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ABSTRACT

Lactate threshold and the overall lactate profile (a curve trendline between lactate levels
and velocity) are important biomarkers for endurance running performance. Lactate values
at given running velocities are race time predictors in endurance events, and in case of
predicting an unsatisfactory result in running competitions, urgent actions to improve
endurance running performance are needed. HIIT crash blocks prior to race can be used as
such option but existing experiments were performed on athletes in other than running
sports. In this study we performed an experiment on an well-trained endurance runner, in
this experiment a short time (5 days) high intensity interval training (HIIT) crash block leads
to rapid improvements in his lactate profile. It's important to add that the time at high vo2
values during the HIIT session was very low but the lactate production was very high, which
may suggests the discovery of a new mechanism for improving the lactate profile of an
athlete.

INTRODUCTION

Competitive endurance running requires developed aerobic biomarkers in athletes.
Vo2mayx, lactate threshold and running economy have been considered as one of the most
important race predictors in endurance running events [1]. A high lactate value is an
indicator of approaching fatigue and exhaustion and that this given exercise intensity is
definitely high. A high lactate value is also associated with arterial and muscular hypoxia
[2], acidosis (but not a cause of it) [3] and accelerated glycogen depletion rate as anaerobic
glycolysis produce only 2 ATP molecules instead of 36 when oxygen is used. Lactate values
at a given velocity may be used as race time predictors in endurance running events [4] and
velocity at lactate threshold can be hold for approximately 25 minutes [5]. It is highly likely
that if the athlete’s lactate at a given velocity gets lower from training, or if the lactate
threshold pace becomes higher, that this may lead to better endurance running
performance. Additionally, lactate threshold may be associated with all cause mortality in
patients, and belonging to the worst lactate threshold group is associated with the highest
mortality rate [6].

So we can conclude that targeting the lactate curve is part of endurance and health
engineering.



Athletes lactate profile is a complex phenomena. It is dependent on oxygen supply, which
is a function of pulmonary function, cardiac output, hemoglobin mass, blood volume,
muscle capillary-to-fiber ratio, muscle oxidative characteristics. Some of this variables can
be rapidly changed, other needs more time for adaptation processes [7]. It is widely
accepted by coaches that the so called threshold (or tempo) runs are the key workout for
improving the lactate profile of an endurance runner, but this statement was refuted by
science [8-11]. Instead, high intensity interval training [12], high volume low intensity
training, resistance exercise and plyometrics has provided evidence of improved lactate
profiles in athletes [13]. These training modalities are already used by well trained athletes
and it's harder to get improvements over time as the athlete progresses. Elite endurance
athletes and exercise non-responders are the most difficult subjects which can get further
improvements from training so different approaches are needed. Moreover, there are
conditions where rapid lactate profile improvements are urgently needed, for example, in
upcoming competitions where time for training is limited.

HIIT crash blocks has been used by exercise physiologists, endurance engineers and
coaches as a desperate shock-microcycle in order to get rapid improvements prior to race
events. This approach has been proved effective in elite cyclists [14] and alpine skiers [15].
As to our knowledge, hiit crash blocks had not yet been tested in endurance runners, that's
why we have decided to perform a hiit crash block on an already well trained endurance
runner with a low-to-no exercise responsive phenotype and measure his lactate profile. In
accordance to Midgley et.al [16] and Wenger and Bell [17] accumulated time at high vo2
values during a HIIT session is important vo2max improvement induction. Due to imperfect
oxygen uptake kinetics the first time after initiating a HIIT bout, ATP is generated through
anaerobic pathways where high amounts of lactate are been generated. We decided to
perform a HIIT protocol where the time accumulated at high vo2 values is low, because we
want to investigate a hypothesis that such protocols will lead to improvements in athletes
lactate profile rather in vo2max.



CASE REPORT

Our subject is a 36 year old well trained endurance runner with a 6 year old experience and
a vo2max of 60mN\kg\min. His 200m personal best is 29 seconds, 1k: 2:58,6, 5k: 19:20. And
he asked us whether he can do a sub1:30 half marathon (which needs a sub 4:16 min\km
pace). His vo2max value is in the range of a well trained athlete (60mI\kg\min) but more
important, his initial lactate profile indicates that his target race pace is significant above
his lactate threshold.

Training intervention

A graded treadmill based test was performed 1 week prior to this training intervention in
order to find out the vo2max. The treadmill incline was set to a fixed 1% value and initially
the speed was 7 km\h and increased every 1min until exhaustion. Oxygen consumption
was measured by Vo2master (Canada) as a 20s moving average and was 60 mI\kg\min. The
initial lactate profile test was performed on morning Wednesday, day 0. The next day 1h
low intensity run (5:30 min\km) was performed.

On day 2-6 a 3*7*30"hard run\15"jog HIIT was performed, the rest between series was 3
min as in Ronnestad's work [18]. On day 2 the HIIT was performed with the Vo2master gas
analyzer and lactate samples were collected. On day 7 a repeated lactate test was
performed.

Lactate profiling and threshold determination.

Lactate was measured with a LactatePlus device (Nova Biomedical). The lactate
profile test was performed 2,5h after a standardized meal (carbohydrates + coffee).
After initial 10 min warm-up (performed at a very low intensity (RPE 1\10, 7:00 min\km) our
subject was paced by a sub-elite (vo2max 65) runner on a calibrated 400m running track
(Luzhniki, north core, 1t lane, Moscow, Russia).
After 5-6 minutes running at constant pace (starting from 5:45 min\km) his ring finger tip
was pierced by a 0,3mm lancet, the first blood drop was removed by an alcohol wipe, and
then, after a second visually confirmed second blood drop was formed, it was collected by
an experienced exercise physiologist. After the lactate value was obtained, a next running
interval was performed (-30s per km pace), until lactate reached 4mmol\l.



The test was performed with the same shoes, designed for high intensity interval training
(Nike Tempo Next) and under the same weather conditions. The athlete was asked to run
behind the pacer to minimize wind influence. Heart rate data were collected via a chest
strap (Polar H10). After lactate data was collected, a mathematical method was used to
determine lactate threshold. A plot was formed from the lactate data, where x axis is
speed, y axis is lactate (Excel, Microsoft). The lactate points were transformed into a third
degree polynomial trendline (Y=ax"3+bx"2+cx+d), and the third degree equation was
calculated by inserting 4 as the y value. The longest perpendicular was determined as an
extreme point from the difference Y=Ypoly-Ylin, and the X value of the extreme point was
set as the lactate threshold of our athlete



Results
Vla4d

To calculate the velocity at la=4, two third degree equations were formed form the lactate
data from the old and the new (repeated) lactate test.

The first equation isy = 0,1651x3 - 5,4096x2 + 59,157x - 214,1. Bu inserting 4 as an Y value
the x value corresponding for the vla4old speed is ~13,2 km\h (or 4:33 min\km pace).

The new equation from the repeated lactate test is y = -0,1294x3 + 4,9479x2 - 61,57x +
251,55 and the vladnew speed is ~13,7 km\h (or 4:23 min\km pace).

Vladold and Vla4new velocities can be seen on the following plot as points A and B
respectively.

Lactate profile

Lactate at different velocity values

As shown in plot 2, lactate levels were definitely lower during all 4 measurements, where
measurement 1, 2 and 4 (slightly faster his desired race pace) are lower more significant.

The speed value for point 1 is:

10,56 km/h (old test) and 10,46 km/h (new test)

The speed value for point 2 is 11,43 km/h for both old and new tests.
The speed value for point 3 is 12,63 km/h for both.



And the speed value for point 4 is 14,25 km/h and 14,28 km/h for old and new test
respectively. This little difference in speed is common during track and field tests and does
not play a significant role.

We see a 1,8 fold lower lactate level at point 4 which indicates significant aerobic
improvements and adaptations, and we are expecting a better time to exhaustion and
exercise tolerance at similar paces.

Further improved tolerance in the short term can be achieved by using shoes with carbon
planes and nitrate supplements (which may improve running economy) so a sub1.30 half
marathon seems possible for our test subject under current aerobic fitness.

Lactate profile
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Oxygen consumption during HIIT

54,57, and 60mI\kg\min were set as 90%, 95% and 100% of vo2max values. Time spent
above this zones were calculated manually in Excel.



VO2[mL/kg/min] 7x30" hard/15"
jog

Lactate after immediately HIIT: 18,4 mmol/I

Rate of perceived exertion: 9,5/10

Discussion

In this study we have shown that a short 5 day HIIT crash block can lead to rapid
improvements in lactate profiles of endurance runners. Short HIIT sessions may lead to
activation of oxidative enzymes, which may be involved in lactate kinetics. In Skovgaard
et.al publication, 6 30 sec all out sprint interval sessions followed by endurance exercise
leads to upregulation of PGC1a which is a master regulator of mitochondrial biogenesis in
skeletal muscles. PDK-4 and VEGF, which are also involved in lactate kinetics (by modulating
lactate generation and capillary-dependent muscle oxygen supply) are also upregulated
[19]. In our study the intensity was lower than all out, but definitely high (somewhere near
vvo2max or even anaerobic speed reserve (ASR) range) and there is no evidence that a
truly all out sprint will induce different adaptation mechanisms than a vwo2max\ASR HIIT.
Sprint intervals (and maybe also short vwo2max\ASR HIIT) upregulates oxidative enzymes in
high speed muscle fibers which will decrease vlamax, a biomarker for maximal lactate
production rate [20]. Time at high vo2malues during HIIT are considered good for aerobic
fitness developments and vo2max improvements [21, 22], but the low accumulated time at
high oxygen consumption by our runner give us a clue that high time at high vo2 values
may not be achievable with this time of HIIT, because in the jogging phase the oxygen



consumption goes rapidly down and a value above 90%Vo2max is achieved only for
seconds. This observation give us a hint that other then time at high vo2 values
mechanisms are involved in lactate profile improvements, for example, lactate, generated
from muscles can act as a signaling molecule. Lactate per se is not a cause of acidosis but
more a molecule required for exercise induced adaptations [23]. We speculate that if our
tested subject spend very low time at high vo2 values, his ATP was produced more from
anaerobic glycolysis and so we may conclude that a huge amount of generated lactate
during this crash hiit block may be responsible for the observed adaptations. We also belief
that the statement that a high time at a high vo2 value is optimal for aerobic adaptation
needs strong validation in large scale studies.

This study can provide exercise physiologists, athletes and coaches with useful hints how
performance in events where lactate profile plays a huge role can be improved short term,
this may be especially important as in elite performance sports as in health engineering.
We make a cautious assumption that low time spend at high vo2max values may lead to a
better lactate profile rather than vo2max improvements but further experiments are
needed. Additionally, lactate acts as a microbiome modulator, by increasing the amount of
Veillonella atypica in the gut. A high amount of Veillonella atypica was found in elite
endurance athletes and it is possible that a high amount of generated lactate during this
crash block may lead to improvements in lactate profiling [24]. in this study we did not
perform a microbiome analysis, our assumption is made for future researchers. Hormetic
response by reactive oxygen species (ROS) is one of the mechanisms of HIIT induced
exercise adaptations and antioxidant supplements blunts exercise response. Upregulation
of intracellular antioxidant defense systems happens in well trained athletes by HIIT [25]
and a more strong antioxidant defense may be responsible for plateaus in aerobic fitness
gains. A 5 HIIT crash block may lead to additional ROS production which may overcome this
defenses and lead to further hormetic response.

Conclusion

Short term HIIT crash block may lead to rapid and significant improvements in lactate
profiles in endurance runners which may translate to improved endurance running
performance. This strategy can be used as an urgent treatment option by running coaches,
exercise physiologists and performance engineers in case when the athletes lactate profile
is unsatisfying prior to a running competition. Further larger scale experiments and
mechanism-determining experiments are needed.



Contributions
Conception and design of the experiment: D. Varvanets

Preparation of the manuscript: D. Varvanets

Acknowledgements

None

Funding information

None

Data and Supplementary Material Accessibility

None

REFERENCES

[1]Jones, Andrew. (2006). The Physiology of the World Record Holder for the Women's
Marathon. International Journal of Sports Science & Coaching - INT J SPORTS SCI COACH. 1.
101-116. 10.1260/174795406777641258.

[2] Salas-Montoro JA, Mateo-March M, Sanchez-Mufioz C, Zabala M. Determination of
Second Lactate Threshold Using Near-infrared Spectroscopy in Elite Cyclists. Int | Sports
Med. 2022 Jan 12. doi: 10.1055/a-1738-0252. Epub ahead of print. PMID: 35021246.

[3] Robergs RA, Ghiasvand F, Parker D. Biochemistry of exercise-induced metabolic
acidosis. Am ] Physiol Regul Integr Comp Physiol. 2004 Sep;287(3):R502-16. doi:
10.1152/ajpregu.00114.2004. PMID: 15308499.

[4] Legaz Arrese A, Munguia Izquierdo D, Serveto Galindo JR. Physiological measures
associated with marathon running performance in high-level male and female
homogeneous groups. Int ] Sports Med. 2006 Apr;27(4):289-95. doi: 10.1055/s-2005-865628.
PMID: 16572371.

[5] Santos-Concejero, Jordan & Granados, Cristina & Irazusta, Jon & Bidaurrazaga-Letona,
Iraia & Zabala-Lili, Jon & Gil, Susana. (2013). Time to exhaustion at the onset of blood
lactate accumulation in runners of different athletic ability. Revista Brasileira de Medicina
do Esporte. 19. 297-302

[6] Kunutsor SK, Kurl S, Khan H, Zaccardi F, Laukkanen JA. Associations of cardiovascular
and all-cause mortality events with oxygen uptake at ventilatory threshold. Int ) Cardiol.



2017 Jun 1;236:444-450. doi: 10.1016/j.ijcard.2017.01.156. Epub 2017 Feb 10. PMID:
28209387.

[7] Midgley AW, McNaughton LR, Wilkinson M. Is there an optimal training intensity for
enhancing the maximal oxygen uptake of distance runners?: empirical research findings,
current opinions, physiological rationale and practical recommendations. Sports Med.
2006;36(2):117-32. doi: 10.2165/00007256-200636020-00003. PMID: 16464121.

[8] F. Evertsen, JI. Medbg, A. Bonen, Effect of training intensity on muscle lactate
transporters and lactate threshold of cross-country skiers., Acta Physiol Scand, volume 173,
issue 2, pages 195-205, Oct 2001, doi 10.1046/j.1365-201X.2001.00871.x, PMID 11683677
[9] A. Guellich, S. Seiler, Lactate profile changes in relation to training characteristics in
junior elite cyclists., Int ] Sports Physiol Perform, volume 5, issue 3, pages 316-27, Sep 2010,
PMID 20861522

[10] Mufioz I, Seiler S, Bautista J, Espafa J, Larumbe E, Esteve-Lanao J. Does polarized
training improve performance in recreational runners? Int ] Sports Physiol Perform. 2014
Mar;9(2):265-72. doi: 10.1123/ijspp.2012-0350. Epub 2013 May 22. PMID: 23752040.

[11]]). Helgerud, K. Hgydal, E. Wang, T. Karlsen, P. Berg, M. Bjerkaas, T. Simonsen, C.
Helgesen, N. Hjorth, Aerobic high-intensity intervals improve VO2max more than moderate
training., Med Sci Sports Exerc, volume 39, issue 4, pages 665-71, Apr 2007, doi
10.1249/mss.0b013e3180304570, PMID 17414804

[12] Seiler S, Jaranson K, Olesen BV, Hetlelid KJ. Adaptations to aerobic interval training:
interactive effects of exercise intensity and total work duration. Scand ] Med Sci Sports.
2013 Feb;23(1):74-83. doi: 10.1111/j.1600-0838.2011.01351.x. Epub 2011 Aug 3. PMID:
21812820.

[13] Li F, Wang R, Newton RU, Sutton D, ShiY, Ding H. Effects of complex training versus
heavy resistance training on neuromuscular adaptation, running economy and 5-km
performance in well-trained distance runners. Peer]. 2019;7:e6787. Published 2019 Apr 25.
doi:10.7717/peerj.6787

[14] Rennestad BR, Vikmoen O. A 11-day compressed overload and taper induces larger
physiological improvements than a normal taper in elite cyclists. Scand ] Med Sci Sports.
2019 Dec;29(12):1856-1865. doi: 10.1111/sms.13536. Epub 2019 Aug 29. PMID: 31410894.
[15] Breil FA, Weber SN, Koller S, Hoppeler H, Vogt M. Block training periodization in alpine
skiing: effects of 11-day HIT on VO2max and performance. Eur ] Appl Physiol. 2010
Aug;109(6):1077-86. doi: 10.1007/s00421-010-1455-1. Epub 2010 Apr 4. PMID: 20364385.

10



[16] Midgley AW, Mc Naughton LR. Time at or near VO2max during continuous and
intermittent running. A review with special reference to considerations for the optimisation
of training protocols to elicit the longest time at or near VO2max. | Sports Med Phys
Fitness. 2006 Mar;46(1):1-14. PMID: 16596093

[17] Wenger HA, Bell GJ. The interactions of intensity, frequency and duration of exercise
training in altering cardiorespiratory fitness. Sports Med. 1986 Sep-Oct;3(5):346-56. doi:
10.2165/00007256-198603050-00004. PMID: 3529283.

[18] Rennestad BR, Vikmoen O. A 11-day compressed overload and taper induces larger
physiological improvements than a normal taper in elite cyclists. Scand ] Med Sci Sports.
2019 Dec;29(12):1856-1865. doi: 10.1111/sms.13536. Epub 2019 Aug 29. PMID: 31410894.
[19] Skovgaard C, Brandt N, Pilegaard H, Bangsbo J. Combined speed endurance and
endurance exercise amplify the exercise-induced PGC-1a and PDK4 mRNA response in
trained human muscle. Physiol Rep. 2016;4(14):e12864. doi:10.14814/phy2.12864

[20] Hommel J, Ohmichen S, Rudolph UM, Hauser T, Schulz H. Effects of six-week sprint
interval or endurance training on calculated power in maximal lactate steady state. Biol
Sport. 2019;36(1):47-54. doi:10.5114/biolsport.2018.78906

[21] Wenger HA, Bell GJ. The interactions of intensity, frequency and duration of exercise
training in altering cardiorespiratory fitness. Sports Med. 1986 Sep-Oct;3(5):346-56. doi:
10.2165/00007256-198603050-00004. PMID: 3529283.

[22] Midgley AW, Mc Naughton LR. Time at or near VO2max during continuous and
intermittent running. A review with special reference to considerations for the optimisation
of training protocols to elicit the longest time at or near VO2max. J Sports Med Phys
Fitness. 2006 Mar;46(1):1-14. PMID: 16596093.

[23] Nalbandian M, Takeda M. Lactate as a Signaling Molecule That Regulates Exercise-
Induced Adaptations. Biology (Basel). 2016;5(4):38. Published 2016 Oct 8.
doi:10.3390/biology5040038

[24] Scheiman J, Luber JM, Chavkin TA, et al. Meta-omics analysis of elite athletes identifies
a performance-enhancing microbe that functions via lactate metabolism. Nat Med.
2019;25(7):1104-1109. doi:10.1038/s41591-019-0485-4

[25] Criswell D, Powers S, Dodd S, Lawler J, Edwards W, Renshler K, Grinton S. High intensity
training-induced changes in skeletal muscle antioxidant enzyme activity. Med Sci Sports
Exerc. 1993 Oct;25(10):1135-40. PMID: 8231758.

1"



