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Heart rate as an indicator of exercise intensity 
 

Heart rate is a good indicator of exercise intensity. The harder a horse works, the more 
the muscles contract and the more energy in the form of ATP is used. The more ATP is 
used the more energy must be provided either from the anaerobic (without oxygen) 
breakdown of glycogen to produce lactic acid or by the breakdown of glycogen or fats 
with oxygen in mitochondria (aerobic metabolism).  
 
The harder a horse works, the more oxygen its muscles use. The more oxygen that is 
required at the muscles, the faster the heart must pump blood around the body in 
order to deliver sufficient oxygen. Blood pumped through the lungs picks up oxygen 
from air breathed in. This blood then returns to the heart and is pumped to the 
muscles in arteries. Oxygen consumption (use) (VO2) by the muscles and heart rate 
both increase together with increasing intensity of exercise.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Heart rate and oxygen consumption by the muscles both increase linearly initially (see 
Figure above). That is if the rate of oxygen usage doubles, the heart rate must also 
double. However, a point is reached where neither can increase further and a plateau 
or maximum rate is reached. The maximum heart rate is reached just before the 
speed at which maximum oxygen uptake is reached. This is normally when the horse 
is almost at its maximum pace. The horse can still run even faster when it has reached 
its’ maximum oxygen uptake, but beyond this all the additional energy required must 
come from anaerobic metabolism with the production of lactic acid.  
 
In simple terms, the faster a horse runs or the harder it works (remembering that 
trotting uphill in sand in hot weather could be equally as physically demanding as a fast 
canter on level ground in cool weather) the higher its heart rate will be.  
 
 
How do we work out how hard a horse is exercising? 
There are two practical ways we can try to assess how hard a horse is exercising under 
field conditions and these both involve using heart rate (expressed as beats per minute 
or bpm for short). In the first example we simply use a heart rate monitor and we can 
judge the exercise intensity based on how high the heart rate is. For example: 
 

Heart rate Activity 

30-40 bpm Rest 

40-80 bpm Low-intensity exercise e.g. walking 

80-120 bpm Low-medium intensity exercise e.g. trotting 

120-160 bpm Medium-intensity exercise e.g. canter 

160-200 bpm Medium-High intensity exercise e.g. fast canter 
200-240 bpm High intensity exercise e.g. galloping 

 
In general terms this works quite well but there is one limitation. As a horse gets older 
its maximum heart rate decreases (the same happens in people as well). So whilst a 2 
year-old horse might have a maximum heart rate of 230 bpm, a similar 
breed/sex/weight horse 20 years older may only have a maximum heart rate of 210 
bpm. Let’s try and explain why this is important when it comes to exercise. 
 
 
 
 
 
 



 
If we exercise a younger horse (maximum heart rate 230bpm) and an older horse 
(maximum heart rate 210 bpm) together and they are galloping side-by-side, then we 
can say that they are both working at the same absolute exercise intensity. They are 
both doing the same amount of work in physics terms. When we measure the heart 
rate of each horse during the exercise, we also find these are similar at around 210 
bpm. Can we conclude the horses are working as hard as each other? In absolute 
terms, yes we can. They are both doing the same thing. However, in terms of relative 
exercise intensity, the older horse is working harder. Why? 
 
The older horse has a maximum of 210 and when we measure his heart rate during the 
gallop we find he is working at 210 bpm, his maximum. Therefore we can express his 
relative exercise intensity as a % of his maximum heart rate or %HRmax for short: 
 
Relative exercise intensity (%) = heart rate during exercise / maximum heart rate x 100 
 
Older Horse 
= 210 bpm / 210 bpm x 100 
= 100% maximum heart rate (%HRmax) 
 
We can now make the same calculation for the younger horse: 
 
Relative exercise intensity (%) = heart rate during exercise / maximum heart rate x 100 
 
Younger Horse 
= 210 bpm / 230 bpm x 100 
= 91% maximum heart rate (%HRmax) 
 
So what we find is that although both horses are doing exactly the same exercise at 
the same heart rate, in terms of the relative exercise intensity the older horse is 
working harder than the younger horse.  
 
 
 
 
 
 
 
 
 
 



 
Another way to think of absolute and relative intensity is to think of a car. The speed 
is what the car is actually doing but the rev counter tells you how hard the engine has 
to work to run the car at this speed.  
 

The rev counter in a horse is the heart rate which we can measure with a 
heart rate monitor. 
 
 
 

    
 
 
 
 
 
 
 

                   
 
 

Differences in relative exercise intensity, even when measured heart rate responses 
between two horses may be similar can also occur due to difference in breed, 
athletic (genetic ability), health and fitness. 
 

 

 
 

 
 

 
 



Exercise intensity based on % of maximum heart rate 
The table below gives the approximate relative intensities for different values of 
%HRmax in horses. The actual heart rate values that could reasonably be expected for a 
10 year-old sport horse are also shown. The actual values for any horse will depend on 
factors such as fitness, health and ability. 

 
 

Approximate heart rate for a 10 year-old sport horse 
 

 
Relative exercise intensity (%HRmax) 

 
Actual heart rate (bpm) 

 

<50 below 110 bpm 

50-65 110-143 bpm 

65-80 143-176 bpm 

80-95 176-198 bpm 

95-100 198-220 bpm 

  
How do we measure maximum heart rate? 
There are two ways we can try to work out a horses’ maximum heart rate. The first is 
to perform an incremental exercise test either on a high speed treadmill or in the field. 
This involved exercising the horse, following an appropriate warm-up, at 5-6 different 
speeds from trot, through canter and up to maximal gallop. Each speed needs to be 
maintained for around 2 minutes for the heart rate to stabilise. When a horse first 
increases speed the heart rate takes a while to catch up and continues to climb for 
around a minute. 
 
This type of test is most readily carried out on a treadmill as this gives a greater degree 
of control. To do this under field conditions an oval track of at least ½ mile around is 
required. The horse is then ridden for perhaps 1 lap at trot, two laps at slow-canter, 3 
laps at medium-canter, 3 or 4 laps at fast canter and 4 laps at gallop. This type of test 
involves working horses quite hard and is not advisable unless you have good facilities 
and the horse has been galloping for several weeks. 
 
An easier way to get an estimate of HRmax rather than measure it is to use the following 
equation: 
 
HRmax (bpm) = 220 (bpm) – age (in years) 
 
This is the same as the equation that is used to estimate HRmax in people as was 
validated for horses in a scientific study (Vincent et al. 2006). 
(http://www.ncbi.nlm.nih.gov/pubmed/?term=marlin+deaton+mckeever).  

http://www.ncbi.nlm.nih.gov/pubmed/?term=marlin+deaton+mckeever


Some limitations in using heart rate in horses that you should be aware of 
 
(1) Excitement 
If a horse is excited his heart rate may be increased above the level that is actually 
required for the exercise he is doing. This is most common when the heart rate is 
below around 160-170bpm. Thus, in horses exercising at walk and trot, the heart rate 
in excitable horses does not always give a true reflection of how hard the horse is 
working. This is easy to spot with experience.  
 
The trace below shows some good examples of elevations in heart rate in a horse at 
trot. The horse is maintaining a good steady pace (green line) but the heart rate (red 
line) fluctuates up and down from as low as 124 bpm to as high as 161 bpm.    
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



In the trace below, when the horse moves into walk there is a large increase in heart 
rate which then settles down as the horse continues to walk. This is often observed in 
horses, even in ones that are not particularly excitable. 
 
 

 
 
 
 
Elevations in heart rate that are independent and appear unrelated to the intensity of 
exercise are also often most common in the early stages of exercise before a horse has 
been warmed-up. In excitable horses the heart rate may only be a reliable indicator 
when the horse is working at a fast-canter (i.e. exercise heart rates would be over 
170 bpm) or in the first minute recovery after a piece of fast exercise at canter or 
gallop.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



In the figure below, the heart rate drops quickly from the end of the canter (marked by 
the arrow) but after around 2 minutes there is a small increase of 15 bpm (circled). If 
the heart rate was measured at this point it could lead us to conclude that the horse 
had not recovered well. 
 
 

 
 
 
 
 
(2) Pain 
Heart rate is also elevated by pain. Of course veterinary surgeons use this when 
making clinical examinations of horses. A horse with signs of colic and a heart rate of 
80 bpm is probably in significant pain. Heart rate can also be elevated by horses with 
lameness or sometimes when there is pain but no obvious lameness. This can be 
used to the horse owner or trainers advantage, especially if you monitor heart rate 
regularly and get to know what to expect for different horses.  
 
If you warm your horse up for exercise you will soon begin to build-up a picture of 
what is normal for his heart rate. If the heart rate at walk is normally between 60 and 
70 bpm and you find that one day it is close to 90 bpm, this is a good indicator that 
there may be a problem. It could be that your horse has pain or it could be that he has 
some other illness, such as an infection. Whatever the case, this is an indication to stop 
riding, check for stones trapped in the foot or other obvious external injuries and look 
at the horse for lameness. If there is no obvious problem then it may be wise to take 
your horse back to his stable and take his temperature. A higher than normal heart 
rate during exercise is a warning sign that should not be ignored. 
 
  



(3) Dehydration 
A dehydrated horse will have a higher heart rate than a normally hydrated horse. 
The heart pumps a certain amount of blood into the arteries with every beat. The 
muscles need blood flowing through them at a particular rate in order that they can 
have enough oxygen. If required rate of blood flow is 50 litres per minute and the 
heart can pump one litre with each beat (known as stroke volume), then we can see 
the heart would need to beat at around 50 bpm:  
 
50 bpm x 1 litre = 50 litres/minute 
 
The volume of blood being pumped each minute is known as the cardiac output 
(litres/minute). However, if the horse became dehydrated then the volume of blood in 
the circulation would be decreased. This in turn would mean that the amount the 
heart could pump with each beat would be decreased.  
 
If the amount of blood being pumped with each beat decreased to only 0.5 litres, the 
horse would still need blood flowing around the body at 50 litres/minute, so the only 
way to now achieve this would be for the heart to pump twice as fast:  
 
100 bpm x 0.5 litres = 50 litres/minute  
 
This is a slightly exaggerated example but it’s one that makes it easy to understand 
why dehydrated horses have higher heart rates at rest and during exercise compared 
with when they are fully hydrated. In reality, a normally hydrated horse might have a 
heart rate of 170bpm during canter and with 3-5% dehydration the heart rate may be 
10-15bpm higher. 
 
 
(4) Heat 
Exercising in the heat may cause your horses’ heart rate to be higher than if the horse 
was exercising in cooler conditions. For example, if you school your horse in the 
morning the heart rate may only be between 80 and 120 bpm, but the same schooling 
in the middle of the day in summer may cause the heart rates to be between 90 and 
130 bpm. Heat can also cause the horses’ heart rate to drift upwards over time. This is 
known as cardiac drift. So if you start trotting on a warm day at a heart rate of 110 
bpm, you may find that 30 minutes later the heart rate has drifted up to 120 bpm.  
 
 
 
 
 



(5) Abnormalities in heart rhythm - Arrhythmias 
Horses can sometimes develop abnormalities of heart rhythm where the heart does 
not beat regularly and these can be difficult for heart rate monitors to accurately 
calculate the true heart rate. If you are having problems getting a reliable heart rate 
recording from a horse, especially one in which you have previously managed to get 
good recordings and if the heart rate monitor works on other horses without 
problems, it is worth finding a stethoscope and listening to the heart or feeling for a 
pulse to see if the rhythm is regular. In fit horses when they are relaxed in their stable, 
below heart rates of around 30 bpm horses do sometimes miss or “drop” beats. The 
rhythm is essentially normal except that there is sometimes a long pause between 
beats every 3-4 beats where one beat is missed or dropped: 
 
Without missed beats: Beat  Beat  Beat  Beat Beat Beat Beat Beat Beat   Beat 
 
With missed beats:      Beat  Beat  Beat   Beat Beat Beat  Beat 
 
This is perfectly normal and the veterinary name for this is 2nd degree atrio-ventricular 
or 2nd degree A-V block. If the rate is very low because of 2nd degree A-V block then the 
heart rate monitor may struggle to measure this. If you don’t believe the rhythm is 
regular, with the exception of dropped beats described above, then you should seek 
veterinary advice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Key Points 
 

 Heart rate is a good indicator of exercise intensity. 
 

 The maximum heart rate is reached just before the speed at which maximum 
oxygen uptake is reached. This is normally when the horse is almost at its 
maximum pace. 

 

 As a horse gets older its maximum heart rate decreases. 
 

 A younger and older horse working at the same heart rate are not necessarily 
working as hard as each other. 

 

 A more accurate way to compare two horses is to look at % of maximum heart 
rate as opposed to absolute heart rate. 

 

 In a car the speed is what the car is actually doing but the rev counter tells you 
how hard the engine has to work to run the car at this speed.  

 

 The rev counter in a horse is the heart rate which we can measure 
with a heart rate monitor. 

 
 To work out a horses’ maximum heart rate we need to gallop. 

 Excitement, pain, dehydration, heat and abnormalities in rhythm can mean 
that the heart rate is not as reliable. 

 


