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Comparison of ankle brachial index between normal BMI and different obesity grades
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Abstract

A sedentary lifestyle has caused adverse effects on people’s life causing health problems like cardiovascular problems obesity
hypertension etc. In is project we are studying the relationship between ABI and different BMI and obesity grades. The ankle
brachial index is a simple method used to determine the risk of peripheral arterial disease in people with different body mass

index and different obesity groups.
By using simple formula

AlIB=highest systolic ankle pressure / highest systolic brachial pressure
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Introduction

Body-mass index (BMI) is a metric used for defining a
measurement and proportion of human body. It is used to
classify humans into different categories according to their
body mass . BMI is calculated as weight in kilograms
divided by height in centimetres (weight in kg/ height in
cm). The body-mass index is used to classify overweight
and obese population. This method is also used to assess
weight loss programs [,

The body-mass index classification for the Asian population
varies from that of the European population. As per the
World Health Organisation (WHO), the criteria developed
by WHO to measure BMI are not suitable for the Asian
population, as the individuals have different associations
between BMI, percentage of body fat, and health risks, from
the European population. However, there is no precise
recommendation for the Asian population [, Universal BMI
categorization is not suitable among the diverse Asian
populations, as Asians display strikingly different obesity-
related characteristics [©1.

There is significant statistical inverse correlation between
BMI and systolic and diastolic blood pressure. Higher BMI
is an important risk factor for developing peripheral arterial
diseases (PAD) in the general population ™. PAD is defined
as narrowing and blockade of peripheral arteries. A severe
manifestation of PAD can cause limb loss, critical limb
ischemia, and even death if not treated timely. Previous
analyses show that patients with PAD have a high incidence
of major cardiovascular events Fl. Obesity may be casually
related with PAD after keeping in check underlying health
issues  like  hypertension,  hyperglycaemia,  and
dyslipidaemia. Moreover, it has been researched that
patients with PAD have a higher chance of developing
major cardiovascular events (CVES M. Obesity has been
recognized as a risk factor for incident CVEs in the general
population 1. According to The Physician’s Health Study,
cardiovascular risk increases linearly and significantly with
higher level of BMI [],

Classification of BMI [28]

According to the World Health Organisation (WHQ), the
Asian-BMI classification is divided into normal range,
overweight, Obese-1, and obese-11. The WHO recommends
BMI value of 23 kg/cm to 25 kg/cm as cut off point as
overweight for the Asian population. The population with
BMI ranging from 25 kg/cm to 30 kg/cm fall into Obese-I
category; whereas the population with BMI higher than 30
kg/cm falls in the obese-11 category.

Table 1: Classification of BMI

Nutritional status BMI
Normal range 18.5-22.9
Overweight 23-24.9
Obese-I 25-29.9
Obese-11 >30

The ankle-brachial index (ABI) has also been called the
ankle-arm index, the ankle-brachial blood pressure index,
the ankle-arm ratio, or the Winsor Index. The term ABI was
recommended by the recent American Heart Association
Proceeding on Atherosclerotic Peripheral Vascular Disease.
The ABI is the ratio of the systolic blood pressure (SBP)
measured at the ankle to that measured at the brachial artery.
ABI is an indicator of atherosclerosis at other vascular sites
and can be defined as a marker for cardiovascular events.
An abnormally elevated ankle brachial index (ABI) has
been correlated with increased cardiovascular disease
(CVD) risk. The longitudinal relationships of various
measures of obesity with an abnormally high-ABI is studied
in this project ["],

PAD indicates high-risk of coronary heart disease and
stroke. PAD is typically asymptomatic before progressing to
clinical stages. ABI is a simple, inexpensive, can diagnose
PAD before symptoms, improve prognosis, and can delay
further complications 1.

ABI has drawn attention to prognostic marker for
cardiovascular events. ABI ranging between 1-1.4 indicates
healthy individual, value lower than 1 or less than 0.9
indicates progressive level for developing PAD. ABI is
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characterised as low < 0.9, borderline > 0.9, normal 1-1.4,
and higher > 1.4 12,

In order to have accurate ABI the test should be performed
with proper equipment’s needed for testing ABI and defined
protocol. Arm pressure is obtaining by palpating brachial
artery, ankle pressure is obtaining by palpating dorsalis
pedis pulse located at dorsum of the foot and posterior tibial
pulse located behind the medial malleolus. To discard
hydrostatic pressure from the ankle on which the test should
be performed the patient should be in supine position. As
the position is supine the ankle cuff and arm cuff are aligned
with the level of right atrium and hydrostatic pressure is
assumed to be zero. If the patient is in seated or standing
position, there can be error or the false reading of ABI while
taking ankle blood pressure. Brachial pressure / Arm blood
pressure can be accurate while taken in sitting position M.
Calculation of ABI patient should be in supine position
brachial pressure should be calculated in both the arms by
using sphygmomanometer, highest systolic reading obtains
by comparing both upper limb is considered as numerator.
Ankle pressure it calculated by using same method highest
systolic pressure after comparing both lower limb pressure
is considered as denominator 41,

ABI= Highest Systolic ankle pressure/ Highest systolic
brachial pressure

Higher BMI cause cardio vascular problems, and
abnormally elevated ankle brachial index is correlated with
increased cardiovascular risk. Aim is to examine relation
between different BMI and their ankle brachial index (ABI)
B, Obesity is major factor leading to high ABI
measurement. In this the effect of BMI with correlation with
abnormal ABI (low or high ABI) and both factors causing
cardio vascular problems. In this we examine how ABI is
notably affected by different BMI grades [,

Sedentary lifestyle in young adults and middle-aged
population is seen that is watching television, playing video
games, work life of IT workers, causing major health crises
obesity. Unhealthy diet like eating junk food which contains
high fat sugar and salt more than requirement of our daily
body need, various types of fast food such as pizza, burger,
cold drink, etc. causing obesity in population M, Obesity is
one of the number one health problem. Obesity is major risk
factor causing cardio vascular disease, coronary artery
diseases, peripheral arterial diseases, etc. ABI is one of the
simple methods to diagnosis peripheral arterial disease risk
and to assess cardiovascular predication in general
population 10,

Aim and objectives

Aim

= To study ankle-brachial index in obese population.
Objectives

= To study ankle brachial index in obese population using
ABI formula.

Hypotheses

= Null Hypothesis: ABI is not affected in obese people.

= Alternative Hypothesis: ABI is affected in obese
people.

Materials and methodology
= Materials: Consent form, cell phone, internet, pencil,
laptop, notepad, pen, table, sphygmomanometer.

Study design: Survey based

Sampling method: Convenient
Sample size: 80
Target population: Obese population
Study setup: In a room where a plinth is available,
along with digital sphygmomanometer, weighing scale,
and stadiometer.

Inclusion and exclusion criteria

1.
2.
3

1.
2.

3.

Inclusion criteria
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Population of both genders, male and female.
Obese and healthy population.
Age group between 18-60 years.

Exclusion criteria

Those who are not willing to participate.
Population below age group of 18 years and above 60

years.

Having underlying diseases.

Outcome measures
Using ankle-brachial index (ABI).

Result & data analyses

Result 1: gender distribution

Table 2: BMI classification

Nutritional Status BMI
Normal range 18.5- 22.9
Overweight 23-24.9
Obese- | 25-29.9
Obese- 11 >30

Interpretation

34%

= female male

Graph 1.1

Graph 1.1 shows that in this study
34% of the participants were male.

The remaining 66% of the participants were female.

Result 2: age chart

Table 3: BMI distribution of the population

Age group | Normal | Overweight | Obese | | Obese Il
19- 27 19 12 7 6
28- 36 0 3 7 1
37-45 1 3 3 6
46- 55 0 2 3 1
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Interpretation

Graph 1.2 shows that
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= Between the ages of 19-27 years: 43% were normal,
27% were overweight, 16% were obese |, and 14%
were obese II.
= Between the ages of 28-36 years: 0% were normal, 27%

were overweight, 64% were obese I, and 9% were

Result 3: blood pressure

Between the ages of 46- 55 years: 0% were normal,
17% were overweight, 25% were obese I, and 58%

were obese II.

Table 3: UL and LL blood pressure in the population

obese Il. Blood Pressure Upper Limb Lower Limb
= Between the ages of 37- 45 years: 8% were normal,23% Normal 108.5 129.8
were overweight, 23% were obese |, and 46% were Overweight 129 156.6
obese II. Obese | 123.55 144.35
Obese |1 128.05 164.1
BLOOD PRESSURE
180
164.1
160 156.6
144.35
140 129.8 129 128.05
123.55
120 108.55
100
80
60
40
20
0
NORMAL OWERWEIGHT OBESE 1 OBESE 2
EUL BmLL
Graph 1.3
Interpretation = Blood pressure for Obese | UL was 46% and for LL
Graph 1.3 shows that 54%.
* Blood pressure for Normal UL was 46% and for LL = Blood pressure for Obese 1l UL was 44% and for LL

54%.

= Blood pressure for Overweight UL was 45% and for LL

55%.

56%.
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Mean: 135.5+18.26
Result 4: comparison of ABI & BMI

Table 4: p-value

Particulars Mean + SD
ABI 1.20 £0.06
BMI 26.85+ 5.76
p-value 0.06
Discussion

The purpose of this study was to understand the association
of ABI between different BMI grades among the population.
The study has a total of 80 participants, of which 27 are
male and 53 are female (as shown in Graph 1) [,

Sedentary lifestyle has been gradually increasing over the
years. Sedentary lifestyle is defined as an individual taking
less than 5000 steps per day 2. Greater BMI is a risk factor
for developing peripheral arterial diseases (PAD). PAD is a
disorder characterized by decreased blood flow to the limbs,
due to an obstruction or narrowing of the vessel tributaries.
The occurrence of PAD increases with age and increase in
life expectancy, leading to increased number of people
living with PAD, especially among those over the age of 80
8]

PAD is exceedingly common in selected risk population but
diagnosis of PAD is not established promptly. So specific
diagnostic approach to obtain accurate diagnosis should be
used by clinicians. The ABI test widely used to detect PADs
by a diverse range of practitioners. It is a sensitive and cost-
effective screening tool for PAD El. In comparison with
other diagnostic methods, ABI is superior because it is a
simple, non-invasive test, and can be determined in routine
check-ups. The normal range for ABI is between 0.9 and
1.4. An abnormal ankle-brachial index- below 0.9 is an
influential indication of cardiovascular risk 2. ABI values
above 1.3-1.4 correlate with major adverse cardiovascular
events.

Table 5: Interpretations and Recommendations of various ABI

values [1°]
ABI value Interpretation Recommendation
>1.4 CaICILlcatlon_/ Vessel Refer to vascular specialist
ardening
1-14 Normal None
0.9-1 Acceptable None
0.8-0.9 Some arterial disease Treat risk factors
0.4-0.8 |Moderate arterial disease |Refer to vascular specialist
<0.4 Severe arterial disease |Refer to vascular specialist

ABI between 0.4 to 0.9 is considered as mild to moderate
PAD, and ABI of less than 0.4 is considered as severe PAD.
The ABI value of less than 0.9 is strongly associated with
other cardiovascular risk factors and with PAD occurrence.
ABI values greater than 1.4 are considered abnormal, but it
is not necessarily a diagnostic of peripheral arterial disease.
Here, the pedal arteries are stiff and cannot be compressed
by the blood pressure cuff (11,

For taking ABI measurement, the patient should be in
supine position after five minutes of rest. A cuff is placed
around the ankle for measurement of both dorsalis pedis and
posterior tibial arteries using a digital sphygmomanometer,
and the highest systolic pressure in one of the limb is noted.
Same technique is used for both the arms for measuring
brachial artery pressure. The higher of the two ankle
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pressures is divided by the brachial pressure. Thus, the PAD
severity is assessed according to the levels of ABI [*3],

ABI is calculated by dividing higher systolic blood pressure
measured in the ankle by the higher systolic pressure in the
brachial artery ', There is an inverse correlation between
BMI, diastolic and systolic blood pressure. The risk of
peripheral arterial diseases increases in patients with higher
BMI. PAD is defined as blockade of peripheral arteries.
Previous analyses show that major cardiovascular events
take place with patients having PAD. Sedentary lifestyle can
cause obesity, and obesity may be casually related to PAD,
after keeping in check, underlying health issues like
hypertension, hyperglycaemia, and dyslipidaemia. PAD is
typically asymptomatic before progressing to clinical stages.
ABI can detect PAD and can delay further complications I,
According to Graph 2 1% of the study, the highest rate of
normal BMI fell in the category of 19-27 years with the
result at 43%. Out of the remaining population in the age
group, 27% were overweight, 16% fell in obese | category,
and 14% fell in obese Il category. As the age increased, the
case of obesity increased in general. Categories aged 28-36
years, 37-45 years and 46-55 years showed a higher range of
BMI than the young population of 19-27 years. Among the
ages of 28- 36 years, 27% of the population was overweight,
64% fell in obese | category, and 9% fell in obese II
category. The older range of 37- 45 years showed that 8% of
the population had a normal BMI, 23% were overweight,
23% fell in obese | category, and 46% fell in obese Il
category. The oldest age group of 46- 55 years, had the
greatest number of obese Il patients at 58%. Population
falling within the obese | category were at 25%, overweight
at 17%, and 0% within the normal BMI range.

A study by Marinos Elia in ‘Obesity in the Elderly’ shows
that there is a general increase in BMI and weight with age,
until the age of 60. As per a study by Suman Dua in the
article ‘Body Mass Index Relates to Blood Pressure Among
Adults’ states that the overweight and obese population
tends to have hypertension than those with a normal BMI.
Further, the article ‘Exercise Evaluation of Upper vs. Lower
Extremity Blood Pressure Gradients in Paediatric and
Young Adult Participants’ by Sandra K. Knecht states that
systolic blood pressure in the leg is higher than the arm ¥,
According to Graph 3 [l the people with higher BMI
showed a higher range of systolic pressure in the upper as
well as lower limb when compared with the people having a
normal-ranged BMI. The average UL pressure in people
having normal BMI was 108.55 and LL pressure was 129.8
whereas, the average UL pressure in overweight population
was 129 and LL pressure was 156.6. Obese | population had
an average UL pressure of 123.55 and LL pressure of
144.35. The population falling in obese Il category had a
higher average UL pressure at 128.05 and LL pressure at
164.1.

As per an article by Geoffrey H Tison in ‘Usefulness of
Baseline Obesity to Predict Development of a High Ankle-
Brachial Index’ weight and BMI are associated with an
abnormal ankle-brachial index (ABI). An abnormally
elevated ABI is associated with increased cardiovascular
disease (CVD) risk [,

Conclusion

This study shows that as the age increases, the person’s
obesity increases as well, and in turn increases the BMI.
Higher BMI is associated with increased systolic pressure in
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the upper and lower limb. The study also shows that the
systolic blood pressure in the leg is elevated than the arm.
Higher BMI as well as high weight is associated with an
abnormal ankle-brachial index. To conclude, a higher range
of ABI increases the risk of cardiovascular disease in the
general population.

The p-value of the population data is 0.06.
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