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slide 01 / 14 measure→ plot→model→understand→question→apply si units

§ 01 · measure

ALL THIS FOR
A DROP OF BLOOD.
What can a drop of blood tell me about how I run?

EN · English

what is lactate?

A molecule the body produces all the time when
getting energy from glucose, and in larger amounts the
harder the effort. It is not a waste product: muscles,
heart and liver reuse it as fuel.

why does it matter in sport?

Its level in the blood reflects how demanding an effort
is for the body. Measuring it helps find each athlete’s
thresholds and set training zones tailored to them.

≈
0.

3
m

ic
ro

lit
er

s

sample

measure

speed

lactate

at this speed,
this lactate

a point

plot

speed

lactate

a curve

drop −→ point −→ curve

exercise physiology / data / mathematical modeling

A simple biological measurement, turned into quantitative information.
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slide 02 / 14 measure→ plot→model→understand→question→apply ref. [14]

§ 02 · measure

AM I REALLY IN
THE ZONE I THINK I AM?

speed
meters per second

heart rate
beats per minute

blood lactate
millimoles per liter

perceived effort
effort scale 6–20

ex
te

rn
al

in
te

rn
al

pe
rc

ei
ve

d

measurement channels

EXERCISE
INTENSITY

estimated by combining signals:
no single one captures it

schematic of a capillary lactate test

0.3µL

strip 2.4
mmol/L

analyzer

2.4 mmol/L
lactate at that moment

sample measurement data point

Measuring does not replace feel.
It complements it.
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slide 03 / 14 measure→plot→model→understand→question→apply si units

§ 03 · plot

ONE MEASUREMENT
DOESN’T SAY MUCH.
Many measurements start to reveal a pattern.

3.0 3.5 4.0 4.5 5.0
0

1

2

3

4

5

6

7

extrapolation

stage 1

stage 2

· · ·

stage 6

curve

margin of error

stage speed (m/s) lactate (mmol/L)

1 3.0 1.22
2 3.4 1.12
3 3.8 1.50
4 4.2 1.71
5 4.6 2.85
6 5.0 4.29

Stage test, each stage faster. Illustrative data.

Running speed (m/s)

Blood lactate (mmol/L)

measurement (with its margin of error) curve that best fits the points

The points are what I measured; the curve is a model that connects them.
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slide 04 / 14 measure→ plot→model→understand→question→apply ref. [1, 4]

§ 04 · model

IT’S NOT A
STRAIGHT LINE.

3.0 3.5 4.0 4.5 5.0
0

1

2

3

4

5

6

7

if it were
linear

+0.4 m/s

lactate +0.14

+0.4 m/s

lactate +1.79

gentle slope

steep slope

Faster ⇒ more lactate.
And each pace increase
raises it more than the last.
It looks like an exponential curve.

Running speed (m/s)

Blood lactate (mmol/L)

The lactate response is usually curvilinear and can be modeled mathematically.
In this example, adding 0.4 m/s at a high pace raises lactate about twelve times more than at a low pace.
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slide 05 / 14 measure→ plot→model→understand→question→apply ref. [2, 3]

§ 05 · model

LACTATE IS NOT
ONLY PRODUCED.
It is also transported, oxidized and reused.

MUSCLE
glycolytic, active

measured here

BLOOD

lactate

circulates in the body

HEART

OXIDATIVE
MUSCLE

LIVER

production
released into blood

IN

fuel

fuel

turned into glucose

glucose returns to the muscle (Cori cycle)

O
U

T

metabolic flux — lactate circulates: it is not simply a waste product
Simplified schematic: the same muscle can both produce and consume lactate; other tissues are also involved.

change in blood lactate = what comes in − what goes out
What the drop measures is the balance of both flows, not just production.

in ≈ out
lactate levels off

time

lactate
in > out
lactate builds up

time

lactate
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slide 06 / 14 measure→ plot→model→understand→question→apply ref. [1, 4, 9, 10, 11, 12]

§ 06 · understand

AND THIS IS WHERE
THRESHOLDS APPEAR.

3.0 3.5 4.5 5.0
0

1

2

3

4

5

6

7

classic fixed rule: 4 mmol/L [10, 11]

does not match this runner’s LT2

resting level

maximum
distance

LT1

LT2

moderate heavy severe

LT1 (1st threshold): lactate
starts rising above rest.

LT2 (2nd threshold): from here
lactate shoots up. Used to
approximate MLSS (slide 10).

(LT2: point on the curve farthest
from the diagonal line;
Dmax method [12]; illustrative data)

Running speed (m/s)

Blood lactate (mmol/L)

Your thresholds depend on your
physiology, how the test is done
and the method used to compute them.
Moderate, heavy and severe are the three intensity domains; here they are split roughly by LT1 and LT2. Strictly, the heavy-to-severe bound-
ary is associated with critical speed (slide 9) [9].

They are not simply
“4 mmol/L”.
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slide 07 / 14 measure→ plot→model→understand→question→apply ref. [1, 4, 13]

§ 07 · understand

THE THRESHOLD IS
INDIVIDUAL.

3.0 4.0 5.0
0

2

4

6

8

4 mmol/L

A

B

C

D

runner threshold (m/s) lactate at threshold (mmol/L)

A 3.92 2.8
B 4.32 1.9
C 4.68 3.6
D 4.97 1.6

A, B, C, D: hypothetical runners. Threshold estimated by Dmax [13].

Running speed (m/s)

Blood lactate (mmol/L)

The threshold is not a fixed
lactate value: each runner
has their own.

Hollow circles mark where each runner reaches 4
mmol/L; filled ones, their actual threshold. They
never coincide, and the gap between them varies a lot
from runner to runner.
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slide 08 / 14 measure→ plot→model→understand→question→apply ref. [8]

§ 08 · understand

HOW DOES LACTATE TRANSLATE
INTO TRAINING?

LT1 LT2

individual variable

thresholds of the runner in slide 6
(illustrative): estimated, not fixed

LIT
Z1

LIT
Z2

MIT
Z3

HIT
Z4

HIT
Z5

HIT
Z6

· · ·

published scale for elite runners [8] · LIT/MIT/HIT: low / moderate / high intensity

0 1 2 3.5 5 8

lactate (mmol/L)
compressed (logarithmic) scale

2 mmol/L
does not define LT1

4 mmol/L
does not define LT2

Zone Lactate Typical pace∗ Typical methods

(mmol/L)

Z1 · LIT < 1.0 — warm-up and cool-down; easy long runs
Z2 · LIT 1.0–2.0 — long runs, uphill runs, progressive runs
Z3 · MIT 2.0–3.5 (half) marathon threshold runs and intervals, fartlek
Z4 · HIT 3.5–5.0 10,000 m VO2max† intervals, hill repetitions
Z5 · HIT 5.0–8.0 1500–5000 m VO2max† intervals, competitions
Z6 · HIT > 8.0 800–1500 m “lactate tolerance” (a training term), hill repetitions

Adapted from table 3 of [8], described for world-class distance runners as a training guideline; lactate: typical normative values
in red-cell-lysed blood (Z7: 60–400 m sprints, no lactate range). ∗ Typical intensity associated in this classification; it does not
imply that each distance is run at a single concentration: race lactate varies with the athlete, duration, pace, sampling time and
protocol. † VO2max: pace at which maximal oxygen uptake is reached.

The ranges are descriptive reference values. Individual zones should be determined from the athlete’s physio-
logical response. E.g.: the runner in slide 6 has their LT2 at ≈2.9 mmol/L; for them, Z4 (3.5–5.0) would already be above
their LT2.
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slide 09 / 14 measure→ plot→model→understand→question→apply ref. [6, 7, 9]

§ 09 · understand

HOW LONG CAN YOU
SUSTAIN AN INTENSITY?

4.0 4.5 5.0 5.5 6.0 6.5
0

600

1200

1800

slower than
critical
speed

(outside the model)

low intensity:
very long

cr
iti

ca
ls

pe
ed

D′

reserve
(area)

near the limit: a long time

faster: less time

much faster: a few minutes

time =
D′

speed − critical speed
Critical speed: the boundary between
what levels off and what doesn’t.

D′: extra meters you can run
above it, like a battery.

illustrative: critical speed = 4.5 m/s, D′ = 200 m

Running speed (m/s)

Time to exhaustion (s)

As speed approaches the critical one,
the model predicts infinite time.
a mathematical limit, not a physiological promise

In practice, nobody runs
at that speed forever.

Note: this curve (a hyperbola) is the traditional speed–duration model [6, 9]. It is fitted with all-out efforts of ∼2–15 min [7, 9]; outside that
range it is extrapolation. Critical speed is proposed as the boundary between the heavy and severe domains [9]; even so, no pace can be held
forever [9].
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slide 10 / 14 measure→ plot→model→understand→question→apply ref. [4, 5, 9]

§ 10 · understand

MLSS: MAXIMAL LACTATE
STEADY STATE.

mlss — definition

The highest intensity at which lactate
still stays stable over time.

Usual criterion: running at a constant pace, lactate rises no
more than 1 mmol/L between minutes 10 and 30 [5].

It is found with several constant-pace tests: it is specific to
each person.

Lactate at MLSS varies a lot between people: it is not al-
ways 4 mmol/L.

10–30 min window

0 10 20 30 minutes

lactate
schematic

below MLSS

at MLSS

above MLSS

levels off

keeps rising

Intensity→ What lactate does→ Domain→ How long you last

below LT1 almost like at rest moderate a very long time
LT1–LT2 higher, but levels off heavy a long time
≈MLSS the highest possible stable level (per

protocol)
limit of what is stable quite long, but not forever

above critical
speed

doesn’t level off: keeps rising severe minutes (slide 9)

LT2, MLSS and critical speed are close but distinct ideas: they are measured with different tests and mod-
els. Critical speed usually lies close to MLSS, but they are not the same [9]; the exact relationship is still
debated [4].
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slide 11 / 14 measure→ plot→model→understand→question→apply ref. [4]

§ 11 · question

BUT THERE IS
A PROBLEM.

3.0 3.5 4.0 4.5 5.0
0

2

4

6

threshold ± margin

where the
threshold may be

no data

the body changes continuously
but we measure isolated points, with errormeasured lactate = true lactate + error

gray band: uncertainty of the curve (schematic)

Running speed (m/s)

Blood lactate (mmol/L)

data model threshold ± margin

instrument error

sampling (site, timing)

biological variability (day to day)

protocol (stages, increments)

model selection threshold-definition method

threshold = data + model + method Physiology is continuous; the model introduces an estimate.

I AM NOT MEASURING “THE THRESHOLD”.
I AM ESTIMATING IT.
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slide 12 / 14 measure→ plot→model→understand→question→apply si units

§ 12 · apply

SO,
WHY MEASURE?

speed− margin threshold + margin

transition zone

below threshold above threshold

likely range

easy runs, long runs tempo, threshold intervals

pace m/s

heart rate bpm

lactate mmol/L

perceived effort 6–20

TRAINING
DECISION

several signals, one zone, one choice

I don’t chase an exact point.
I train within a zone.

uncertainty does not mean useless data

Uncertainty does not invalidate measurement: it changes how it should be interpreted. Measuring is useful because it lets us build bet-
ter models of a complex biological system, not because it yields perfect numbers.
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slide 14 / 14 measure→ plot→model→understand→question→apply si units

§ 14 · bibliography
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