
FACT FILES
Sports Science

A2 LEVEL

Subject content link:

A2 Unit 2: The Application of Science to 
Sports Performance
• The Cardiovascular System 
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Students should be able to: 
• describe the structure of the heart and the 

transport of blood in the vascular system;
• explain and evaluate heart rate, blood pressure, 

stroke volume and cardiac output and the effect 
exercise has on these;

• explain and evaluate the process of the cardiac 
cycle at rest and during exercise;

• examine and justify vasoconstriction and 
vasodilation;

• compare a trained and untrained heart and the 
effects they have on exercise;

Course Content

Structure of the heart  

The cardiac cycle is one full heart beat. It is accomplished in 
4 distinct stages which work together in controlled rhythm. 
Diastole is when the chambers relax to allow them to fill 
with blood and systole is the contraction of the chambers. 
When the heart is at rest the systole phase takes around 0.3 
seconds and the diastole phase around 0.5 seconds.

Cardiac Cycle

Atrial diastole -  the upper chambers of the heart fill with 
blood returning from the body and the lungs.

Ventricular diastole – pressure forces the blood through 
the atrioventricular valves into the ventricles which are 
relaxed while they fill up with blood from the atria.

Atrial systole – the chambers contract pushing the 
remaining blood into the ventricles via the atrio-ventricular 
valves.

Ventricular systole – once filled pressure overcomes the 
semi-lunar valves to the aorta and pulmonary artery, and 
the ventricles contract pushing the blood out causing the 
valves to snap shut.

Above is an example of an electrocardiogram (ECG) of a 
single heart beat.

Unit A2 2 : The Application of Science to Sports Performance
The Cardiovascular System

Learning Outcomes
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P wave: start of atrial contraction.
QRS Complex: start of ventricular contraction/systole.
T wave: repolarisation of the ventricles/systoles prior to 
ventricular relaxation/diastole.

During exercise the heart rate will increase and the heart 
chambers take in more blood as there is more returning to 
the heart. Greater filling of the ventricles causes a stronger 
contraction of the ventricle walls due to their elastic 
properties. This is Starling’s Law of the heart which states 
that ‘the greater the stretch of the ventricle walls due to 
higher blood volume the stronger the contraction will 
be.’  This subsequently leads to a greater ejection fraction, 
which is the percentage of blood within the ventricle 
which is actually ejected. The stronger contraction results 
in a greater stroke volume, which is the volume of blood 
pumped out of the left ventricle in one beat. Cardiac 
Output is a product of heart rate and stroke volume and 
thus increases during exercise. Systolic blood pressure 
increases as the greater volume of blood pumped out of the 
heart exerts more pressure on the walls of the aorta.

Control of heart rate

The heart is myogenic which means it creates its own 
electrical impulse so it can beat. The sino-atrial (SA) node 
or pacemaker is responsible for initiating this impulse. The 
SA node first sends an impulse which spreads throughout 
the atria making them contract. This impulse reaches the 
atrioventricular node which after a 0.1 second delay to 
allow filling of the ventricles, sends the impulse down the 
septum between the ventricles via the bundle of His and 
throughout the ventricular walls via the purkinje fibres. The 
ventricles then fully contract.

The heart rate is controlled by the cardiac control centre 
(CCC) in the medulla oblongata. Impulses are sent to the 
sinoatrial node (pacemaker) stimulating the heart to beat 
faster or slower. The sympathetic nerve pathway stimulates 
the heart rate to speed up, while the parasympathetic 

pathway slows it down. This CCC speeds up or slows down 
heart rate due to both neural and hormonal factors causing 
signals to arrive at the CCC from the body.

Neural 
Chemoreceptors –  detect changes in levels of carbon 
dioxide and oxygen in the blood, as well as accompanying 
rise in acidity levels and decreased pH.
Baroreceptors –  stretch receptors in the aorta and other 
major arteries detect a greater stretch of the artery walls 
due to the greater volume of blood being pumped out of 
the heart.
Proprioceptors – detect movement of limbs and 
contraction of muscles with exercise.

Hormonal
Adrenaline and noradrenaline –  these are released 
during exercise and both have the effect of increasing heart 
rate.
Acetylcholine – this is released by the parasympathetic 
nerve to slow heart rate down.
Other factors - temperature, age, gender.

Transport of blood
Blood is transported throughout the body via a network 
of vessels called arteries, veins and capillaries. The heart 
is a dual action pump which has two separate circulatory 
networks. Pulmonary circulation transports blood to and 
from the lungs, while systemic circulation transports blood 
to all other tissues of the body including the working 
muscles. The vessels that transport blood have different 
structures to suit their purpose.

Blood Flow

Arteries and arterioles  – transport blood away from 
the heart. They are thick and elastic with layers of smooth 

Bundle of HIS

SA node

AV node
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Vasoconstriction and vasodilation
The vasomotor centre stimulates blood vessels to 
vasoconstrict or vasodilate depending on the needs of 
the body. Baroreceptors in the aorta detect rises in blood 
pressure during exercise and send signals to the vasomotor 
centre constrict or allow blood flow to the areas where it is 
most needed.

Blood pressure

BP is measured as systolic pressure over diastolic 
pressure.   

A normal resting BP is approximately 120mmHg over 
80mmHg or 120
                          80

Blood Pressure is the pressure the blood exerts on the walls 
of the blood vessels. It is at its highest in the aorta when 
the ventricles contract and decreases the further the blood 
travels around the body. State of rest or exercise will have 
an effect on blood pressure. The resistance and friction that 
blood experiences depends on the following factors:

Blood vessel length – if the blood vessel is longer the 
blood experiences more resistance. 

muscle to allow vasoconstriction and vasodilation. This 
is under vasomotor control and is responsible for the 
redistribution of blood to areas of most need in the body. 
As the vessels get further away from the heart they branch 
out and become arterioles which are thinner and narrower 
in diameter.

Veins and venules – transport blood back to the heart. 
They are similar in structure to arteries and arterioles but 
are less elastic and do not have as much smooth muscle. As 
arteries get thinner and become arterioles the further they 
get from the heart, venules will become thicker and wider 
and become veins on the return journey to the heart. Veins 
have structures called pocket valves which prevent back 
flow, pooling and help venous return.

Capillaries – are responsible for the exchange of gases 
at the tissues and muscles. They are so small that only a 
single blood cell can squeeze through at a time and are thin 
enough for gases to pass through the walls into the tissues. 
Pre-capillary sphincters control the flow of blood cells 
through the capillaries.

CROSS SECTION OF AN ARTERY

Venous Return

The blood returning to the heart is helped by various 
mechanisms as it travels further from the heart and loses 
pressure and velocity. During exercise the following factors 
promote venous return:

Skeletal muscle pump – the working muscles squeeze 
the veins pushing the blood back towards the heart. Valves 
in the veins allow the blood to flow one way preventing 
backflow and pooling.
Respiratory pump – the changes of pressure in the 
thoracic cavity during respiration helps pump the blood 
back towards the heart.
Smooth muscle – layers of smooth muscle in the veins 
squeeze the blood in the right direction.

Pocket valves 
closed

Muscle pressure
on wall of vein

Blood forced through
pocket valve

Tunica Media

Internal Elastic 
Lamina

Tunica Externa

External Elastic 
Lamina

Tunica Intima

skeletal muscle

other organs

rest exercise

The Vacscular Shunt

©
 R

ay
ca

t/
iS

to
ck

/ T
hi

nk
st

oc
k.

co
m



Th
e 

A
p

p
lic

at
io

n 
of

 S
ci

en
ce

 to
 S

p
or

ts
 P

er
fo

rm
an

ce

4

Blood viscosity – this is the thickness of the blood 
and depends on red blood cell count, temperature and 
hydration. When we become dehydrated, the blood 
becomes more viscous and the heart has to work harder to 
maintain cardiac output.

Blood vessel diameter –  the diameter of blood vessels 
changes according to the bodies needs. During exercise 
the muscles need more oxygen so more blood is shunted 
to the working muscles and less to the other organs. This 
is called the vascular shunt and is under the control of the 
vasomotor centre.

The Effects of Exercise on the Cardiovascular System
The cardiovascular system of a trained athlete functions 
more efficiently due to a series of physiological adaptations. 
These adaptations lead to increases in VO2Max and lactate 
threshold resulting in improved performance.

Summary of Short and Long Term effects of 
Exercise on the Cardiovascular System.

Short Term 
(Responses)

Long Term 
(Responses)

Cardiac Effects

Release of adrenaline 
increases HR

Cardiac hypertrophy

Cardiac output increases Bradycardia

Increased end diastolic 
volume

Increased maximal 
cardiac output

Vascular Effects

Increase in blood 
pressure

Increased number of red 
blood cells

Vasodilation/
vasoconstriction redirect 

blood to areas of need

Increased 
vascularisation, 

especially in the density 
of capillaries

Increase in Venous 
return

Arterial wall thicker and 
stronger

Comparison of the Cardiac Output of a trained 
and untrained Athlete

Cardiac 
Function

Untrained Athlete Trained Athlete

Rest Maximal Rest Maximal

Stroke 
Volume (SV)

70ml 115ml 100ml 180ml

Heart Rate 
(HR)

72bpm 190bpm 50bpm 200bpm

Cardiac 
Output (CO)

5,000ml (5l)
22,000ml 

(22l)
5,000ml (5l)

35,000ml 
(35l)

*Approximate values, exact values will vary from one individual to another

Additional Work

Consider the table below and insert the information 
required:

• Using a Heart Rate Monitor complete a pulse raising 
activity as part of a warm-up.

• Continue to exercise for a set period of time and record 
information from the HRM on the table below.

• Complete a cool down and record HR for 1/2/3/4/ and 5 
minutes after finishing the main activity.

• Compare your results with other students in your group 
and discuss the changes in heart rate. 

Activity

Date

Environment

Resting HR (bpm)

Pre-Exercise (bpm)

EXERCISE HR (bpm) as 
applicable/suggestions 
below

Start

After 1 min

After 2 min

After 3 min

Halfway

At completion

RECOVERY HR (bpm) as 
applicable/suggestions 
below

1 min after stopping

2 min after stopping

3 min after stopping

4 min after stopping

5 min after stopping

Activities

blood pressure

arteries
arterioles

capillaries
venules

veins

blood velocity
during

exercise

blood vessel CSA

10.00 .060 .008 0.04 10.0

Mean diameter of vessels/mm
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