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ABSTRACT

Introduction: Peripheral Vascular Disease (PVD) is an important
public health problem, due to its insidious course and the associated
co-morbidities. Obesity has been implicated as one of the risk factor
besides others. However, the reports on obesity are not consistent.

Aim: To assess the association between central obesity and
PVD along with other risk factors and the present study is
undertaken to examine the correlation of central obesity as a
risk factor for PVD. Further, the association between other risk
factors and PVD was also ascertained.

Materials and Methods: A total of 124 subjects were recruited
in this case-control study. Ankle Brachial Index (ABI) was
measured using peripheral Doppler studies. Patients with ABI
<0.9 were taken as cases and with ABI >0.9 were taken as
controls. Blood pressure was measured in the sitting position
and the authors obtained anthropometric and demographic
data. Chi-square test was used as the test of significance and
p-value <0.05 to be considered as level of significance.
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INTRODUCTION

Peripheral vascular disease is a condition affecting the peripheral
vessels (extremities), sparing the cardiac and cerebral arteries. This
is often due to atherosclerosis, that leads to partial obstruction of
the peripheral arteries, reducing perfusion to the tissues supplied by
these arteries [1]. PVD is usually asymptomatic in many patients. But
over the time, it can lead to severe tissue damage due to ischaemia,
gangrene and necrosis and eventually amputation of the limb. There
are many known risk factors for PVD such as diabetes, hypertension,
smoking, hyperlipidaemia, etc. However, there are conflicting results
with regard to obesity. Obesity has become a major public health
problem in many countries. The role of BMI in defining the severity
of obesity of different grades has been well-established in numerous
epidemiological studies [2,3]. Some studies show that inflammatory
markers are elevated in patients of PVD with an abnormal WHR [2].

Vascular dysfunction resulting from adipocyte-mediated cytokine
release has been implicated in triggering hypertension and
dyslipidaemia [3]. Cardiovascular outcomes are not altered as
expected in obese individuals. Despite the strong evidence
between elevated BMI and cardiovascular risk factors, favorable
cardiovascular outcomes have been observed in obese patients as
compared to those with normal BMI, which is otherwise referred
to as the ‘obesity paradox’ [4]. Different theories, such as body
composition, and improved cardiorespiratory fitness have been
postulated to explain the improved prognosis in such individuals.
Similar results were noted in patients with PVD [5]. Identification of
obesity apart from other risk factors assumes importance because
PVD is associated with reduction in functional work capacity and
quality of life [6]. In addition, PVD is also associated with personal,
social and economic burden [7]. Therefore, this study was undertaken
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Results: Of the total 124 participants in the study, 62
participants were the cases and 62 participants were controls.
Body Mass Index (BMI) was higher in cases with PVD but Waist
Circumference (WC) and hip circumference were significantly
lower (p-value=0.003 and <0.001 respectively) and Waist-Hip
Ratio (WHR) did not show any significant difference between
cases and controls. Thus, fat mass is located elsewhere in these
individuals, possibly it may be accumulated in the extremities.
Other risk factors like history of smoking, history of alcoholism
and history of diabetes mellitus had a positively significant
association with PVD with p-values <0.001, 0.023 and <0.001
respectively.

Conclusion: The results obtained from this data suggests
that PVD is not associated with central obesity, instead it
provides evidence that PVD correlates with peripheral fat mass.
Subsequent studies separating central and peripheral obesity
are required to get more clarity on the relationship between
obesity and PVD.

to correlate the central and peripheral fat mass as a risk factor for
PVD along with other risk factors.

MATERIALS AND METHODS

Recruitment of subjects: The study was conducted on the patients
attending the OPD of Apollo Institute of Medical Sciences and
Research, Chittoor, Andhra Pradesh. Ethical clearance was
obtained from the Institutional Ethical Committee (Number: IEC12/
AIMSR/05/2019). Informed consent was taken from each of the
participants. A total of 124 participants were recruited for the study.

The history of hypertension, diabetes, coronary artery disease,
smoking and alcohol intake was taken. Anthropometric measurements
included height and weight measurements and BMI was determined
according to kilogram per meter square. Waist and hip circumference
were measured using standard techniques and the WHR was
calculated [8]. The blood pressure was recorded using a mercury
sphygmomanometer in sitting posture [9]. They were categorised
into cases and controls on the basis of Ankle Brachial Pressure
Index (ABPI) [10]. Doppler studies were performed on both upper
and lower limbs and the ABI was calculated.

Inclusion criteria: All adults residing in Chittoor town with age
18 years and above attending the OPD and the subjects having
ABI value of <0.9 were considered as cases of PVD. An ABI value
of 0.9 to 1.14 was taken as the cut-off value for controls and
were included in the study.

Exclusion criteria: Bilateral upper/lower limb amputees/absence of
limbs, critically-ill patients, pregnant and lactating women and the
patients with history of cerebrovascular accidents were excluded
from the study.



Sadhasiva Bhavadeep Kumar Reddy et al., Obesity and Peripheral Vascular Disease

STATISTICAL ANALYSIS

Data was entered in MS excel and analysed using SPSS version
22.0 software. Chi-square test was used as the test of significance.
A p-value <0.05 was considered as statistically significant.

RESULTS

A total of 124 participants were included in the study, among which
62 participants were cases having PVD identified by ABI less than
0.9, and 62 participants were controls having ABI >0.9. Comparison
of demographic factors between cases and controls are presented
in [Table/Fig-1]. The mean age of the subjects among cases was
59.94 years and among controls, it was 61.29 years. Individuals of
both the groups were of the same demographic frequency.

Variables | Cases (62) n (%) | Controls (62) n (%) p-value
Age categories

<50 years 16 (25.8%) 12 (19.4%)

51-60 years 19 (30.6%) 15 (24.2%) x*=2.406
61-70 years 15 (24.2%) 22 (35.5%) p(:d(])(:fg)g
>70 years 12 (19.4%) 13 (20.9%)

Gender

Male 39 (58.5%) 35 (56.5%) %?=0.00
Female 23 (41.5%) 27 (43.5%) pgf_:g(;o

[Table/Fig-1]: Demographic factors of the study subjects.

df: Demographic frequency; p-value <0.05 considered significant

The mean systolic blood pressure was higher in cases (140.4+8.04 mm
of Hg) compared to controls (137.7+8.12 mm of Hg), but the difference
was not significant statistically. However the mean diastolic blood
pressure was significantly higher in cases (85.0+7.44 mm of Hg) than
controls (81.5+6.73 mm of Hg). A significantly higher number of cases
(54.8%) were smokers as compared to controls (17.7%). Similarly, a
higher number of cases (33.9%) were consuming alcohol compared
to controls (16.1%). A significantly higher number of cases were having
diabetes mellitus and hypertension compared to controls [Table/Fig-2].

Clinical history and signs | Cases | Controls | p-value

Blood pressure (mm of Hg) (mean+SD)

Systolic blood pressure 140.4+8.04 137.7£8.12 0.065

Diastolic blood pressure 85.0+7.44 81.56+6.73 0.007

History of smoking n (%)

Yes 34 (54.8%) 11 (17.7%) %2=18.45

(df=1)

No 28 (45.2%) 51 (82.3%) p<0.001

History of alcoholism

Yes 21 (33.9%) 10 (16.1%) %2=5.20 (df=1)
p=0.023

No 41 (66.1%) 52 (83.9%)

History of diabetes mellitus

Yes 57 (91.9%) 19 (30.6%) ¥2=49.1 (df=1)
p<0.001

No 5(8.1%) 43 (69.4%)

[Table/Fig-2]: Personal and lifestyle factors of the study subjects. History of

coronary artery disease was reported in one patient.
p-value <0.05 considered significant

In both cases and controls, a greater number of participants were in
obesity grade | (45.2% cases and 58.1% controls). The number of
participants with grade Il obesity is more in cases (38.7%) compared
to controls (8.1%). A significantly higher number of cases were
in higher BMI categories (obesity grade | and grade Il) compared
to controls. Mean waist circumference, hip circumference was
significantly higher in controls compared to cases. But, WHR did
not show any significant difference between cases and controls as
the majority of the subjects were within the normal cut-off values of
WHR in both cases and controls [Table/Fig-3].
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Variables Cases n (%) Controls n (%) p-value
Body Mass Index (BMI)

<18.5 kg/m? (Underweight) 2 (3.2%) 1(1.6%)

18.5-22.9 kg/m? (Normal) 5(8.1%) 7 (11.3%) 12=20.365
23.0-24.9 kg/m? (Overweight) 3 (4.8%) 13 (20.9%) (df=4)
25.0-29.9 kg/m? (Obesity |) 28 (45.2%) 36 (58.1%) p=0.002
>30 kg/m? (Obesity II) 24 (38.7%) 5(8.1%)

Waist Circumference (WC) 82.2+8.16 86.3+6.48 0.003
Hip circumference 103.2+6.75 111.2+8.83 <0.001
Waist-Hip Ratio (WHR)

Normal 54 (87.1%) 57 (91.9%) x2=0.77
Increased 8 (12.9%) 5(8.1%) p(:d(;:317)9

[Table/Fig-3]: Anthropometric variables of the study subjects.

p-value <0.05 considered significant

DISCUSSION

It was derived from observations of this study that PVDs are
correlated positively with BMI. Further, there is evidence that it
is the peripheral fat mass that is positively correlated with PVD
and not the central obesity or abdominal obesity [11]. Patients
with PVD had lower waist circumference values as compared
to controls but higher BMI. This finding possibly indicates a
reduction in abdominal fat in PVD cases due to various reasons or
accumulation of fat in the lower extremities. The causes of greater
distribution of fat in lower extremities may be due to the functional
impairment (disuse) caused by the disease [9]. Similar findings
were observed in some studies. In a study done by Jayanthy
AK, et al., it was found that BMI is directly related to ABI in PVD
patients which is in agreement with the present study [10]. Lu B
et al., showed that WHR increases the risk of PVD in men and
higher WC increases the risk of PVD in women [12]. However,
some studies have reported BMI as a protective factor for PVD
[13] while many others reported that the association between
obesity and PVD was not significant [14].

In cases of PVD, over a period of time leg muscle is replaced by
adipose tissue due to physical inactivity, genetic factors, associated
neuropathy and other co-morbid conditions. These observations
are in agreement with earlier studies which show that PVD patients
with significant ABI discrepancies have lower calf muscle area and
higher calf muscle percent fat in the leg with severe ischaemia [9].
In the same study it was found that PVD participants had lower calf
muscle density, lower calf muscle area, and higher calf fat and were
associated with decreased mobility at two year follow-up. In a study
done by Golledge J et al., it has been reported that obese patients
with PVD were associated with reduced mortality as compared to
underweight patients with PVD [15]. In a study done by Anusruti A
et al., it was found that reactive oxygen metabolites (determinant of
high oxidative stress in obese individuals) were independent of the
participant’s weight [16].

Despite this, several studies have shown the obesity survival
paradox, showing the association between higher BMI and survival.
The role of obesity in PVD outcomes is also not well-established,
but some studies have shown clear survival benefits [10]. Some of
the possible explanations are that obese patients are more likely to
seek medical care at an earlier stage because of other co-morbid
conditions which potentially influence long-term outcomes. More
aggressive treatment and medication in this population may lead to
a reduction in unfavourable outcomes. High level of suspicion and
better screening have reduced the time of diagnosis drastically and
hence they tend to take better precautionary measures. The other
well known risk factors like diabetes, hypertension and smoking
were associated directly with PVD.
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In a study done by Criqui MH et al., it was shown that diabetes
was significantly associated with PVD [17]. American Diabetes
Association reported diabetes mellitus as the strongest risk factor
of PVD [18]. Dyslipidaemia also has been identified as a significant
risk factor for PVD in many studies. Ridker PM et al., reported
dyslipidaemia as an independent risk factor [19]. Some studies have
reported hypertension as a significant risk factor of PVD [20-22].
Smoking is a well known risk factor for PVD. It showed significant
relation with PVD in the present study. Among cases in the age
group of 61-70 years, there was a significant correlation with history
and duration of smoking. A similar finding was observed with the
controls. In both these instances, they had a lower ABI. This clearly
indicates smoking as a very important risk factor which plays a
key role in the pathogenesis of PVD. Many studies have identified
smoking as a potent risk factor of PVD with consistent dose
response relationship. In a study done by He Y et al., it was reported
that both current smoking and former smoking was a significant risk
factor of PVD [22]. A systematic review done by Willigendael EM et
al., found that the prevalence of PVD had increased by two-three
folds among current smokers compared to non-smokers and a
clear dose-response relationship was seen [23]. Similar findings
have been reported in previous studies also [24]. A higher number
of cases were consuming alcohol in the present study, however
Fabsitz RR et al., showed that current alcohol consumption is
negatively associated with PVD [25].

Limitation(s)

Firstly, the other measures of obesity like waist-to-height ratio and
waist-to-thigh ratio were not measured. Secondly, a larger study
population would have given more consistent results. Thirdly, the
data regarding the physical activity levels of the subjects were
not obtained.

CONCLUSION(S)

The findings obtained from this study suggest that PVD is not
associated with central obesity instead it is associated with peripheral
fat mass. Further, BMI, diabetes, hypertension and smoking were
significant risk factors for PVD. Though the WC was lower among
the cases of PVD, the accumulation of fat in the lower extremities
could have possibly contributed to higher BMI in these individuals.
Further studies in relation to the pathophysiology of PVD and the
correlation of these results with other obesity indices are needed to
come to a proper conclusion.
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