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ABSTRACT [y i fes: ‘J e

There is little scientific evidence by the international co /yrumty of there being a positive
correlation between Body Mass Index (BMI) and blood pressure. | have decided to do
my own research to try and see whether BMI has any ‘effect on blood pressure before
and after exercise and if so what these effects are. | then came up with my research
question which reads: “Is Blood Pressure before and after exercise influenced by Body
Mass Index (BMI}?" | came up with a simple practical method which involved calculating
a sample of 30 of my friends’ BMI and blood pressure before and after doing a short and
mild exercise. | used a cross frainer for the exercise and measured their blood pressures
with a sphygmomanometer. My friends then ran a short distance of 200 meters on the
cross trainer and after | measured their blood pressures. | also had to measure their
blood pressure before they did the exercise so as to compare the results. | used the
formula (weight/height?) in order fo get their BMls. These were my findings. in general
the individuals with the lower BMis who are considered to be either underweight or
normal had a lower rise in pressure after the exercise than the individuals with the higher
BMis. Affer do:ng some exiensive research | found out that there are plenty of other
variables that influence blood pressure and so | drew up the conclusion that BMI is only
one of the many factors that influences blood pressure.
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INTRODUCTION

| was interested in finding out whether Body Mass Index (BMI) had any effect on blood s
pressure and this is how | came up with the research question; “is Blood Pressure ‘J/V
before and after exercise influenced by Body Mass Index (BMI)?" | decided that | would
test this by carrying out a simple method that would allow me to calculate a person’s BMI
and have them do a small form of exercise while having checked their blood pressure
and puise rate before and after the exercise. | struggled to come up with a way fo
regulate the exercise in order for it to become a fair test and finally came up with a
practical solution. | decided to use a cross trainer which made it possible for me to set
the same pressure and distance my subjects would have to run. The exercise my friends
had to do was run on the cross trainer for a distance of 200m. My friends were eager to
help me carry this out so it was not a problem in getting a good sample size of at least
30 students.

Backqround Information:

What is Body Mass Index (BMi)?

BMI is the common acronym given to Body Mass Index

Definitions:

1. The Body Mass Index is a number calculated from your weight and height that
roughly correlates to the percentage of your total weight that comes from fat, as
opposed to muscle, bone or organ.’

2. The body mass index (BMI), or Quetelet index, is a statistical measure of the
weight of a person scaled according to height. Body mass index is defined as the
individual's body weight divided by the square of their height.?

If an individual's BMI is high this therefore means that they have a high percentage of fat
in their body. According to scientists a person with a BMI under 18.5 is considered to be
an underweight person. A person with a BMI ranging from 18.6-24.9 is a person with
normal weight. A person whose BMI is between 25-34 is considered to be overweight
and one whose BMI is over 35 is an obese person.

Unfortunately BMI is not a true reflection of your total body fat and this is one of the
disadvantages of my investigation. BM| allows professionals to discuss over and
underweight problems with their patients but is not relied upon for medical diagnosis
because there are certain factors that influence whether or not your BMl is a true
reflection of your total body fat.

The following is a BMI chart which shows a range of weights and heights with their
corresponding BMI readings. The blue shaded area of the chart is a BMi that is
considered to be underweight; the green shaded area is considered to be

! http:/rww. wisegeek.com/what-is-bmi. htmi
% AEknoyan, Garabed (Jan 2008). “Adoiphe Quetelet (1796-1874)—the average man and indices
of obesity”. Nephrof Dial. Transplant. 23 (1): 47-57. doi:10.1093/nd¥gfm517.PMID 17890752,
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More about BMI

Adults whose BMI is between 18.5 and 22.9 have a low risk of developing heart disease
and other health related problems such as diabetes. Those with a BMI between 23 and
27.4 are at moderate risk while those with a BMI of 27.5 and above are at risk of heart
disease and other health related problems.’

BM! and heart disease are linked together in the sense that if you have a high BM| and
are considered to be overweight, there is a high percentage chance of you getting some
types of heart disease. This is not the case in all people because Lance Armstrong’s
BMI 22.8 (he is 5'11" and 165 Ib) (180cm and 74kilo).* Your eyes can tell you that he is
not overweight even though he was classified to be overweight by his BMI number.
Although he did have cancer and | found that there is some evidence that BM] has been
linked to cancer in some small populations.

Types of Heart disease linked with BMI

These heart diseases are linked to individuals with high BMI readings (those who are
considered to be overweight).

o ‘Atherosclerosis- The major underiying cause of cardiovascular disease has been
associated with atherosclerosis. This is the buildup of fatty deposits within the
walls of arteries that restricts the flow of blood.

s Angina- Arteries that supply the heart with blood may become narrowed due to
atherosclerosis. This condition is called coronary artery disease.

o Heart Attack- If a blood clot in a narrowed artery blocks the flow of blood to the
part of the heart muscle, a heart attack occurs. The section of heart muscle that
does not receive the blood begins to die.

» Congestive Heart Failure- Prolonged high blood pressure, heart attack, and other
cardiovascular diseases can cause congestive heart failure. The heart muscles
may then lack the strength to keep blood circulating normally through the body.
Blood flow slows and is inadequate to supply the body's needs. Blood returning
to the heart is backed up, causing swelling. This is generally predominant in the
ankles and legs. Kidneys may not work properly. As a result, fluid may collect in
the lungs.” :

% http:/Avww.webmd.com/hypertension-high-blood-pressure/news/20031009/healthy-bmi-
prevents-high-blood-pressure.com

* "Doctors Expose BMI shortcomings ." Freerepublic.com. 3 October 2008

<http:/~ww. freerepublic.com/focus/f-news/1686387/posis>,

5 "Types of Heart Disease, Atherosclerosis, Angina, Heart Aftack, Congestive Heart Failure.”
Holsticonline.com. 3 October 2008 <http://iwww.holisticonline.com/remedies/Heart/heart _types-of-
heart-disease.him>,




Looking back at the idea that Your BMI is not a true reflection of your total body fat; | can
use this as an example. Muscle is much denser than fat and also happens to occupy
less space than fat does. Therefore a more muscled individual may have the same
weight than a same sized overweight individual. This basically means that two
individuals with the exactly identical BMI might have widely different percentages of fat in
their bodies. Due to this limitations of BMI body composition for all athletes is often
better calculated using measures of body fat as determined by such techniques as
underwater weighing. It is also possible to use an immersion tank because fat is more
buoyant than muscle. This therefore means that two same weight individuals will float at
different levels if they have different percentages of fat in their respective bodies.
Buoyancy is the ability of an object to float in a liquid, such as water.

The females typically carry more subcutaneous fat than the males. This fat is particularly
spread around the beast and hips of the female body which means that the percentage
of fat in their bodies may be higher without it always being reflected in their BM! or
having any harmfui health effects. On the other hand exiremely low body fat which may
not necessarily reflected in a BMI reading, depending on the person’s musculature, may
have some health hazards as well. This is because the human body needs store of fat.
This fat is converted into energy when needed so as to keep us alive and breathing. if fat
quantities are low, our bodies begin to consume the muscle mass so as to provide the
extra energy needed. This explains why some athletes who over train may find
themselves losing strength as opposed to their main goal which was to gain strength.
BMI in approximation is a useful tool for us to evaluate whether we need to loose, gain
or maintain our current weight. °

Some positive factors of BMI

4 BMI is an indication for us to determine whether we need to loose, gain or
maintain our current weight

BMI is pretty simple for anyone to calculate and is also not time consuming
BMI caiculation is cheap because there is no expensive equipment used

BMI has been used by the WHO as the standard for recording obesity statistics
since the early 1980s

BMI is used differently in children which allows for comparison with children of
the same sex and age

#

§ http:/iwww.who.int/bmifindex jsp?intropage=intro_3.com /



Some negative factors of BMI

BMI is dependent only upon net weight and height

BMI makes simple assumptions about the distribution of muscle and bone mass
BMI cannot be used in medical diagnosis

A healthy individual may be classified as an overweight person using BMI due to
the muscle mass in their body. E.g. Lance Armstrong when he was a competitor
in the 1993 Tour de France

BMI does not take into account other factors such as frame size and muscularity
BMI is not a true percentage of body fat

Lol ol S
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The human heart.”

The human heart pumps the blood into a system of arteries which branch into arterioles.
Deep within the tissues the arterioles branch into capillaries where exchange of
materials between blood and cells take place. From these capillaries, blood is collected
up into a series of venules which then go up to form veins where the blood returns to the
heart.

The heart goes through contraction (systole) as well as relaxation (diastole) rhythmically
throughout our lives. In the course of a normal human life span the heart beats slightly
over 2.5 * 10° times, pumping a total over 1.5 * 10° liters of blood from each of the two
ventricles.

The rate at which the blood flows through the heart varies according to the body’s need
for the supply of oxygen and glucose, and for a need to remove metabolic products. The
total volume of blood that is expelled from the heart per minute is known as cardiac
output. Cardiac output is influenced by a few physical factors some of which include:-

#% Rate of pumping ~ In the circulatory system, this rate is known as the heart rate
which is the rate at which the blood is pumped by the heart. The higher the rate
the higher the arterial pressure assuming that the stroke volume is the same.

# The volume of the blood — This is the amount of blood that is currently present in
the body. The more blood in the body the higher the rate of blood return to the
heart and the resulting cardiac output.

= Viscosity or thickness of the blood — If the blood at one point gets thicker then the
result will be an increase in arterial pressure. Red blood cell concentration

~ increases the viscosity and this is the reason why anemic people have low blood
pressure.

When at rest the cardiac output is approximately 5 litres min’”

What is Blood Pressure?®

Blood pressure is the term given to describe the pressure in the aorta and other major
arteries in the human body. It is normally highest when the ventricles contract which is
the systolic pressure and is at its lowest when the ventricles relax which is known as the
diastolic pressure.

Blood pressure is often if not all the time measured in the brachial artery in the arm using
a sphygmomanometer, a stethoscope, and a blood pressure cuff. A sphygmomanometer
is an inflatable arm band connected to a manometer. The cuff is placed around the
upper arm and filled with air. This tightening effect is used to stop the blood from flowing

p
7 http://mww.medphys.ucl.ac.uk/heart.com /
% hitp:/fwww.medphys.ucl.ac. uk!teachinglundergradlprojectleOOBlgroup{_ 03/whydet.com

/
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through the brachial artery of the arm. The stethoscope is placed over the artery in front
of the elbow and the pressure in the cuff is slowly released. No sound is heard until the
cuff pressure falls below the systolic pressure in the artery, at this point, a pulse is heard.

As the cuff pressure continues to fall slowly, the pulse continues, first becoming louder,
then dull and muffled. These sounds are called Korotkoff socunds. They are caused by
the disturbance of the blood flowing through the vessel. The cuff pressure at the point at
which the first scunds are heard, is defined as the systolic blood pressure. The cuff
pressure at the point at which the sounds stop, is defined as the diastolic blood
pressure. Any factor that increases resistance of the vessels fo the flow of blood or that
affects the amount of blood pumped by the heart will change the blood pressure.
Therefore, the blood pressure reading is usually taken when the person is resting.
Systolic blood pressure describes the pressure that is found in the arteries that carries
blood away from the heart at its highest point. Diastolic blood pressure describes the
pressure in the arterial system at its lowest point.

Blood is carried from the heart to all parts of your body in vessels called arteries. Blood
pressure is the force of the blood that pushes against the walls of the arteries. Every
single time that the heart beats (about 60-70 times a minute at rest); it pumps out blood
into the arteries. Yourblood pressure is at its highest when the heart beats, pumping the
blood. This is called systolic pressure. When the heart is at rest, between beats, your
blood pressure falls. This is the diastolic pressure.

A rise in blood pressure basically means that the heart is overworking and this really
outs a major strain on the circulatory system. A fall in blood pressure can affect the
functioning of some organs in the body such as the kidneys and this can be fatal. This is
why it is crucial for blood pressure if possible be kept constant and within normal limits.

Blood pressure is always given as these two numbers, the systolic and diastolic
pressures with both numbers being equally important. Usually they are written one
above or before the other, such as 120/80 mmHg. The top number is the systolic (the
contraction) and the bottom the diastolic (relaxation). When the two measurements are
written down, the systolic pressure is the first or top number, and the diastolic pressure
is the second or bottom number (for example, 120/80). This blood pressure is read as
120 over 80.Blood pressure changes constantly during the day. It is at its lowest when
you are asleep and rises when you get up. It also can rise when you are excited,
nervous, or active.

°Still, for most of your waking hours, your biood pressure stays prefty much the same
when you are sitting or standing still. That level should be lower than 120/80. When the
level stays high, 140/90 or higher, you have high blood pressure. With high blood
pressure, the heart works harder, your arteries take a beating, and your chances of a
stroke, heart attack, and kidney problems are greater.

? http:/iwww. highbloodpressure.about.com/od/highbloodpressuret01/a/sympart.com
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What causes it?

In many people with high blood pressure, a single specific cause is not known. This is
called essential or primary high blood pressure. Research is continuing to find causes.
In some people, high blood pressure is the result of another medical problem or
medication. When the cause is known, this is called secondary high blood pressure.
There are some factors that are known to be correlated with high biood pressure. Some
of which are:-

+ Bad diet - consuming fatty foods, excess salt and so on
4 Diseases such as diabetes

4 Excess consumption of drugs or alcohol

= Obesity or excess weight and so forth

4 Stress from work or anywhere else

What is high blood pressure?

A blood pressure of 140/90 or higher is considered to be high blood pressure. Both
numbers are important. If one or both numbers are usually high, you have high blood
pressure. If you are being treated for high blood pressure, you still have high blood
pressure even if you have repeated readings in the normal range.

There are two levels of high blood pressure: Stage 1 and Stage 2

Category Systolic Diastolic
(Top number) {Bottom number)
lNormaI !Less than 120 li_ess than 80
| Prehypertension I 120-139 i 80-89
| | |
iHigh Biood Pressure ]Systolic 1Diasto§ic
|Stage 1 1140-159 190-99
{Stage 2 !160 or higher 1100 or higher

(*starlit*:Health consequences of Anorexia and Bulimia and BMI calculations (part 3))

Low arterial pressure

In some circumstances people also do experience low arterial pressure and this is
known as orthostatic hypotension. It can happen when someone who was sitting stands
up dramatically. Gravity reduces the rate at which the blood returning from the body via
the veins beneath the heart thus reduces stroke volume as well as cardiac output.

13



Other causes of low arterial pressure include:

-Hemorrhage — blood loss

-Toxins including toxic doses of blood pressure medicine

-Hormonal abnormalities such as Addison’s disease

-Anorexia nervosa and bulimia nervosa. Anorexia if sever can also be the cause of some
health problems which include:

- abnormally low heart rate, and risk for heart failure due to weakened muscles in the
heart

- Reduction of bone density (osteoporosis)

- Muscle loss and weakness

- Severe dehydration, which can result in kidney failure

- Fainting, fatigue, and overall weakness

- Dry hair and skin, hair loss

- Growth of a downy layer of hair called lanugos all over the body, including the face, in
an effort to keep the body warm.
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METHODS

Methodoloqgy

This is the way | carried out my practical work of the investigation.

= (Gather up a sample of at least 30 of my peers from the ages 16 — 19 whether
male or female

=% Set up cross trainer to same pressure

+ Measure the teenagers’ weight and height in order to calculate their BMI

+# Take their blood pressure reading before doing the exercise

% Before doing the exercise check using the cross frainer that the person is at rest
and their heart is not already beating fast to make it a fair test

% If their pulse is between 60 and 70 then you can begin the exercise. If not then
wait for the person to be calm and if the reading is till not 60 — 70 do not use that
individual.

# The exercise involves the individual getting on it and pushing the pedals on it as
if one were riding a bicycle whilst standing

=+ Get the teenagers one by one to run on the cross trainer for a distance of 200
metres

4 Take their blood pressure reading after doing the exercise

= Calculate their BMls and record them in your results table

= Plot scatter graphs

=% Test Hypothesis using Pearson coefficient test

Hypothesis

1. BMI influences blood pressure.
Variables

4 [ndependent variables: - Body Mass Index (BMI), height, weight
+ [Dependent variables:- blood pressure, pulse
# Controlled variables:- type of exercise, length of exercise

The controlled variables will be kept constant by using the cross trainer so that the same
amount of pressure applied to it is already set and this will make it a fair test rather than
having people run a sprint. The cross trainer will make it easier for the individuals to run
at a constant speed as opposed to determining the speed without the machine. This will
try and make the results come from comparing the change in blood pressure after with
the BMI rather than the amount of force put in the exercise.
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RAW DATA

RESULTS

Results Table showing the sample of individuals with their corresponding
blood pressures before and after exercise

Individual no. Blood Pressure Blood Pressure
before (mm/Hg) after(mm/Hg)

1 120/80 123/83
2 124/82 129/87
3 124/80 127/83
4 121/82 127/87
5 120/83 123/83
6 122181 126/86
7 119/80 122/84
8 120/80 122182
g 113/78 117181
10 120/83 125/82
11 122181 127184
12 120/80 125/80
13 115175 119/80
14 120/80 124/85
15 124/82 129/82
16 124/80 127/88
17 - 121/82 124/82
_ 126/85 136/94
19 120/83 126/87
20 119/80 123/79
21 120/83 124/85
22 115/75 119/80
23 118/78 121/79
128/87 139/06

25 121/82 128/90
26 120/83 127/89
27 121/81 125/88
28 120/80 124/84
29 124/82 128/88
30 124/80 132/88

16



PROCESSSED DATA

Results Table showing the sample of individuals with their corresponding
heights and weights with their BMIs

Individual no. Height (m) Weight (kg) BMI"®
+0.1 cm +0. 05 kg

1 1.56 45.56 19.21
2 1.60 55.45 21.66
3 1.80 67.78 20.92
4 1.83 75.54 22.56
5 1.56 48.77 19.22
6 1.78 66.13 20.87
7 1.66 56.65 20.56
8 1.67 53.28 19.10
9 1.75 53.46 17.46
10 1.65 52.52 19.29
11 1.57 55.89 22.67
12 1.76 5576 18.00
13 1.66 48.32 17.54
14 1.56 48.87 19.26
15 1.72 56.98 19.26
16 1.63 54.67 20.58
17 1.71 57.87 19.79
1.66 76.89 27.90

19 1.65 62.12 22.82
20 1.65 47.98 17.63
21 1.79 65.45 20.43
22 1.83 48.63 14.52
23 1.68 41.75 16.72
1.56 78.64 32.31

25 1.55 55.73 23.20
26 1.55 58.96 24 .54
27 1.76 67.42 21.77
28 1.66 54.54 19.79
29 1.65 54.87 20.15
30 1.75 74.85 24.44

"% BMI calculation = weight(kg)/ height*(m)
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ANALYSIS AND EVALUATION

Pearson correlation coefficient (r) test

| decided to do a Pearson correlation coefficient test to test for a correlation between
blood pressure after exercise and Body Mass index (BMI). My scatter graphs do suggest
that there could be a correlation because there is an increasing gradient in the two
graphs for both data. | used an excel spreadsheet which worked out the r values for both

systole and diastole readings after exercise. The correlation is between the BMI and k 7 S
J

systole reading and BMI and diastole reading separately.

[
Hypothesis #2 WM
There is no correlation between BMI and Blood Pressure Vj\" Wﬂ
Before exercise / After exerc;se WM
Pearson correlation Systole Diastole /] Systole Diastole
coefficient test I e

——. ] __—::-*"‘«—-._,“_N

F= ~0.74 0.78 0.89 091/

Looking at these sets of datmn‘aﬂ*caseﬁheyafegreateﬂh“a‘ﬁ”ﬁ which
suggests that there is a good positive correlation between BMI and Blood Pressure after
exercise. This is according to the types of correlation and their associated Pearson's
rank co-efficient. Although this is the case | will not draw to quick co ‘/c; sions because
there are other variables that could be affecting the blood pressuresy| will therefore
agree with my first hypothesis and reject this second one because all the co-efficients
are more than 0.7.

The graphs that | have are both scatter graphs. Generally if you take a look at it you can
see that they both have positive gradients. The graph after the exercise has a slightly
steeper gradient than the one before the exercise. Although because of the moderate
positive correlation in both scatter diagrams it implies that blood pressure being the
dependent variable is dependent on BMI which is the independent variable in the
diagram. However this is not true because it may not be a causal relationship. In other
words BMI is not the cause in the significant increase in blood pressure. It is but a mere
factor which contributes in to the increase in the blood pressure. There are many other
factors that do contribute to high biood pressure as | mentioned earlier. BMI is also not a
true percentage of your body fat and therefore | cannot use it to say that it does
influence biood pressure after exercise because | don’t know the person’s true
percentage of body fat.

The tables of results that | drew show the individuals with their respective blood
pressures before and after the exercise. All the individual's blood pressures did increase
after the exercise which was expected but | did notice something. Even before the
exercise, after | had taken the blood pressures, the individuals with lower BMIs aiso had
lower blood pressures. The individuals with higher BMIs also had higher blood
pressures. This could be a reflection on the relationship between the two factors; BMI

e 20
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and blood pressure overlooking that there could be other reasons for this observation.
The reason could be that high blood pressures could be hereditary in some cases or it
could even be the dietary of the individuals. Those with high salt intake in their diets
could be the ones with the higher blood pressures and the ones with the low salt intake
could be the ones with the lower blood pressures. The individuals with high saturated
fatty foods in their diets could also be the same ones with higher biood pressures than
the ones with lower blood pressures. Other variables are the person’s smoking status
but | made this a fair test as my whole sample size was non-smokers. This should be
something that | should not overlock next time. If and when | do this experiment a
second time | must check my samples’ dietary habits to find out how much salt they use

in their diets and how much fatty foods they eat. Another possible reason for the higher
blood pressures could be because the individual’s heart is working harder than normal

due to the person’s relaxed lifestyle. This is something that | shouldn’t overlook next /
time. | should beforehand inquire about my samples’ lifestyle such as how often they
exercise and also whether they are smokers or non smokers, etc. | think that the way |
managed to control the exercise with the cross trainer to make it a fair test is a positive
evaluation. Another modification that | should pay attention to is the sample size of the /
experiment. Although | had 30 samples which was a good thing, | only did the trial once.

If | wanted to suggest anything from my hypothesis | would not be able to say that | am
confident due to the relatively smail number of trials. My method of picking the samples

was not systematic or random; | basically just rounded up a bunch of my friends which in
my opinion is biast and therefore not a fair test. Next time | should come up with a better
method of choosing my samples, i.e.; Systematic random sampling. | could probably get
the total number of students in school and pick the tenth person each time until | get my
desired sample number. This would be a more practicable solution and fair test as well.
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CONCLUSIONS

BM! is only one of the factors that influence bio nd-pressuie as | have said before and so
gfore and after

only due to muscle and not fat. This is the case/in Lance Armstrong. In this case this f
becomes an error in my results because | woud think that the higher the BMI the higher
the blood pressure. My results suggest then’ hat my second hypothesis is wrong and |

have rejected it because as when | look at’f y scatter diagrams | see that as BM|

increases, so does blood pressure. Alsoffom the Pearson’s correlation co-efficient | see
that there is a good positive correlation hetween BMI and blood pressure. Lastly BMI
cannot be relied on for someone to know whether they are healthy or not as BMI does

not give true percentage of body fat. BRI on the other hand is useful for people to know
whether they need to loose weight of /add it and basically to just keep track of their

eating habits. /

v
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RAW DATA

APPENDIX

Results Table showing the sample of individuals with their corresponding

heights and weights

Individual no. Height (m) Weight (kg)
+0.1cm 0. 05 kg

1 1.56 45.56
2 1.60 55.45
3 1.80 67.78
4 1.83 75.54
5 1.56 46.77
6 1.78 66.13
7 1.66 56.65
8 1.67 53.28
9 1.75 53.46
10 1.65 52.52
11 1.57 55.89
12 1.76 55.76
13 1.66 48.32
14 1.66 48.87
15 1.72 56.98
16 1.63 54.67
17 1.71 57.87
1.66 76.89

19 1.65 62.12
20 1.65 47.98
21 1.79 65.45
22 1.83 48.63
23 1.58 41.75
1.56 78.64

25 1.55 55.73
26 1.55 58.96
27 1.76 67.42
28 1.66 54.54
29 1.65 54.87
30 1.75 74.85
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