
Page 1/11

Relationship Between Exercise Intensity and IL-6
Increase During a Long-distance Running Race
Romain Jouffroy  (  romain.jouffroy@gmail.com )

Assistance Publique Hôpitaux de Paris https://orcid.org/0000-0003-2616-6132
Dany Anglicheau 

Assistance Publique Hopitaux de Paris: Assistance Publique - Hopitaux de Paris
Nicolas Mansencal 

Assistance Publique Hopitaux de Paris: Assistance Publique - Hopitaux de Paris
Jean François Toussaint 

Assistance Publique Hopitaux de Paris: Assistance Publique - Hopitaux de Paris
Juliana Antero 

Institute of Sports Medicine

Original Research Article

Keywords: running, long-distance, exercise, intensity, interleukin 6

Posted Date: February 25th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1350917/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1350917/v1
mailto:romain.jouffroy@gmail.com
https://orcid.org/0000-0003-2616-6132
https://doi.org/10.21203/rs.3.rs-1350917/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/11

Abstract
Objectives

IL-6 plasma concentration (IL-6PC) re�ects the systemic in�ammation related to the exercise intensity
level. This study aims to describe IL-6PC kinetic during a long-distance running.  

Methods

IL-6PC was measured in 20 male runners before (0 km), at each refreshment points (at 21 and 53 km i.e.,
k21 & k53) and at the end of an 80-km long-distance running (k80). IL-6PC variations (absolute and relative
values in each of the 3 sections (S)) were calculated over S1 [0-k21], S2 [k21-k53] and S3 [k53-k80] and
compared with the exercise intensity (duration*speed race), within each section.

Results

The average race speed decreases progressively: 9.9 ± 0.8 in S1, 7.0 ± 0.8 in S2 and 6.1 ± 0.8 km.h-1 in
S3. Mean IL-6PC increased during the running: 2.1 ± 0.6 ng.l-1 at 0 km, 21.0 ± 11.3 ng.l-1 at k21, 38.9 ±

13.0 ng.l-1 at k53 and 49.8 ± 11.9 ng.l-1 at k80. Exercise intensity increase between S1 (24.2 ± 0.5) - S2
(51.9 ± 3.2) (p=0.04) but not between S2 and S3 (67.4 ± 4.5) (p=0.69). A association was retrieved
between exercise intensity and IL-6PC at the end of each section: S1 (p=0.03), S2 (p=0.04) and S3 (p<10-

3). IL-6PC variation was associated with exercise intensity within S1 (p=0.03) and S2 (p=2.10-3) and
showed a least a trend within S3 (p=0.06).

Conclusion

IL-6PC increase occurs during the early stage of a long-distance running, is associated with the running
intensity and remains stable after intensity reduction related to speed running decrease.   

Introduction
The impact of moderate and regular physical activity on the primary prevention of at least 35 chronic
conditions (1) and on cardiovascular diseases is established (2). Its bene�cial effects are partly due to
the exercise anti-in�ammatory effect involving biological mediators among which are interleukins (IL) (3,
4).

Long-distance exercises, particularly running races, are gaining more popularity and are becoming
widespread all over the world (5, 6). Initially de�ned as a distance over 42 kilometres, to date a long-
distance running race is de�ned by a duration of at least 6 hours (7, 8).

Interleukin-6 (IL-6), one the most studied cytokine, is an in�ammatory cytokine playing a central role as a
mediator propagating the systemic in�ammatory response. IL-6 plasma concentration is associated and
predicts the risk of future cardiovascular events (9), especially atherosclerosis (10) and cardiovascular



Page 3/11

events (myocardial infarction and heart failure) (11) and death (9). Nevertheless, no causal association
between IL-6 plasma concentration and illness occurrence is, to date, clearly established.

IL-6 is released from the skeletal muscle cells into the blood related to metabolism and energy deprivation
(12). The IL-6 plasma concentration increases early, within 30 minutes, after acute intense exercise (13).
Thereafter, there is an increase in the IL-6 plasma concentration in an almost exponential manner (4)
reaching a peak at the end of the exercise before returning to pre-exercise plasma concentration within
the �rst 24 hours (14). During acute exercise, IL-6 has been particularly studied (15) in order to re�ect the
systemic in�ammation response. However, previous studies design assessed pre- and post-race IL-6
plasma concentration (16–19) not its kinetic during the race. Factors determining IL-6 plasma
concentration are mainly represented by exercise duration (15, 20–22) and exercise intensity (21, 23).
Exercise intensity may be indirectly represented by the muscle mass involved for running and/or by the
speed of the race (24–26). During a long-distance running race, because the running speed progressively
decrease due to tiredness, the exercise intensity varies, consequently the relationship between exercise
intensity and IL-6 plasma concentration is not linear. To date, to the best of our knowledge, no study
reports IL-6 kinetic during a long-distance running race.

This study aims to describe the IL-6 kinetic among runners during an 80 kilometres long-distance running
race and its relationship with the exercise intensity.

Methods
Twenty male participants of the 80-km Ecotrail of the Paris Ile-de-France© 2014 race (total climb of 1500
m) were prospectively included in the study. Three refreshment points were prede�ned by the race
organisation, respectively, at 21 kilometres, at 53 kilometres and at 80 kilometres. The race started at
noon. Throughout the race, participants had free access to food and water.

These 20 volunteers were electronically recruited before the start of the race using an announcement on
the race’s website (www.traildeparis.com).

Adult (age > 18 years), male gender, and completion of an ultra-endurance race (distance > 50 km) during
the previous 12 months were included.

Younger than 18 years old and/or female gender - in order to avoid the effects of unknown pregnancy -
and/or illness or injury within 1 month before the race and/or any medication and drug use within 3
months before the race were not included in the study.

All participants gave their written informed consent for participation before the start of the race.

Blood samples (1 ml) were collected before the race start (0 km), during the race at the end of each
section (21 km and 53 km) and immediately on the �nish line (80 km). Blood drawing required only a 1-
minute stop. Blood samples were drawn by a nurse, collected and immediately stored on ice and sent to a

http://www.traildeparis.com/
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hospital in Paris to be analysed later. IL-6 plasma concentration was measured by the immuno-
chemiluminescence method (Roche Diagnostics©).

The 3 refreshment points (21, 53 and 80 km) allowed to de�ne 3 sections: section 1 (S1): 0 to 21
kilometres [0-k21], section 2 (S2): 21 to 53kilometres [k21-k53] and section 3 (S3): 53 to 80 kilometres [k53-
k80].

In order to assess exercise intensity, absolute and relative IL-6 plasma concentration variations were
calculated within each of the 3 sections and compared with the exercise intensity. The race intensity was
assessed by duration*speed race, within the same section respectively.

Continuous variables with a normal distribution are expressed by mean ± standard deviation (SD)
whereas continuous variables with a non-Gaussian distribution are expressed by median and interquartile
range [1st quartile – 3rd quartile]. Categorical data are expressed as absolute value and percentage.

Comparisons were performed using a Wilcoxon test. Statistical signi�cance was de�ned by a p value of
< 0.05. All analyses were performed using R 3.4.2© (http://www.R-project.org; the R Foundation for
Statistical Computing, Vienna, Austria).

The race’s organization committee, the French committee on public safety Paris Ile-de-France IV approved
the protocol (Reference: 2014/07) and from the National Heart Agency (Number EudraCT: 2014-A00205-
42) on 2014 March 14th .

Results
On 2014 March 14th, the day of the race, the weather was clear (no rain), and the temperature was 14
degrees Celsius.

All subjects were trained with a training mean time of 5 ± 3 hours per week for the last 12 months,
corresponding to 46 ± 18 km per week.

The demographic characteristics of the volunteers are summarized in Table 1.



Page 5/11

Table 1
Characteristics of the runners. Data are

expressed as mean ± standard deviation (SD).
Parameter  

Age (years) 43 ± 7

Body weight (kg) 74 ± 8

Height (cm) 176 ± 7

Body mass index (kg.m− 2) 23.7 ± 2.3

Weekly covered distance (km) 46 ± 18

Weekly training duration (hours) 5 ± 3

Trial experience (years) 6 ± 4

Number of trails per year 5 ± 3

 
None of the subjects reported having run or played any sport in the 2 days prior to the race.

No subject declared any medication or drug use in the previous 3 months, and none reported illness
within 1 month before the race.

All subjects were examined and bene�ted from blood sample drawing at the end of each section. All
subjects reached the �nish line.

The mean race duration was 668 ± 60 (minimum = 549; maximum = 762) minutes.

The average race speed was 7.3 ± 0.7 (minimum = 6.3; maximum = 8.8) km.h− 1 but progressively
decreased along the 3 sections from S1 to S3: 9.9 ± 0.8 in S1, 7.0 ± 0.8 in S2 and 6.1 ± 0.8 km.h− 1 in S3
(Table 2 and Fig. 1).



Page 6/11

Table 2
Values of IL-6 PC, speed race within section, IL-6 plasma concentration variation between sections. Data

are expressed as mean ± SD.
Parameter S1 S2 S3

IL6-PC (ng.l− 1) [N < 7.5] 21.0 ± 11.3 38.9 ± 13.0* 49.8 ± 11.9*

Speed race (km.h− 1) 9.9 ± 0.8 7.0 ± 0.8* 6.1 ± 0.8*

Exercise intensity 24.2 ± 0.5 51.9 ± 3.2* 67.4 ± 4.5*

IL-6 PC variation between sections (ng.l− 1) 21.0 ± 11.3 17.9 ± 15.2* 10.9 ± 13.9

Legend: IL6-PC = interleukin 6 plasma concentration. S1: section 1 from 0 to 21 kilometres, S2:
section 2 from 21 to 53 kilometres and S3: section 3 from 53 to 80 kilometres.

Values into brackets refer to normal range.

* means signi�cant difference vs S1 (p < 0.05)

 

Mean IL-6 plasma concentration signi�cantly increased, reaching its maximal value in the last race
section: 2.1 ± 0.6 ng.l− 1 before the race, 21.0 ± 11.3 ng.l− 1 at k21, 38.9 ± 13.0 ng.l− 1 at k53 and 49.8 ± 11.9

ng.l− 1 at k80 (Fig. 1).

Exercise intensity (speed*duration) signi�cantly increase between S1 (24.2 ± 0.5) and S2 (51.9 ± 3.2) (p = 
0.04) but not between S2 and S3 (67.4 ± 4.5) (p = 0.69) (Table 2).

IL-6 plasma concentration variation signi�cantly differs between S1 (21.0 ± 11.3 ng.l− 1) & S2 (17.9 ± 15.2
ng.l− 1) (p = 0.01) but not between S2 & S3 (10.9 ± 13.9 ng.l− 1) (p = 0.21) and S1 & S3 (p = 0.19) sections.

A signi�cant association was retrieved between exercise intensity and IL-6 plasma concentration at the
end of each section: S1 (p = 0.03), S2 (p = 0.04) and S3 (p < 10− 3).

IL-6 plasma concentration variation was signi�cantly associated with exercise intensity within S1 (p = 
0.03) and S2 (p = 2.10− 3) but not within S3 (p = 0.06).

Discussion
During a long-distance running race, we observed a signi�cant IL-6 plasma concentration increase
signi�cantly associated with the running race intensity. IL-6 increase during a long running race occurs
during the early stage of the race and remains stable after intensity reduction related to speed race
running decrease.

To the best our knowledge, this study is the �rst to assess the evolution of IL-6 plasma concentration
indexed by exercise intensity.



Page 7/11

Interleukin-6 (IL-6) is one of the most studied cytokine (15), is an in�ammatory cytokine propagating the
systemic in�ammatory response after released from the skeletal muscle cells into the blood in order to
related to meet energy deprivation (12). Previous studies reported that after an early concentration
increase (4, 13), IL-6 plasma concentration reaches a peak at the end of the exercise (4) before returning
to pre-exercise plasma concentration within the �rst 24 hours (14). Nevertheless, the relationship between
IL-6 plasma concentration and intensity during the exercise intensity was never explored because of
methodological approaches - previous studies design assessed pre- and post-race IL-6 plasma
concentration (16–19).

Exercise duration (15, 20–22) and intensity (21, 23) are the main factors determining IL-6 plasma
concentration. Because during a long-distance running race, the running speed progressively decrease
due to tiredness, the exercise intensity also decreases suggesting that the relationship between exercise
intensity and IL-6 plasma concentration is not linear. We could suppose that the reduction of the speed
race running mainly explain the negative relationship between IL-6 and intensity. Moreover, this
assumption is supported by the constant muscle mass involved for running explaining that IL-6 plasma
concentration also more in�uenced by the speed of the race than by the race duration (24–26). Because
individual innate and acquired characteristics in�uence IL-6 plasma concentration at rest as well as in
response to exercise (15, 27–30), we choose to assess the variation between section, each volunteer
being considered as its own control. Moreover, because the length of the race, IL-6 plasma concentration
was indexed on the corresponding speed for each section.

Our results are consistent with previous studies reporting the IL-6 plasma concentration increase with
exercise duration (15, 31, 32) and return to baseline after the end of the exercise (13, 14, 33). For running,
the ability to maintain speed depends on the muscle mass of the limbs involved (34, 35). The relatively
lower values of plasma IL-6 concentration observed in our study compared to previous studies could be
explained by the fact that for long distance running, a smaller muscle mass seems to be more e�cient, in
contrast to short distance running requiring higher explosiveness (24–26).

There are strengths and limitations with the current study. This is a small sample size study. Food and
drink intakes were not standardised between all volunteers and may partly contribute to the IL-6 plasma
concentration. Only male volunteers were involved in the study; thus, we cannot extrapolate the results to
the female gender. We cannot exclude that the participants involved in the current study do not have an
“extra-normal” level of the underlying in�ammatory state and/or a moderate response (28), related to
their frequent practice of long-distance exercises suggesting a potential adaptation of the organism to
the intensity of long-term running practice. We cannot exclude that participants had unknown illnesses, or
injury in�uencing baseline of IL-6 plasma concentration and/or modulating the host response. Due to the
study design, we are not able to determine whether the participants reached their maximal performances.
The methodological design does not allow any causal conclusion between long-distance race exercise
and IL-6 increase. This study reports an IL-6 plasma concentration increase without being able to
determine its origin(s): blood and/or muscle and/or neuronal and/or adipocyte cells. In addition we
de�ned intensity by speed * race duration; nevertheless, intensity de�nition is not consensual (20, 21, 36).
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Despite these limitations, this study is the �rst to assess the IL-6 plasma concentration and its variation
indexed on intensity during a long-distance race observing a peak on IL-6 increase not reported after
intensity indexation. The early IL-6 plasma concentration peak may be related to speed and we can
suppose that the intensity decrease re�ected by speed race decrease may be related to a decrease in the
sympathetic reserve, associated with a progressive heart rate decrease, and a speed decrease, which, in
long-distance race, tending towards a limit value, depending on the maximum catabolic rate of the
organism (37).

Conclusion
A signi�cant IL-6 plasma concentration increase occurs during the early stage of a long-distance running
race. This escalation remains stable after intensity reduction related to speed race running decrease.
Further studies are needed to con�rm these preliminary results and their signi�cance on health.

Declarations
* Ethics approval and consent to participate: French committee on public safety Paris Ile-de-France IV
approved the protocol (Reference: 2014/07) and from the National Heart Agency (Number EudraCT:
2014-A00205-42) on 2014 March 14th

* Consent for publication: All participants gave their written informed consent for participation before the
start of the race.

* Availability of data and materials: Data are available on reasonable request.

* Competing interests: The authors declare that they have no competing interests

* Funding: none

* Authors' contributions: Study concept and design: RJ, acquisition of data: RJ, analysis and
interpretation of data: RJ, JFT, drafting of the manuscript: RJ, JA, critical revision of the manuscript for
important intellectual content: RJ, JA, JFT, DA, NM. 

All authors read and approved the �nal manuscript.

* Acknowledgements: none

References
1. Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of chronic diseases. Compr

Physiol. 2012;2(2):1143-211.

2. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as therapy in 26
different chronic diseases. Scand J Med Sci Sports. 2015;25 Suppl 3:1-72.



Page 9/11

3. Munoz-Canoves P, Scheele C, Pedersen BK, Serrano AL. Interleukin-6 myokine signaling in skeletal
muscle: a double-edged sword? FEBS J. 2013;280(17):4131-48.

4. Pedersen BK. Anti-in�ammatory effects of exercise: role in diabetes and cardiovascular disease. Eur
J Clin Invest. 2017;47(8):600-11.

5. Cejka N, Rust CA, Lepers R, Onywera V, Rosemann T, Knechtle B. Participation and performance
trends in 100-km ultra-marathons worldwide. J Sports Sci. 2014;32(4):354-66.

�. Scheer V. Participation Trends of Ultra Endurance Events. Sports Med Arthrosc Rev. 2019;27(1):3-7.

7. da Fonseca-Engelhardt K, Knechtle B, Rust CA, Knechtle P, Lepers R, Rosemann T. Participation and
performance trends in ultra-endurance running races under extreme conditions - 'Spartathlon' versus
'Badwater'. Extrem Physiol Med. 2013;2(1):15.

�. Zaryski C, Smith DJ. Training principles and issues for ultra-endurance athletes. Curr Sports Med
Rep. 2005;4(3):165-70.

9. Held C, White HD, Stewart RAH, Budaj A, Cannon CP, Hochman JS, et al. In�ammatory Biomarkers
Interleukin-6 and C-Reactive Protein and Outcomes in Stable Coronary Heart Disease: Experiences
From the STABILITY (Stabilization of Atherosclerotic Plaque by Initiation of Darapladib Therapy)
Trial. J Am Heart Assoc. 2017;6(10).

10. Libby P. In�ammation in atherosclerosis. Arterioscler Thromb Vasc Biol. 2012;32(9):2045-51.

11. Hartman J, Frishman WH. In�ammation and atherosclerosis: a review of the role of interleukin-6 in
the development of atherosclerosis and the potential for targeted drug therapy. Cardiol Rev.
2014;22(3):147-51.

12. Lancaster GI, Febbraio MA. Skeletal muscle: not simply an organ for locomotion and energy storage.
J Physiol. 2009;587(3):509-10.

13. Ostrowski K, Hermann C, Bangash A, Schjerling P, Nielsen JN, Pedersen BK. A trauma-like elevation of
plasma cytokines in humans in response to treadmill running. J Physiol. 1998;513 ( Pt 3):889-94.

14. Reihmane D, Jurka A, Tretjakovs P, Dela F. Increase in IL-6, TNF-alpha, and MMP-9, but not sICAM-1,
concentrations depends on exercise duration. Eur J Appl Physiol. 2013;113(4):851-8.

15. Fischer CP. Interleukin-6 in acute exercise and training: what is the biological relevance? Exerc
Immunol Rev. 2006;12:6-33.

1�. Howatson G, McHugh MP, Hill JA, Brouner J, Jewell AP, van Someren KA, et al. In�uence of tart cherry
juice on indices of recovery following marathon running. Scand J Med Sci Sports. 2010;20(6):843-
52.

17. Laupheimer MW, Perry M, Benton S, Malliaras P, Maffulli N. Resveratrol exerts no effect on
in�ammatory response and delayed onset muscle soreness after a marathon in male athletes.: A
randomised, double-blind, placebo-controlled pilot feasibility study. Transl Med UniSa. 2014;10:38-
42.

1�. Scheer V, Tiller NB, Doutreleau S, Khodaee M, Knechtle B, Pasternak A, et al. Potential Long-Term
Health Problems Associated with Ultra-Endurance Running: A Narrative Review. Sports Med. 2021.



Page 10/11

19. Suzuki K, Nakaji S, Yamada M, Liu Q, Kurakake S, Okamura N, et al. Impact of a competitive
marathon race on systemic cytokine and neutrophil responses. Med Sci Sports Exerc.
2003;35(2):348-55.

20. Ostrowski K, Rohde T, Asp S, Schjerling P, Pedersen BK. Pro- and anti-in�ammatory cytokine balance
in strenuous exercise in humans. J Physiol. 1999;515 ( Pt 1):287-91.

21. Ostrowski K, Schjerling P, Pedersen BK. Physical activity and plasma interleukin-6 in humans--effect
of intensity of exercise. Eur J Appl Physiol. 2000;83(6):512-5.

22. Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Klarlund Pedersen B. Production of
interleukin-6 in contracting human skeletal muscles can account for the exercise-induced increase in
plasma interleukin-6. J Physiol. 2000;529 Pt 1:237-42.

23. Skinner S, Nader E, Stauffer E, Robert M, Boisson C, Cibiel A, et al. Differential impacts of trail and
ultra-trail running on cytokine pro�les: An observational study. Clin Hemorheol Microcirc. 2021.

24. Bergfors M, Barnekow-Bergkvist M, Kalezic N, Lyskov E, Eriksson JW. Short-term effects of repetitive
arm work and dynamic exercise on glucose metabolism and insulin sensitivity. Acta Physiol Scand.
2005;183(4):345-56.

25. Hirose L, Nosaka K, Newton M, Laveder A, Kano M, Peake J, et al. Changes in in�ammatory
mediators following eccentric exercise of the elbow �exors. Exerc Immunol Rev. 2004;10:75-90.

2�. Nosaka K, Clarkson PM. Changes in indicators of in�ammation after eccentric exercise of the elbow
�exors. Med Sci Sports Exerc. 1996;28(8):953-61.

27. Cesari M, Penninx BW, Pahor M, Lauretani F, Corsi AM, Rhys Williams G, et al. In�ammatory markers
and physical performance in older persons: the InCHIANTI study. J Gerontol A Biol Sci Med Sci.
2004;59(3):242-8.

2�. Colbert LH, Visser M, Simonsick EM, Tracy RP, Newman AB, Kritchevsky SB, et al. Physical activity,
exercise, and in�ammatory markers in older adults: �ndings from the Health, Aging and Body
Composition Study. J Am Geriatr Soc. 2004;52(7):1098-104.

29. Fischer CP, Berntsen A, Perstrup LB, Eskildsen P, Pedersen BK. Plasma levels of interleukin-6 and C-
reactive protein are associated with physical inactivity independent of obesity. Scand J Med Sci
Sports. 2007;17(5):580-7.

30. Panagiotakos DB, Pitsavos C, Chrysohoou C, Kavouras S, Stefanadis C, Study A. The associations
between leisure-time physical activity and in�ammatory and coagulation markers related to
cardiovascular disease: the ATTICA Study. Prev Med. 2005;40(4):432-7.

31. Comassi M, Vitolo E, Pratali L, Del Turco S, Dellanoce C, Rossi C, et al. Acute effects of different
degrees of ultra-endurance exercise on systemic in�ammatory responses. Intern Med J.
2015;45(1):74-9.

32. Wallberg L, Mikael Mattsson C, Enqvist JK, Ekblom B. Plasma IL-6 concentration during ultra-
endurance exercise. Eur J Appl Physiol. 2011;111(6):1081-8.

33. Fischer CP, Hiscock NJ, Penkowa M, Basu S, Vessby B, Kallner A, et al. Supplementation with
vitamins C and E inhibits the release of interleukin-6 from contracting human skeletal muscle. J



Page 11/11

Physiol. 2004;558(Pt 2):633-45.

34. Dennis SC, Noakes TD. Advantages of a smaller bodymass in humans when distance-running in
warm, humid conditions. Eur J Appl Physiol Occup Physiol. 1999;79(3):280-4.

35. Sedeaud A, Marc A, Marck A, Dor F, Schipman J, Dorsey M, et al. BMI, a performance parameter for
speed improvement. PLoS One. 2014;9(2):e90183.

3�. Hiilloskorpi HK, Pasanen ME, Fogelholm MG, Laukkanen RM, Manttari AT. Use of heart rate to predict
energy expenditure from low to high activity levels. Int J Sports Med. 2003;24(5):332-6.

37. Thurber C, Dugas LR, Ocobock C, Carlson B, Speakman JR, Pontzer H. Extreme events reveal an
alimentary limit on sustained maximal human energy expenditure. Sci Adv. 2019;5(6):eaaw0341.

Figures

Figure 1

Evolution of speed race, intensity, IL-6 absolute and relative variations among the different sections.


