arteries thus contributing to increased stiffening over
time(6).The European Society of Hypertension (ESH)/European
Society of Cardiology (ESC), declared the measurement of aortic
PWYV, as the gold standard method for assessing and management of
arterial hypertension and arterial stiffness.(7)The pulse wave travels
through the artery system, and its speed is inversely proportional to the
arterial wall's distensibility: the higher the velocity, the lower the
vascular distensibility.(8)The use of PWV to assess the vascular
phenotype allows for the quantification of subclinical vascular disease
even before the onset of systemic hypertension.(9).

Obesity chiefly marks the hypertrophy and hyperplasia of adipocytes,
adipose tissue inflammation and irregular adipokine
secretion,(10).Adipokines dysregulation,via various mechanisms like
vascular inflammation,endothelial dysfunction, and vascular
remodeling induces rise in stiffness of vasculature.(11)Visceral
adiposity is the fat deposited around internal organ sites. Excess
adipose tissue, in particular abdominal and visceral adipose tissue
(VAT), has been closely linked to the development of the metabolic
syndrome. Because visceral fat has been proven to secrete particular
cytokines and substances that are implicated in atherogenesis and
autonomic imbalance, abdominal adiposity is thought to be more
detrimental.(12) The Visceral Adiposity Index (VAI) is an empirical
mathematical model, gender-specific, based on simple anthropometric
(BMI and WC) and functional parameters (triglycerides (TG) and
HDL cholesterol (HDL)), used to estimate visceral adiposity and is
validated by abdominal MRI.(13,14)Arterial compliance decreases
with increase in adiposity(15)independent of BP level, ethnicity, and
age(16). The previous study literature expliciting the association
between Visceral Adiposity Index and arterial stiffness in healthy
individuals is very meager and conflicting.So, the present study aims to
analysethe correlation between these two variables .

MATERIALS AND METHODS- research work was commenced
after the approval of the synopsis by the ethical committee, SNMC.

Study Design: cross sectional observational study,

Study Location: Department of Physiology, Dr. S.N.Medical
College, Jodhpur, Rajasthan.

Study Duration: from July 2021 to July 2022.
Sample size: 150 subjects

Sample size calculation: The sample size was calculated using the
below formula for correlation coefficient

N=([Z+Z,)/C)'+3

Where

N=Sample size.

Z, the standard deviation for o
Z,= thf: standard deviation for
C=0.5In([1+r]/[1-r])

r=expected correlation coefficient.
0=0.05 Z,=1.959964

$=0.05 7,=1.644854
Expectedr=0.3  C=0.30952
Sample size=138.64=139

Hence a total of 150 subjects, 75 males and 75 females were selected
and studied.

Subjects & selection method: random selection of subjects from
general population.

Inclusion criteria: Individuals aging between 25 to 65 years, of either
gender who are native residents of Jodhpur city.

Exclusion criteria:

1. Smokers

2. History of Cardio vascular disease and Renal disease

3. Any Chronic illness like Malignancy, Tuberculosis, Interstilial
Lung Disease, Arthritis , Psychiatric disorders.

4. AnyAcuteinfection like Covid-19, Influenza, Typhoid.

5. Any medical condition influencing degree of obesity such as
Thyroid disease, Cushing syndrome etc.

6. Subjects on Weight reduction medications and steroids,
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Procedure methodology- Only those subjects were enrolled for the
study who gave informed consent to participate in the study. Name,
Age, Gender and Socio-economic data was collected in a Performa,
followed by anthropometric measurements, physical examination and
medical history review. All participants enrolled in the study were as
per inclusion/exclusion criteria.

In the present study, anthropometric measurements (Weight, Height
,Waist circumference, 1 7 Body Mass Index) (18)lipid profile tests(total
cholesterol (TC), triglycerides (TG), and high density lipoprotein
(HDL by Robonik automatic biochemical auto-analyzer (19) were
performed.

Visceral Adiposity Index- In the present study, skewness of data is
observed for Visceral adiposity index so log transformation of
presented values was done and log transformed variable was used for
analysis of data. Visceral adiposity index calculated using sex specific
equations.

wC
Eemales: VAI ( ... __]
e 3658 + (1.89 x BMI)

TG 52
() as):

wC
Males: VAI = ( ) )
e 39.68 + (1.88 x BMI)

TG 1.31
* ( 1.03 ) " ( I’th.)'
Arterial Stiffness was assessed by PERISCOPE [RMS India], a
Computer based pulse waveform analysis system that uses
simultaneous Noninvasive Blood Pressure measurements and
waveform from four limbs and ECG waveforms to calculate Pulse
Wave Velocity (20) We collected right and left brachial ankle (ba
PWV) and carotid femoral (cf PWV) pulse wave velocity and their
reference value for age, from report generated by this device.

Statistical analysis-Data were expressed as mean + SD. Statistic
calculations were done using Analysis ToolPak Add-in in Microsoft
Office excel® 2007 and IBM ® SPSS ® Statistics Subscription. Data
were compared in 4 log VAI groups and in 2 groups by median splitting
the pvw values by ANNOVA test. Correlation analyses were
performed between each and every variable by Pearson correlation
analysis

OBSERVATIONSAND RESULTS
Table 1 shows results of Pearson Corealation analysis done to
associate the Visceral Adiposity Index with arterial stiffness.

Table 1 - Relationship between log VAI and Pulse wave velocity
(Pearson correlation) (N 150)

Variables r value p value Significance
Right BaPWV(cm/sec) 0.067 0.419 NS

Left BaPWV (cm/sec) 0.193 0.018 S

C-F PWV (cm/sec) 0.153 0.050 S

*NS = Not Significant, S = Significant (p < 0.05) HS = Highly
Significant (p<0.01)

Left brachial pulse wave velocity (p value 0.018) and CF PWYV,
significantly associated with log VAI indicate positive corelations
between arterial stiffness parameters and obesity.

Table shows comparison of various pulse wave velocity valuesin log
VAI quartiles.

TABLE 2- Arterial stiffness indices (pulse wave velocity) in log
VAI quartiles.

Q1 Q2 Q3 Q4 .
Log VAT 1 5 34 134157 [1.57-182 [>1.82  [Si8
N 150 37 38 38 37
Variables |Mean+ SD |Mean+ SD |Mean+ SD |Mean+ SD|p

value

RtbaPWV [1406.55+£336(1521.14£54|1541.56+60| 1474.19+3 0.62
(cm/sec) |.06 5.03 9.90 45.16 :
Lt baPWV|[1163.73+£281|1334.70+35[1469.85+38|1398.45+4(0.004
(cm/sec) |.25 3.62 7.50 49.71 2

C-F PWV [850.00+164. [970.49+272] 1024.09+33]972.54+29] 0.057
(cm/sec) |05 14 8.36 421

Chart 1 — Pearson correlation between log VAl and C-F PWV
(cm/sec)
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Linear increase in pulse wave velocity is observed with increase in log
VAL

Observed data show all arterial stiffness parameters consistentently
increase with log VAl Statically Significant p value on comparison of
variables was observed for Lt BaPWV by ANOVA test.

PWVs in Log VAl quartiles
2000

1500

1000
o

<134 1.34-157 157-1.82 »1.82
a1 a2 a3 a4

=

W RtbaPWV (cm/sec) W LtbaPWV(cm/sec)  MC-FPWV (cm/sec)

Left brachial ankle pulse wave velocity is divided into two groups as
per median value and distribution of subjects in all 4 quartiles is
tabulated below

Table-3- Distribution of subjects in VAI quartile groups with
Median splitting of Lt—-baPVW

B Ql Q2 Q3 Q4
tL>:1va ;rlj’g?‘écts VAI VAI VAI VAI
] <1.34 1.34-1.57|1.57-1.82  |>1.82
Lt
baPVW<1 |75 26 24 10 15
273
Lt
bapvw>12 |75 11 14 28 22
73
Total 150 37 38 38 37
30
25
20
15
10
= | 0
0
VAKL34 VAIL34-157 VAI>1.57-1.82 VAI>1.82
VAIQ

WLBPWY Grading Lb2PWV <1273 W LBPWV Grading LbaP WV>1273

When the subjects are distributed as per median LT -baPWV and VAI
quartiles, we observe that subjects with greater PVW values are more
in number in higher VAI quartiles,thus indicating their co existence
together.

DISCUSSION.

Adiposity of either type whether central (visceral) or generalized
(subcutaneous) more or less may contribute in arterial stiffness. The
release of inflammatory cytokines also known as adipocytokines, may
stimulate the pro-inflammatory state, which further progresses to
obesity-induced low-grade inflammation.(21).These adipocytokines
also increase the production of reactive species in the brain, through
activation of NADPH oxidase,(22) increase the oxidative stress in
rostral ventro-lateral medulla, which determines the basal sympathetic
activity.(23)Increased basal sympathetic activity reflects as increased
blood pressure, raised resting heart rateand vascular smooth muscle
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cell (VSMC) tone, with resultant increased arterial stiffness(24,25,)

The increased secretion of prothrombin activator inhibitor-1 from fat
cells may play a role in the pro coagulant state along with changes in
endothelial function may be responsible for increase vascular stiffness
and hypertension. (2).

Moreover, increased body fatness results in elevated circulating leptin
concentrations, which are linked to increased arterial stiffness(7)

Similar results were observed by Kim —Sutton Tyrell (2001), B.
Strasser M. Arvandi (2015) (26) Hirokazu Morigamil, Tomoaki
Moriokal (2016) (27),Bin Wu , Jingshan Huang (2018), (28)Hee
Seon Choi (2019) ,Da-Hye Son (2021). (29)

Our results did not match with study done by A. Ishida 2017(30) In
univariate analyses, VFA and WC showed a weak positive correlation;
followed by weak negative association in multivariate analyses after
adjustment for sex, age, systolic pressure, and heart rate. Visceral fat
obesity was not systolic pressure-independently associated with
increased aortic stiffness.

CONCLUSION-

VAI index calculated using BMI, WC, HDL AND TG shows
positive associations with pulse wave velocities.Subjects with high
arterial stiffness values also presented with high log VAI values thus
proving their co existence together. In VAI quartiles , pulse wave
velocities gradually increased with increased values of VAI
explaining that obesity and vascular dysfunction exhibit a cause effect
relationship greatly affecting cardiovascular morbidity and mortality.
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