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What is lactate?

Lactate is a product of glucose 
metabolism and it is produced when 
the muscles use carbohydrates 
to create energy for exercise in a 
process called glycolysis. 
 
This happens continuously, even 
under resting conditions, but 
increases when energy demand 
is high over a longer period and 
availability of oxygen to the cells is 
limited. 
 
Increased glycolysis produces 
hydrogen ions and lactate, and it’s 
the hydrogen ions that cause acute 
pain, sore muscles, cramps and 
fatigue. The body protects itself by 
telling you: “I can’t do this anymore”.

1 What is lactate

Why measure lactate?

It is important to measure your 
lactate level if you wish to have 
an indication of performance 
development. Knowing your lactate 
level can help you determine your 
optimal training regime, especially 
in endurance sports. Lactate is 
measured in mmol/L.
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Studies on lactate testing in small animals

Authour Indication and comments

Troja et al 2018 Gastric dialtion volvulus 
 Correlation between lactae concentartion and dogs with 

confirmed GDV

Aona et al 2017 Gastric dialtion volvulus 
 Increased lacate levels assocaited with GDV and changes 

in ventricular diameter

McQuown et al 2018 Lymphoma 
 Increased lactate in dogs with confirmed lymphoma 

compared with controls

Robbins et al 2017 Fatigue 
 Increased lacate correlates with other parameters of 

fatigue in working dogs

Keyserling et al 2017 Abnormal thoracic radiographs 
 In dogs with abonormal thoracic xrays not associated 

with cardio/pulmonary diagnosis, increased lactae was 
assocaitged with increased morbidity

Castagnetti et al 2017 Post partum distress 
 Increased lacacte levels and inability to normalise lacate 

within 24 of birth was associated increased morbidity in 
puppies

Groppetti et al 2015 Post partum distress 
 Still born puppies have elevated amniotic fluid lacate 

levels compared with live births and lacate could be a 
predictor of post partum outcomes 

Fahey et al 2017 Cardiac effusion
 Elevated lacate levels above 5 mmol L-1 were assocaited 

with dogs with cardiac effusion

Bush et al 2016 Septic peritonitis 
 Increased lactate levels were associated with secondary 

septic peritonitis

Cortellini et al 2015 Septic peritonitis  
 Lactate concentration and lactate clearance were good 

prognostic indicators in dogs with septic peritonitis

2 Lactate testing 
 in veterinary applications

Lactate has long been used in human clinical practice as a diagnostic and 
prognostic aid in critically ill patients1. Lactate can be used in sepsis diagnosis 
and also aid in monitoring post-surgical morbidity, post-cardiac event 
morbidity, post-transplant morbidity and in assessing patients recovering 
from pneumonia.

Increasingly, lactate testing is being used in the veterinary clinic for prognosis 
and diagnosis in a number of clinical presentations2. Additionally, the 
availability of hand held lactate analysers and the demonstration that results 
from hand held lactate analysers have comparable results to laboratory-based 
lactate testing methods3 means that rapid, cost effective and near patient 
results are available as a prognostic and diagnostic tool for the veterinarian.

Lactate testing in small animals

Overall, whilst lactate is not diagnostic of 
any particular disease state when taken in 
isolation as a single reading, it is a useful 
tool in overall treatment decision making 
pathway and as a guide to morbidity and/
or the need to monitor more closely specific 
patients.

For example, a normal lactate value (approx. 
2.0 mmol l-1) in dogs is a far better predictor 
of survival than a high lactate value is of 
morbidity or death.

Lactate  is useful tool in 
treatment decision making

Did you 
know? 

Normal lactate levels are the 
same for both dogs and humans.  
Elevated lactate levels in clinical 
situations in both man and dogs 
indicates underlying pathology 
that requires further investigation.
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Authour Indication and comments

Gillespie at al 2017 NA 
 Normal lacate value is a better predictor of survival than a 

high lacate value is of death

Eichenberger et al Babesiosis 
2016 Increased levels of lactate are associated with increased 

chance of non-survival in confirmed cases of babesia 
infection

Bruchim et al 2016 Heat shock 
 Lacate is significantly elevated at 12 hours post 

presenation in non-surviving with heatstroke

Sharma &  Head trauma 
Holowaychuk 2015 Elevated lactae levels post-head trauma is a risk factor for 

non-survival

Proot et al 2015 Septic arthritis 
 Synovial fluid lactate concentration is significantly 

increased in septic arthritis and could help rule out this 
condition in a quick and cost-effective way

Ateca et al 2015 Hypotension 
 Blood lactate is negatively associated with systolic blood 

pressure and survival probability and may represent a 
useful prognosis in hypotensive dogs

Hall et al 2014 Trauma 
 Low lacate levels at admsiion were predictive of survival to 

discharge

Malek et al 2013 Post-cholecystectomy recovery 
 Elevated lacate post gall bladdre removal are assocaited 

with poor clinical outcomes

Volpato et al 2013 Pyometra 
 Lacate levels are increased in bitches with pyometra

Lactate testing in equine athletes

of the “switch” from aerobic to 
anaerobic metabolism and the ability 
to maintain steady state lactate levels 
at any given exercise intensity that is 
of interest in conditioning athletes, be 
they human or equine.

In order to determine optimum 
training regimes and fitness gains, 
set exercise tests (SETs) or step tests 
are used.  Typically, a SET consists 
of a baseline lactate reading (t = 0) 
and several lactate measurements 
over 10 – 40 minutes of either steady 
state exercise (eg treadmill running 
at a specific velocity) or increasing 
exercise intensity (eg treadmill 
running with increased velocity at set 

time points) followed by a recovery 
period.  The same SET is then 
performed after a period of training 
and the plots of the lactate levels are 
compared. 

Resting blood lactate concentration 
in the horse is approximately 1–1.5 
mmol/L. At low speeds this value does 
not change greatly from the resting 
value. At moderate speeds lactate 
begins to accumulate in the blood 
with accumulation accelerating when 
exercise/speed increases above the 
level at which blood lactate is about 
4 mmol/L. This threshold workload at 
which blood lactate is maintained at 
4 mmol/L is often referred to as the 

Did you 
know? 

Resting lactate levels in horses 
are equivalent to those in 
humans (1.5-2 mmol/L).  After 
exercise horse lactate levels can 
exceed 20 mmol/L whereas in 
humans, post exercise levels 
rarely rise above 10mmol/L

Lactate accumulation in muscle cells 
and blood is a normal consequence 
of exercise in horses. At low exercise 
intensity, the aerobic metabolism of 
glycogen, glucose and fat provides 
energy in the form of ATP to fuel 
muscle activity. As exercise intensity 
increases, oxygen levels can no longer 
meet the ATP requirement and rather 
than pyruvate being used in the citric 
acid cycle in the mitochondria, it is 

metabolised to lactate to fuel muscle 
energy requirements. Because lactate 
cannot be used as an energy source 
in muscle, lactate is sequestered into 
the blood for transport to the liver 
where it is used as an energy source 
or converted to pyruvate. Blood 
lactate levels during exercise are 
therefore an indicator of anaerobic 
metabolism and provide an indicator 
of muscle exertion. It is the onset 
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Blood lactate levels provide an  
indicator of muscle exertion

anaerobic threshold, or the speed 
at onset of accumulation of blood 
lactate (OBLA) and also as VLa4. 
VLa4 is therefore the work velocity/
intensity which results in a blood 
lactate of approximately 4 mmol/L. 
This value is derived from inspection 
of graphs of exercise speed (on the 
X axis) plotted against blood lactate 
concentration (on the Y axis).
 
At speeds greater than VLa4, lactate accumulates rapidly in the blood. The 
general relationship between velocity and blood lactate is therefore usually 
described as exponential. However, if sufficient steps are used in the exercise 
test, the relationship is described by two straight lines, with an obvious 
velocity at which the blood lactate begins to accumulate in blood.

After a race or intense training, blood lactate concentrations are usually 
greater than 20 mmol/L. It is normal for the blood and muscle lactate 
concentration to then gradually decrease over a 1–2 h period after a race or 
fast work. Acidosis of muscle and blood is a normal result of fast work, and 
this acidosis is rapidly reversed by the horse’s own metabolism.

See references in pag 21

Lactate testing in cattle

Lactate is a product of anaerobic 
metabolism that serves as a valuable 
prognostic marker in the fields of both 
human and veterinary medicine.

Increased lactate levels 
(hyperlactatemia) arise due to tissue 
hypoxia as a result of local or systemic 
hypoperfusion and/or poor oxygen 
delivery1,2. Measurements of blood 
lactate indicate how adequately 
oxygen is being delivered around 
the body, providing a way to assess 
the severity of cardiovascular or 
pulmonary disease, for example; how 
the body is responding to treatment 
and to predict health outcomes and 
aid decisions about how to improve 
survival.3,4

In cattle, measuring lactate 
concentrations is used to measure the 
severity of various conditions including 
respiratory disease, displacement of 

the abomasum (a ruminant’s fourth 
stomach) and neonatal diarrhea.2

More recently, lactate has been used 
to compare the fitness of pregnant 
versus non-pregnant cows which 
could be used by farmers to make 
judgements as to whether a cow is fit 
enough to calf again; and to compare 
exercised versus non-exercised cows, 
enabling agricultural and animal 
welfare inspectors to assess how 
much exercise a cow has recently had.

Research has also shown that new-
born calves that require assisted 
delivery due to dystocia (abnormal 
labor) have higher lactate levels 
compared with calves that do not 
require assistance.2 A scoring system 
called APGAR that assesses the health 
of new-born calves has been shown 
to be negatively correlated with blood 
lactate level.2

Many studies of horses trained on 
both treadmills and on racetracks 
consistently demonstrate that 
training results in lower blood lactate 
concentrations at the same work 
speed. The speed at which blood 
lactate begins to accumulate rapidly, 
VLa4, also increases ie the horse 
is able to work at a higher speed/
intensity without accumulating 
lactate. Repeated tests of the blood 
lactate relationship with velocity are 
suitable as a means of measuring 
increasing stamina with training. 
VLa4 measurements every 2–3 
weeks also enable measurement 
of changes in fitness through the 
training program.
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Measuring lactate concentrations 
in cattle
Increasingly, lactate analysis is being 
performed for the prognosis and 
diagnosis of a range of conditions 
and diseases in veterinary medicine5. 
Traditionally, lactate has been measured 
from serum/plasma samples in the 
laboratory, but increased availability 
of hand-held lactate analyzers for on-
the-spot, point-of-care (POC) analysis 
provides the opportunity to monitor 
whole blood lactate concentration in 
real-time at an animal’s side6.

Although the prognostic value of the 
blood lactate level in ruminant medicine 
has not been widely documented, its 
reliability has been validated in two 
recent studies:

Researchers at the Faculty of 
Veterinary Medicine, Freie Universität 
Berlin measured blood in various 
bovine conditions including dystocia 
and parturition (the process of giving 
birth)2.

The researchers compared factors 
that influence measures of lactate 
in dairy cows such as the use of 
different anticoagulants and different 
techniques. They then tested the 
accuracy and reliability of the Lactate 
Scout hand-held device from EKF 
Diagnostics compared with a standard, 
laboratory lactate analysis method.

Researchers at the Faculty of 
Veterinary Medicine, Ataturk University 
in Turkey studied the use of the 
Lactate Scout as a POC instrument for 
the determination of blood L-lactate 
concentration in sheep1.

The study examined sheep of various 
ages that had a variety of diseases. 
The researchers compared blood 
lactate measured with the Lactate 

Scout with plasma lactate measured 
with the Cobas autoanalyzer as a 
standard laboratory reference.

The study showed that the Lactate 
Scout had an accuracy of 98% and a 
precision of 99% compared with the 
reference method and concluded that 
the Lactate Scout is a reliable POC 
analyser for assessing lactate levels in 
ovine medicine.

EKF’ Lactate Scout

Rapid, cost effective and reliable animal-
side results can be obtained using the 
Lactate Scout as a prognostic and 
diagnostic tool in veterinary medicine5.

A simple and convenient device, use of the 
Lactate Scout involves only three steps: 
the sensor is removed and placed into 
the analyser, flesh is pricked, and blood 
collected by touching with the sensor 
and results are generated 
after a 10 second wait8. 
It requires only 
0.2µl of capillary 
blood and up to 
250 results can 
be stored on the 
device.

Lactate measurement in cows 
at Freie Universität Berlin

Lactate measurement in sheep 
at Ataturk University

The team showed that there was no 
difference in lactate concentration 
using lithium heparin blood samples 
when either the Lactate Scout or the 
standard laboratory method was used.

The study concludes that the use of 
lithium heparin as an anti-coagulant 
with the Lactate Scout serves as a 
useful tool for simple, reliable and 
accurate measurement of blood 
lactate in cows and calves at the 
animal’s side2.
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3 Lactate testing 
 in medical applications

There are many uses for lactate measurements in healthcare. Discover more 
about the increasingly important role of lactate in healthcare.

Lactate and obstetrics

During birth, a number of potential complications for mother and child may 
occur. These complications can lead to decreased oxygenation of the foetus 
and/or prolonged pain and injury to the mother. Monitoring mother and 
foetus closely for lactate levels provides diagnostics tools for a safe birth. 

Cord blood lactate (CBL)
Umbilical cord blood lactate provides an indication of the acid–base balance 
of the infant at birth.  It is recommended in all high-risk deliveries and in 
some countries is performed routinely after all deliveries. Cord blood lactate 
has a predictive value for perinatal outcome and elevated lactate levels alert 
clinicians to undertake immediate intervention.

Fetal scalp lactate (FSL)
Fetal scalp lactate testing is a simple test, requiring a low volume of blood to 
monitor foetal distress during birth. Studies report significantly fewer failures 
in sampling with lactate analysis and no differences in short term neonatal 
outcome compared with high blood volume pH testing.

Emergency medicine 
and critical care

There are a number of causes 
for hyperlactatemia in critically ill 
patients with sepsis, shock and 
trauma being both the most common 
and most serious. Pre-admission 
measurements of lactate have been 
shown to improve the prediction of 
mortality, post-surgery infection and  
and multi-organ failure.

Lactate and cardio training, weight reduction and fitness

Regular endurance exercise has many benefits for health and well-being. 
It has been proven to lower systolic and diastolic blood pressure, improve 
insulin sensitivity and lower HbA1c levels, lower triglycerides and increase 
HDL-cholesterol. Regular power exercise, meanwhile, can increase insulin 
sensitivity.The maximal fat oxidation rate is reached under long term aerobic 
conditions because this is when predominantly free fatty acids are used as the 
energy source. In contrast, under anaerobic conditions mainly carbohydrates 
are used for generating energy.

Did you 
know? 

Lactate is a normal by-product 
of energy use in the body and 
typical levels are approximately 
2mM/mL. Elevated lactate levels 
are an indication of stress and 
require clinical investigation of 
the patient to determine why 
the lactate level is elevated. 

The measurement of lactate during step tests reveals the shift from aerobic 
(oxygen dependent) to complementary anaerobic (non-oxygen dependent) 
metabolism.  The knowledge of this ‘anaerobic threshold’ can be used for the 
definition of training intensities and conditions to achieve optimal fitness and 
weight reduction.

Furthermore, lactate testing can support a secure and efficient training 
avoiding critical over-exhaustion.
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4 Lactate testing 
 in sports physiology

Until recently, assessing your athletic performance using lactate measurements 
was the exclusive privilege of elite athletes.

Today, amateur athletes, personal trainers, gyms and clubs can discover the 
possibilities of using lactate measurements thanks to lactate analyzers like 
the EKF Lactate Scout, a simple device smaller than your phone.

Why measure lactate?

It is important to measure your 
lactate level if you wish to have an 
indication
of performance development. 
Knowing your lactate level can help 
you determine your optimal training 
regime, especially in endurance 
sports.

For a long time, lactate was seen as 
a by-product of glycolysis (glucose 
metabolism) and being primarily 
responsible for muscular fatigue 
during exercise. 

This misunderstanding arose from 
early studies showing that lactate 
increased in blood and muscle tissue 
in an exercise intensity dependent 
manner and that lactate production 
was therefore closely corelated with 
fatigue levels.

In order to understand how lactate 
levels relate to sports performance 
and training regimens, it is necessary 
to understand the basics of glucose 
metabolism. During normal muscular 
activity, glucose is metabolised as 
an energy source to release energy 
with pyruvate and 2 H+ ions as the 
by product. Pyruvate is then utilised 
in other metabolic processes to 
generate further cellular energy 
sources. This is known as aerobic 
glucose metabolism. As muscle 
activity increases and oxygen 
becomes a limiting factor in glucose 
metabolism, lactate becomes the 
preferred endpoint of glucose 
utilisation.  This is known as anaerobic 
glucose metabolism.

Glucose Glucose
6-phosphate

Ribose
5-phosphate

LactatePyruvate

AnaerobicAerobic

Glycogen breakdown Glycogen synthesis

Pentose phosphate 
pathway

Glycogen

Overview of glucose metabolism showing that lactate is part of a complicated 
cycle of sugar conversions mediated by numerous enzymes.

Lactate is therefore the ultimate end product of glucose utilisation within 
the body and it can be used by the body in several ways. Lactate can be 
converted back to pyruvate to fuel the Krebs cycle (which ultimately produces 
the biochemical energy source ATP) or lactate can be converted to glucose 
via gluconeogenesis in the liver.

Active transport of lactate from muscle fibres into the bloodstream fuels 
these other pathways.  Blood lactate levels of approximately 1mM to 2 mM 
at rest or during moderate exercise are typical. Therefore, the body is able to 
utilise glucose, pyruvate and lactate as both energy sources and precursors 
for other metabolic pathways during rest and moderate activity.

During high intensity exercise, increasing glucose metabolism to fuel muscle 
activity is oxygen dependent and the switch to anaerobic glucose metabolism 
with lactate production as the endpoint has downstream consequences. 
Muscles also have a finite capacity to utilise lactate and remove lactate from 
the muscle fibre. Lactate therefore begins to accumulate in the muscle fibres 
and eventually in the bloodstream. 

With training, the body is able to increase its utilisation of lactate and 
thus maintain muscle function for longer periods before lactate starts to 
accumulate in the muscles and subsequently becomes elevated in the blood.



16  Lactate testing guide  |  EKF Diagnostics EKF Diagnostics  | Lactate testing guide  17

Increased endurance is therefore associated with an increased lactate 
threshold. Thus the lactate threshold definition is the first increase in blood 
lactate above the resting level, which is typically between 1 and 2 mM in 
healthy subjects. 

How do athletes from distance runners to swimmers and cyclists achieve 
an increased lactate threshold? Athletes need to do a mix of speed work 
and slower endurance training to develop both the aerobic and anaerobic 
metabolic pathways. This holds for both beginners and elite athletes alike. 
Sports science has utilised the lactate threshold test to define specific 
training plansd for many sports. 

Most training plans are designed to gradually increase distance and speed, 
without overstressing the body. For the recreational runner, this would 
typically mean 2 or 3 short runs during the week and a longer run at the 
weekend that, as the weeks progress, gets longer. These runs should be at 
a pace that is easy to maintain and will build endurance, that is the ability to 
exercise at that pace for longer. 

Training plans will also incorporate a speed element aimed at reducing the 
time required to cover a given distance. These speed elements should be 
a mix of interval sessions during your longer run (e.g. by increasing your 
pace during the last minute of each mile) and speed specific sets (e.g. 500m 
with 2 min rest at easy jog 4 times, repeat next week and see if times have 
improved, if they have improved, add another set or increase the distance and 
reduce the recovery period). These speed sessions should be at a moderate 
to moderately hard pace. 

Did you 
know? 

Top Olympians have a 
higher lactate threshold than 
Olympians finishing in the 
bottom 25% of their sport?

What is the anaerobic threshold?

The anaerobic threshold is the transition region between mostly aerobic and 
partly anaerobic energy production. It shows the maximum possible training 
intensity where lactate production and lactate elimination are balanced 
(maximum lactate steady state).

In general, the maximum lactate steady state is at 4 mmol/L. If the exercise is
continued at high intensity more lactate will be produced than eliminated.
Increasing lactate values over 6 mmol/L indicate the limit of performance.
Thus, measuring the lactate level can help avoid symptoms of overload like
burning sensation in the muscles and exhaustion. 

How can performance
assessments benefit athletes?

Performance assessments can determine physical performance, particularly 
in endurance sport, e.g. long-distance running and cycling. Additionally,
optimal individual training intensities and training zones can be defined, 
based on lactate levels. Monitoring performance development over time
can be done by repetitive tests. Possible under- and overload during exercise
can be avoided by measuring lactate.

How does this type of training 
relate to lactate threshold? 

The long runs at a pace that is sustainable will typically be at a lactate 
level that is normal. The speed work pushes your body beyond the lactate 
threshold and trains your body to better clear lactate from the musculature.

The most efficient way to improve your lactate threshold is with true lactate 
threshold training. True lactate threshold workouts are performed at a pace 
that is very close to your specific lactate threshold, typically this is a moderate 
to moderately hard pace. For the vast majority of runners that intensity level 
is reached at or just slightly slower than their 10K race pace.
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So why not train at that pace all the time? Your lactate pace is a hard pace 
and it would be both very difficult and unwise to consistently train at a pace 
that hard. That’s why a mix of endurance-building long runs and stamina-
building speed work at varying paces are the ideal way to increase your 
lactate threshold.   

What kind of performance
tests can be undertaken?

The most popular performance test is the “Step Test”. It is mostly carried out
on a treadmill or stationary bicycle. The test begins with a load of moderate
intensity and is then increased gradually. The single steps should have 
durations of between 3 and 5 minutes. The intensity is increased until the 
subject has reached peak performance. During each step, parameters like 
watt/speed, heart rate and lactate levels are determined. The same test 
profile is also useable outdoors on a running or cycling track.
Another performance test is a single point measurement. A single lactate
measurement after a workout or load under defined conditions (speed/power
and duration) shows the individual’s performance status. Such a test can
be performed at regular intervals to monitor progress.

For all performance tests, especially if you compare results over a prolonged
period, it is crucial to perform the test under standardised conditions.

The athlete should ensure that they:

• Are fully rested
• Have had the same nutrition regime
• Perform the test on identical equipment
• Are aware that temperature can have an impact on the results.

Preparing for a performance test

• Ensure that there are no medical reasons (e.g. cardio-respiratory illness, 
infections etc.) that would inhibit any physical activity.

• Medication that would influence the physical performance must not be 
taken.

• Make sure the fluid intake (water) prior to the test is appropriate. Soft 
drinks, energy drinks, coffee and tea should be avoided before the test.

• Do not eat for 2-3 hours before the test. The meal should not contain high 
levels of carbohydrates or sugar.

• Ideally, no high intensity workouts should be performed in the two days 
prior to the test.

• When taking the blood samples, make sure the area of the blood drop 
is clean and free of sweat. Wipe the first drop away and use the second 
drop for analysis.

• For the interpretation of the test results, be aware that the timing of the 
test (training phase, time of the year) has an influence on performance 
and results.

So how do I perform 
a lactate threshold test?

These tests are typically called step tests and rely on stepping up the intensity 
of the exercise effort over 2, 3 or more steps.

In order to track your lactate threshold, you will need a portable lactate meter, 
lactate sensors, lancets (to take blood), a defined distance over which to run 
and a way of pacing yourself.  Ideally, you should have a willing assistant 
around to take the blood sample and record the results, it’s difficult trying to 
get the tests done on your own!

A simple step test would look like this:

Take a baseline blood lactate reading

Warm up at an easy pace for 1200m

Take second blood lactate reading

Run at a slightly elevated pace for 1200m

Take third blood lactate reading

Run 1200m at a pace above that of the previous 1200

Take fourth blood lactate reading

Run final 1200m at moderate to hard pace

Take fifth blood lactate reading

Cool down with 5 min easy jog, measure blood lactate every 2-3 minute 
during and after the cool down until levels are back to the baseline.

1

2

3

4

5

6

7

8

9

10
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 The pacing in the test is the important factor. The paces need to be incremental 
but sustainable for the duration of the test. A watch with a pacing function is 
useful for this type of test or you could run on a treadmill with speed control.

Once you have your results you will need to analyse the data. Software 
supplied with the portable blood lactate meter will automatically pull data 
from your meter and plot the results.

Did you 
know? 

At her peak, former marathon 
record holder Paula Radcliffe 
could run at 18.5km/h before 
her blood lactate rose above 
normal.

18.5
km/h

This initial data will show you at what pace your lactate threshold is reached 
and is likely to be at the second or third increase in pace. This will give you 
a pace to aim for and exceed in your speed sessions. Carry on with your 
training plan using the pace data to inform your speed sessions. 

To track progress, repeat the step test with the same pacing 6-8 weeks 
later and compare the results.  The plotted data should show a move of the 
threshold to the right indicating that you have increased your blood lactate 
threshold meaning that you can run at higher paces without accumulating 
lactate.

The chart shows a shift in the lactate curve to the right i.e. the speed/level of 
exertion at which lactate becomes elevated in the blood in increased. This shift 
corresponds to increased fitness such that the athlete can perform at higher levels 
of exertion without accumulating lactate in the musculature.
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