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Ethical considerations and personal data processing is required by the The Swedish School of 

Sport and Health Sciences (Gymnastik- och Idrottshögskolan; GIH) to be included in a 

master thesis. However, it is not suitable for the manuscript and is instead included in this 

complementary document. 

 

Ethical considerations 

The ethical concerns in the present study was rather minor but still existent, there are both 

some physical concerns along with the sensors and venous blood, then some concerns when it 

comes to privacy and data confidentiality, along with long-term storage of plasma. Before 

participating in the study the athletes of the race was given information both verbally and in 

text and a consent form to read through thoroughly before signing (Appendix 1 and Appendix 

2).  

 

The research conducted during the One Water Race that was used in this study is separate 

from the race organization. That said, the race participants have signed up for the race itself 

knowing the risks such a race entails and have signed a consent form with the race 

organization for “participation at their own risk”. If the race participants showed interest in 



participating in the research project and signed up as participants we added the sensors and 

tests mentioned in the method section.  

 

There is a minor but nonzero risk when it comes to placing and wearing sensors and venous 

blood drawing; the athletes could get an infection, skin irritation, or discomfort at the sensor 

site. By carefully administered positioning of sensors and drawn blood we made sure to 

minimize these risks. None of the sensor data or blood sample data could be tied to the 

research participants as individuals because all data was coded upon gathering. 

 

Even if the research project does not take any responsibility for the race, the OWR takes 

several precautions to minimize the risks involved in a race like this. Such as racing as a 

team, being connected to team members during swims, having a boat with the team during all 

swims, and having a non-racer runner follow the teams during runs and so on. All together 

the risks connected to ethical concerns are minimal and carefully taken into consideration. 

 

Personal Data Processing 

All data from the biosensors was continuously transferred to our safe research server. The 

transferred data from all individuals was coded as Team_X S_XXYY. The data from the 

blood samples was immediately stored locally in the field on a designated research computer 

and was then transferred to the research server after the race was over. After the race all 

plasma- and serum tests were transferred to the Biobank at The Swedish School of Sport and 

Health Sciences and was stored there until analysis. After analysis, the data was transferred to 

the research server for further analysis and storage. All the data generated in this study was 



coded and could not at any point be connected to individual participants. The Swedish School 

of Sport and Health Sciences has a server service for storing and archiving research data. This 

study has been giving a specific spot on that server to which only certain researchers have 

access to.  

 

The gathered data that was stored locally during the race was deleted after it had been 

transferred to the safe research server. Blood samples was stored in the Biobank until the 

project ends on 2025-12-31. 

 

Additional Figures 

Due to data loss we were unable to use heart rate data in the analysis and instead reported 

observed ranges to give a picture of where the heart rate averaged during different periods of 

the race. These observed trends came from two figures that can be found in Appendix 3.  
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Purpose: This study investigated how blood glucose and ketone regulation relate to 
performance outcome and physiological and immune responses during a demanding ultra-
endurance race.  

 

Method: 19 of the athletes (7 women, 12 men) who participated in the 250 kilometer swim 
and running race called One Water Race were monitored using continuous glucose monitors 
(CGM), continuous ketone monitors (CKM), Oura™ ring, and pre- and post-race blood 
samples. The data from each variable were compared along with data from finishers versus 
non-finishers (DNF).  

 

Results: On average finishers spent more time in the hyperglycemic range (>7.8 mmol/L) 
and ketosis (>0.5 mmol/L) (p>0.05). A significant inverse correlation was found between 
hyperglycemia and time in ketosis (p<0.05). A more prominent immune response was 
evident among finishers, which exhibited greater neutrophil increases and lymphocyte 
decreases (p<0.05). Higher glucose variability and time spent outside of the target blood 



glucose range (3.9-7.8mmol/L) were associated with lower monocyte and basophil counts 
(p<0.05). Pre-race nighttime temperature deviation was significantly lower among finishers 
(p<0.05). 

 

Conclusion: The results indicate that a better glycemic control, higher fat metabolism, and a 
more prominent immune response is associated with finishing a demanding ultra-endurance 
race such as the OWR. Continuous metabolic monitoring offers novel insights into the 
physiological responses when athletes are pushing themselves towards their limit.  

 

Keywords: Glucose monitoring, ketone bodies, wearable sensors, immune response, ultra-
endurance athletes, recovery physiology 

 

  



INTRODUCTION 

Over the past decades, the participation in ultra-endurance events has increased.1 Unlike 

traditional sub six-hour endurance events, ultra-endurance races are characterized by lower 

intensities but extended durations, influenced by factors such as nutrition, sleep deprivation, 

and environmental stressors.2,3,4 As people’s interest in testing physical and mental boundaries 

in these long distance endurance races increases, we have a unique opportunity to study 

human resilience and adaptation under extreme physical and psychological stress. Despite this 

increased participation and interest, ultra endurance racing is in general understudied 

compared to sub six-hour endurance events. 

 

When it comes to long distance running, many studies have focused on elite marathon runners 

and their physiological responses during racing.5 There is comparably little research done on 

extreme long-distance running. Continuous glucose monitors (CGMs) are now increasingly 

used to study metabolic regulation, though further research is needed to understand their 

potential for improving performance.6 The increased use of CGM has highlighted that athletes 

experience both hyper- and hypoglycemic episodes during physical activity and recovery.7 

Recent advances include continuous ketone monitors (CKMs), although they are not yet 

commonly used during races. CGMs and CKMs allow for real-time tracking of glucose and 

ketone levels in interstitial fluid, providing non-invasive, continuous metabolic data.7,8 The 

novel CKMs provide a unique opportunity for anyone who is wanting to examine their 

metabolic regulation.8  Using these sensors along with other more commonly used trackers 

such as heart rate and body temperature monitors allows us to examine how these metabolic 

regulations interact with performance metrics interchangeably during a race.  



Glucose provides fast energy for the body during exercise, while ketones, produced during 

states of low glycogen stores, come into play as an alternative fat-derived energy source 

during exercise and tend to stay elevated even after exercise.9  Being in a state of ketosis is a 

common occurrence during prolonged physical activity, one study found that all athletes of a 

multi-day ultra-running event were in a state of ketosis after two days of racing.10 Eventually 

the glycogen stores deplete and the body becomes more reliant on fat oxidation along with 

ketones. An increased reliance on fat metabolism is associated with a temporary reduction in 

insulin sensitivity, resulting in glucose to be less efficiently taken up from the blood stream 

leading to a more fluctuating blood glucose level.9,11 

 

Keeping the blood glucose in homeostasis during racing can be crucial to performance as 

preventing hypoglycemic episodes may be linked to better performance in ultra-endurance 

races.12 CGMs can personalize nutrition intake and help athletes maintain a steadier blood 

glucose level during long-distance running, as suggested by a study comparing glucose 

control and carbohydrate intake during an ultra-running event.13 Additionally, post ultra-

endurance-race hyperglycemic episodes have been observed in a recent study, possibly due to 

inflammatory responses and physiological stress.14 Conflictingly to previously mentioned 

studies, this study found no relationship between race performance and glucose metrics.14 

 

Blood glucose stability has been seen to influence immune function during prolonged 

physical activity.15 In addition, post-exercise, there is an 'open window' of increased infection 

risk, marked by higher neutrophil and monocyte counts and lower lymphocyte counts.16  Also, 

running an ultramarathon in extreme conditions can result in an increased susceptibility to 

infections, this is believed to be due to the immune system’s response to acute inflammation 



and muscle damage that happens during ultra-endurance events.17 While these insights come 

from various studies, the question remains: how do these physiological responses interact 

under the extreme and multifactorial demands of ultra-endurance events? 

 

Accordingly, the aim of this study was to investigate the role of blood glucose and ketone 

regulation in performance and immediate post-race response during ultra-endurance racing. 

Specifically, we examined the interaction between glucose control, ketone levels, and pre- and 

post-race physiological outcomes, including sleep quality, resting heart rate, and immune 

function. We have analyzed data collected during the One Water Race (OWR) using a CGM, 

a CKM, along with an Oura™ ring and blood samples from the athletes. To our knowledge, 

this is the first study to simultaneously use CGM and CKM technology in a multi-day ultra-

endurance event, providing continuous metabolic insights previously not possible.  

 

The OWR provides an interesting event to study, spanning over 250 kilometers with both 

running and swimming segments, along with the environmental challenges presented by 

temperature fluctuations and continuous time cut-offs resulting in the lack of rest periods. It is 

an extremely challenging multi-day endurance event where finishing is not a certainty as the 

demanding nature of the race allows for only the best prepared and experienced athletes to 

finish. These demanding conditions make OWR a unique natural laboratory for studying the 

body’s metabolic resilience under continuous physical, environmental, and psychological 

stress.  

 

 



The primary research questions guiding this study are:  

1) How do fluctuations in blood glucose levels affect performance during a multi-day ultra-

endurance race?   

2) How do blood glucose and ketone levels interact during continuous, prolonged physical 

activity?  

3) What is the relationship between glucose control and post-race physiological outcomes, 

including sleep quality, heart rate recovery, and immune function?  

 

By addressing these questions, we aim to advance the understanding of metabolic regulation 

in ultra-endurance sports. However, given the limited existing research in this area, we have a 

hypothesis-generating approach to identify emerging patterns and aid the development of 

hypothesis-driven studies in the future. This study hopes to shed light on the metabolic factors 

that influence success in ultra-endurance events and contribute to the growing body of 

knowledge regarding the interplay between performance and recovery in extreme endurance 

conditions that tests the limits of human capacity.   



METHOD  

The data collection for this study was a part of a bigger research project led by the Swedish 

School of Sport and Health Sciences. For the purpose of this study only part of the data 

collected was used to answer the specified research questions. However, below the full 

method of data collection is presented for clarity and transparency. The study was approved 

by the Swedish Ethical Review Board (Reference no. 2024-03680-01) and participants 

provided written informed consent. 

  

Sample 

The data was collected during a one-week time frame right before, during and after One 

Water Race between the 20th and 22nd of August in 2024, starting at the pre-camp in Arholma 

and moving along the course to the finish line Landsort (Sweden). The collection of data took 

place in three phases. All 21 athletes that participated in terms of swimming and running the 

course, not the supporting team members (each team had one supporting team member), were 

asked if they wanted to participate in this study. The athletes were given information both 

verbally and in writing and had to fill out a health declaration if they wanted to participate. 19 

of the contestants decided to participate in the study and provided their oral and written 

consent. Out of these 19 research participants 7 were female and 12 males, averaging 38 years 

old (+/- 5.5 years). The women were on average 172.5cm tall (+/- 4.9cm) weighing 65kg (+/- 

3.7kg) and the men were on average 181cm tall (+/-5.6cm) weighing 78.5kg (+/-5.9kg). 

 

 

 



Procedure 

Phase 1. The day before the start of the race, different tests were conducted, and biosensors 

were placed. Then 20ml of venous blood was collected with a 20-gauge 

polytetrafluoroethylene catheter. Immediately after testing, 100µl blood was analyzed for a 

complete blood count using an automated system (OLO, Sight Diagnostics) (An artificial 

intelligence-assisted diagnostic platform for rapid near-patient hematology). The remaining 

blood was centrifuged to obtain plasma and serum which was stored in -20 ºC until it was 

transferred to a -80 ºC biobank. Finally, four different biosensors were placed on the 

participants bodies. 1. An Oura™ ring was placed on one of the tree middle fingers. 2. A 

continuous ketone sensor (from SiBio which gives a value every five minutes) was placed on 

the abdomen with a microneedle and tape. 3. A continuous glucose sensor (from SiBio which 

gives a value every five minutes) was placed on the abdomen with a microneedle and tape. 4. 

Positioning and speed were monitored by a MiniFinder GPS tracker, placed on one team 

member just before the race. The total time for Phase 1 was designed to take the athletes one 

hour so as not to impact their race preparations.  

 

Phase 2. This phase contained the race and no new tests were conducted. Each team consisted 

of four members where three were continuously racing and the fourth assisted the other three 

from a boat. The assisting team members were able to provide the other team members with 

their own selected nutrition and navigational advice on shorelines and during swims, however 

race participants are never to touch the boat during swims. The rules during the race are that 

all team members need to reach all course checkpoints in order and cannot fall behind the 

leading team with more than eight hours along with a course finishing cut off time of 60 

hours. During the race, sensors could be switched out at certain checkpoints if they were 



malfunctioning. Along the whole course the athletes were remotely monitored from a mobile 

competition laboratory set up on a ship that was following the course.  

 

During the race all teams carried a mobile unit that received signals from the biosensors. The 

data from the biosensors were transferred every minute via 5G to a safe online server. The 

data from each individual was coded as Team_X S_XXYY.  

 

Phase 3. This phase consisted of the tests completed shortly after the teams either pulled out 

of or finished the race. Because of the various places along the course that the teams stopped 

racing these tests took place either at the mobile race laboratory or by the finish line. The tests 

were the same as during Phase 1 but instead of applying the sensors they are removed, except 

for the Oura™ ring which was kept on for 48 hours after finishing to be able to collect 

recovery data. 

 

Post Data Collection 

All bio sensor data was sent to the research server continuously. The data was later processed 

through data filtering, synchronized with exercise modality and race performance, total load 

calculations and correlative statistics. The data from complete blood count and cognitive 

function testing was immediately digitally stored after testing for later analysis.  

The frozen plasma and serum collected during the race was transferred to the -80 ºC Biobank 

at the Swedish School of Sport and Health Sciences where it was stored until analysis.  

 



Data Analysis  

There was some data loss due to signal loss and sensor loss in some athletes. For the purpose 

of this study, we have used the data that we have for each participant even if some have 

glucose or ketone data missing from a certain amount of time of the race. Due to issues 

retaining the data from the CKM platform, the complete data set with continuous data has not 

been able to be used in any analysis. If an participant had complete ketone data missing, they 

were excluded completely from the analyses that included the ketone data. The data was 

imported to excel and organized, calculated for averages, percentage of time low, high, time 

in range and variability. Low was determined as a blood glucose level < 3.9 mmol/L and high 

as > 7.8 mmol/L, the sensor company provided these ranges. In terms of ketones, we used 

time above 0.05 mmol/L as a marker for ketosis and then looked at peak ketone levels.  

 

Descriptive statistics were used to summarize participant characteristics and physiological and 

metabolic variables. The data was presented as means with standard deviations, the aim of the 

descriptive statistics was to describe patterns rather than testing hypotheses. Independent-

samples t-tests compared group differences in terms of race outcome on the data from glucose 

and ketone sensors along with blood metrics and the Oura™ ring. Pearson correlation 

coefficients were calculated to assess relationships between metabolic, immune, and 

performance metrics. A significance level of p < 0.05 was used throughout. No correction for 

multiple comparisons was applied due to the exploratory nature of the study. All analyses 

were performed in GraphPad Prism. Full data set is not publicly available due to privacy 

concerns because of the small sample size. 

 

  



RESULTS 

Out of the 19 study participants, 7 athletes finished the race and 12 did not finish (DNF), 

resulting in a completion rate of 37%. Two additional athletes who finished the race chose not 

to participate in the study, leading to an overall finishing rate of 43%. There was a 20 hour 

difference in race time between finishers that spent on average 53.9 hours (+/- 2.9) and DNF 

athletes that spent on average 33.6 hours (+/- 3.5) on the course. Athletes total energy 

expenditure averaged around 10 000 kcal for all athletes on the first day of racing and 

remained close to that level during the second day of racing for finishers but dropped to below 

6000 kcal for DNF athletes (Figure 1). Although full HR data could not be analyzed, visual 

inspection suggested a downward trend with a range of 140-160 bpm in the first five hours, 

then dropping to about 120-140 bpm in the second five hours, after which we they remained 

around 100-120 bpm for the remainder of the race.   

 

 

 

 

 

 

 

 

Table 1 – Mean, standard deviation, and p-level for blood glucose variables in DNF athletes and finishers. N = 19.  

Variables DNF Finish p 
High % time above 7.8mmol/L  8.56 +/- 6.35 15.33 +/-10.34 0.180 
% time in target range  86.21 +/- 6.07 79.17 +/- 11.22 0.192 
Low % time below 3.9mmol/L  5.23 +/- 5.50 2.97 +/- 3.07 0.865 
Average mmol/L 5.81 +/- 0.41 6.14 +/- 0.41 0.133 
Variability % 20.80 +/- 2.44 23.60 +/- 5.08 0.241 

Figure 1 – Total energy expenditure for the three days of One Water Race among all athletes grouped as 
DNF athletes and Finisher. Boxplots show median (line), interquartile range (box), range (whiskers), 
individual outliers (dots), and mean (×). Y-axis = kcal. N = 19.  
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Blood Glucose and Race Performance 

Continuous glucose monitor (CGM) data coverage averaged 85% for DNF athletes and 64% 

for finishers. Gaps in CGM data were primarily due to sensors falling off or being removed 

due to discomfort. Two finishers had missing raw CGM data due to export issues; however, 

their average glucose values, variability, and time spent in glucose zones were retained and 

used in the analysis.  

 

Athletes generally experienced both hyperglycemia (>7.8 mmol/L) and hypoglycemia (<3.9 

mmol/L) during the race, with only one DNF athlete never entering both zones. The athlete’s 

hourly averages show the variations that can be seen during a race with mainly the higher 

values evident during the beginning of the race (Figure 2 and Figure 3). Overall, athletes spent 

more time in the hyperglycemic range than the hypoglycemic range, but still the most time in 

target range (Table 1). Finishers spent a greater amount of time in the high glucose range 

compared to DNF athletes, whereas DNF athletes spent more time in the low range. Mean 

average glucose levels were slightly higher among finishers (6.1 ± 0.41 mmol/L) compared to 

DNF athletes (5.8 ± 0.41 mmol/L). A t-test where glucose variables among finishers and DNF 

athletes were compared showed that the differences between the groups were not statistically 

significant (p>0.05). 

 

 



  

Figure 2 – Individual glucose curves for DNF athletes, averaged per hour of the race. Y-axis = blood glucose (mmol/L); X-axis = 

race hour. N = 12. 

 

 

 

Figure 3 – Individual glucose curves for finishing athletes, averaged per hour of the race. Y-axis = mmol/L, X-axis = race 

hour. N = 7. 
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Interaction Between Blood Glucose and Ketone Levels During Racing  

CKM data coverage averaged 76% for DNF athletes and 61% for finishers. Three athletes 

(two DNF, one finisher) had no ketone data and were excluded from all analyses involving 

ketone variables. The data from the sensors that could be retained was individual time with 

ketone levels above 0.5 mmol/L and peak ketones (Figure 4 and Figure 5). All finishers and 

all but one DNF athlete reached ketone levels above 0.5 mmol/L during the race. Finishers 

spent more time above 0.5 mmol/L compared to DNF athletes (p = 0.3810). Peak ketone 

levels were also higher in finishers compared to DNF athletes (p = 0.1869). 

 

Variable Pair Pearson r p 
Low % time below 3.9 Glucose vs Peak mmol/L ketone 0.158 0.543 
Low % time below 3.9 Glucose vs % time above 0.5 mmol/L 
ketone 

0.343 0.175 

Glucose Variability % vs Peak mmol/L ketone level -0.14 0.590 
Glucose Variability % vs % time above 0.5 ketone -0.151 0.562 
High % time above 7.8 Glucose vs Peak mM ketone -0.374 0.137 
High % time above 7.8 Glucose vs % time above 0.5 mmol/L 
ketone 

-0.290 0.032 

Table 2 – Result of correlation analysis between blood glucose variables and ketone variables. N = 17. 

Figure 4 - Average peak ketone level in mmol/L 
in finishing and DNF athletes. N = 17. 

Figure 5 - % of total time at a ketone level above 
0.5mmol/L in finishing and DNF athletes. N = 17. 

 



 

 

Figure 6 – Distribution of the data from the correlation between High % time above 7.8 Glucose vs % time above 0.5 
mmol/L ketone. N = 17. 

 

A correlation analysis between the glucose variables; glucose variability, time spent low, and 

time spent high, and the ketone variables time spent with a ketone level above 0.5 mmol/L 

and peak ketone levels found one statistically significant relationship (Table 2 and Figure 6). 

Athletes that spent more time with a high glucose level above 7.8 mmol/L spent less time with 

ketone levels above 0.5 mmol/L.  

 

Relationship Between Metabolic Regulation and Post-Race Physiological Outcomes 

Relative changes in blood cell counts were assessed between pre- and post-race blood 

samples. Finishers demonstrated some differences compared to DNF athletes with larger red 

cell loss (hemodilution), more favorable shifts in red cell indices and more significant 

immune cell shifts, suggesting different stress or inflammatory responses (Figure 7). In terms 

of red blood cells finishers had much larger drops in RBC (-15.9%), hemoglobin (Hgb) (-



14.4%), and hematocrit (Hct) (-14.8%) compared to DNF athletes (p<0.05). Mean corpuscular 

volume (MCV) (+1.4%) and mean corpuscular hemoglobin (MCH) (+1.7%) increased in 

finishers, while red cell distribution width decreased (RCDW) (-1.9%) (p<0.05).  

 

When it comes to the response more related to the immune system there were big shifts in 

both groups however significantly different when it came to certain blood cell counts. 

Neutrophil (NEUT) percentage of total WBC count increased more in finishers (+29.7%) 

compared to DNFs (+17.5%) (p<0.05). Lymphocyte (LYMPH) percentage of total WBC 

Figure 7 – Mean relative change per race outcome for all blood markers between pre- and post race blood tests. The 
blood markers including % is for % of total white blood counts of that blood marker, without % is absolute values. 
White Blood Cells (WBC), Red Blood Cells (RBC), Platelets (PLT), Hemoglobin (Hgb), Hematocrit (Hct), Mean 
Corpuscular Volume (MCV) Red Cell Distribution Width (RDW) MCH Mean Corpuscular Hemoglobin (MCH),  
Mean Corpuscular Hemoglobin Concentration (MCHC), Neutrophils (NEUT),  Lymphocytes (LYMPH), Monocytes 
(MONO), Eosinophils (EOS), Basophils (BASO). * indicates p<0.05. N = 19. 
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count dropped more in finishers (-49.9%) versus DNFs (-30.3%), and absolute LYMPH count 

decreased in finishers (-8.8%) but increased in DNFs (+31.2%) (p<0.05). Monocyte (MONO) 

count increased significantly more in DNFs (+141.9%) than in finishers (+89.4%) (p<0.05). 

In fact, basophils (BASO) dropped to zero in all finishers (-100%) compared to DNFs which 

only saw three athletes drop to zero (-30.6%) suggesting a larger impact on BASO to finish 

the race (p<0.05).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 – Correlation between glucose variables and change in blood markers between pre- and post race blood tests, 
figure 7A to 7L represent all the statisticially significant (p<0.05) results. The blood markers including % is for % of 
total white blood cell counts, without % is absolute values. White Blood Cells (WBC), Red Blood Cells (RBC), 
Hemoglobin (Hgb), Mean Corpuscular Volume (MCV), Neutrophils (NEUT), Monocytes (MONO). N = 19.  

 



Correlation analyses between all blood glucose variables and blood markers revealed twelve 

statistically significant associations (p<0.05) (Figure 8A-L). Those who spent more time 

within the target glucose range had a smaller change in percentage of MONO (Figure 8A) and 

in MCV (Figure 8B), but greater drop in RBC count (Figure 8C) and Hgb levels (Figure 8D). 

Athletes who spent less time with glucose levels below 3.9 mmol/L had significantly larger 

decrease in BASO percentages (Figure 8E) and absolute BASO counts (Figure 8F). Athletes 

who spent a greater percentage of time with glucose levels above 7.8 mmol/L had a larger 

drop both in MCV (Figure 8G) and in percentage of MONO (Figure 8H). Those with greater 

glucose variability also had larger drops in percentage of MONO (Figure 8I).  Lastly, higher 

average glucose levels were related to a smaller change in percentage of BASO (Figure 8J) 

and absolute BASO count (Figure 8K) along with a greater increase in MCV (Figure 8L). 

Variable DNF Finish p 
Temp dev. Pre -0.10 +/- 0.21 -0.46 +/- 0.26 0.016 
Temp dev. Post 0.66 +/- 0.48 1.38 +/- 0.95 0.122 
Sleep score Pre 72-9 +/- 7.58 75.7 +/- 8.40 0.511 
Sleep score Post 63.5 +/- 14.30 63.7 +/- 10.15 0.972 
Sleep HR Pre 53.0 +/- 5.5 51.6 +/- 4.3 0.574 
Sleep HR Post 67.9 +/- 4.9 68.8 +/- 8.6 0.833 
Sleep HRV Pre 64.0 +/- 30.9 88.0 +/- 52.3 0.332 
Sleep HRV Post 36.8 +/- 13.2 48.4 +/- 30.9 0.408 

Table 3 – Mean, standard deviation and p for Oura ring data. N = 19. 

 

Metrics Pearson r p 
Sleep Score Pre-Night 0.146 0.552 
Sleep Score Post-Night -0.095 0.699 
Temp Deviation Pre-Night -0.260 0.282 
Temp Deviation Post-Night 0.232 0.339 
Sleep HR Pre-Night -0.020 0.937 
Sleep HR Post-Night 0.177 0.468 
Sleep HRV Pre-Night -0.234 0.335 
Sleep HRV Post-Night -0.037 0.880 

Table 4 – Result of correlation analysis between Glucose Variability and Oura Data. N = 19. 

 



Pre-race sleep and physiological data obtained from the Oura™ ring showed some differences 

between finishing and DNF athletes. Some that stand out are night time temperature deviation 

and heart rate variability (HRV) before the race, where finishers had lower temperatures and a 

better HRV, there was however only a significant relationship between nighttime temperature 

deviation and failure to finish the race (p = 0.016) (Table 3). No significant associations were 

found between race outcome and other Oura™-derived metrics. Weak, non-significant trends 

were observed suggesting that worse HRV (r = -0.234, p = 0.3354) and greater nighttime 

temperature deviation (r = -0.260, p = 0.2817) prior to the race may be associated with 

increased glucose variability during the race (Table 4). 

 

 

 

 

  



DISCUSSION 

 

This study aimed to explore the relationship between blood glucose regulation, ketone levels, 

and physiological post-race response among athletes participating in the OWR ultra-

endurance race. By comparing finishers and DNF athletes along with all athletes’ metabolic 

response with the physiological response, we sought to identify metabolic and physiological 

markers that might differentiate performance outcomes and explain the physiological 

response to such a strenuous race. There are some potential metabolic and immunological 

response differences between the athletes that finish OWR compared to those who do not 

finish. Finishers spent more time in ketosis (> 0.5 mmol/L), along with more time in 

hyperglycemic range (> 7.8mmol/L) and had a lower post-race LYMPH and MONO count 

compared to DNF athletes. In terms of the research questions, these results give an indication 

that there could be a connection between glucose levels and race outcome along with a 

notable difference in immune response between finishers and DNF athletes. There was a weak 

trend when it came to the glucose and ketone interaction connected to performance, but higher 

ketones were also seen in finishers, showing that there was both higher ketones and glucose 

levels among finishers. In terms of the connection between blood glucose levels and immune 

response we saw a strong relationship between different glucose variables and several blood 

markers tied to the body’s immune system activation.   

 

Glucose Control and Race Outcome 

This study saw an indication that finishers spent more time with high blood glucose (> 7.8 

mmol/L) than DNF athletes and DNF athletes spent more time with a low blood glucose (< 

3.9 mmol/L) than finishers (p>0.05). Previous research has shown that performance can be 

impacted by episodes of low glucose and found a relationship between lower blood glucose 



levels and a slower race.12 Given the strict cut-off points in this race, it is possible that DNF 

athletes who experienced more frequent episodes of low blood glucose may have contributed 

to a slower overall pace ultimately leading the team to miss the required cut-offs. To further 

investigate this connection, it would be beneficial to put CGM data next to running pace in 

real time, which could have been done in our study but would have required major efforts in 

data handling that was out of scope for this study.  

 

In contrast, a study of a shorter race (156km) found no indication of glucose metrics affecting 

race performance, but found athletes had a higher risk of hyperglycemia in the (48h) post-race 

window.14 This notion of higher risk of hyperglycemia in the post activity window is also 

supported by other research and is due to the body’s reduced glucose tolerance and insulin 

sensitivity after prolonged exercise caused by elevated fat-metabolism.18  It is possible that 

during a long race like the OWR the body’s metabolic response causes the hyperglycemic 

episodes to happen even during the race. This could explain why the athletes that completed 

the entire distance had a higher glucose average and more time spent with higher blood 

glucose levels. At the same time, when looking at the individual glucose curves of finishers 

(Figure 2) one can see that several athletes spent more time high early in the race rather than 

later. Higher blood glucose levels early in the race may indicate well-managed nutrition from 

the start, which could provide additional insight into why the athletes who finished were able 

to do so. 

 

A potential development from this study would be to also record the athlete’s nutrition, even 

if it would be complicated given the setting of the OWR, this could allow us to see if blood 

glucose levels and race outcome has a correlation with their diet. During a 24 hours ultra-



running race, that looked at both nutrition and CGM data of 14 athletes, found no correlation 

between the CGM data and nutrition, but a moderate positive correlation between 

carbohydrate intakes prior to and during the race and running distance. Similar to our study, 

they also found average blood glucose levels to be higher during the beginning of the race.19 

Earlier research also demonstrates that pre-activity meal and timing of it has an effect on 

blood glucose levels during the beginning of the activity.20 Future research could explore 

athletes’ nutrition both before and during the race, as well as investigate more deeply the 

reasons behind elevated blood glucose levels in the early stages and its impact on 

performance. 

 

Previous studies referenced in this study were conducted on shorter and less complex ultra-

endurance events than the OWR. During the OWR, intensity level changes drastically over 

the course of the race due to aspects such as point of the race, terrain, time of day, 

environmental conditions, and transitions between swimming or running. These dynamic 

shifts in effort levels likely impacts energy substrate utilization over the course of the race. 

Higher intensity exercise increases the body’s reliance on glucose and glycogen stores, which 

can elevate blood glucose levels through an increased hepatic glucose output and 

catecholamine-driven responses.21 It is possible that the higher blood glucose levels earlier in 

the race is due to higher intensity levels during this phase. As glycogen stores become 

depleted and carbohydrate intake easily falls short of energy expenditure,19 athletes may 

become more susceptible to hypoglycemia, especially when shifts to higher intensity episodes 

occur later in the race. The continuous variation in intensity during the OWR produces 

additional stress that may disrupt glucose homeostasis. We were unable to collect complete 

data on intensity in this study, still, as previously stated in the results, there was a notable 

difference between heart rates in the first 10 hours of the race compared to later on. Analyzing 



heart rate and CGM data concurrently could deepen knowledge on how intensity levels 

modulate blood glucose responses throughout the race. 

 

Based on this study alone we cannot be certain if glucose homeostasis is a good predictor and 

condition among athletes that finish an ultra-race such as the OWR. However, to try and 

answer our research question, we can with our findings along with previous research conclude 

a strong indication that there is a relationship between blood glucose levels and performance, 

showing the importance for more research in the area looking into blood glucose levels, 

carbohydrate intake, substrate use, and intensity level.  

 

Glucose Control and Ketone Levels  

This study also aimed to explore how blood glucose and ketone levels interact during 

continuous and prolonged physical activity. We found that the OWR athletes that spent more 

time with a high blood glucose level spent less time in ketosis (p<0.05). This inverse 

relationship is most likely explained by the body’s response to higher blood glucose levels by 

increasing the insulin levels and inhibiting fat-metabolism and ketogenesis.22,23,24 These 

results somewhat differ from the ones we found when comparing finishers to DNF athletes, 

where finishers both spent more time with a high blood glucose level and time in ketosis. This 

suggest metabolic flexibility among the finishers, it is possible they are more adaptable to 

utilize both glucose and fat-derived fuels effectively under extreme conditions. 

 

When examining differences between ketone levels among finishers and DNF athletes, 

finishers had higher peak ketone levels and spent more time in ketosis (>0.5 mmol/L) than 



athletes who DNF (p>0.05). Competing in a state of ketosis may be inevitable during an ultra-

endurance event that lasts for several days even if carbohydrate intake is adequate.10 Since 

there was no correlation between low blood glucose levels and the ketone variables a likely 

explanation is that finishers were active, on average, 20 hours longer than non-finishers, 

naturally extending the period during which fat metabolism became predominant. When the 

carbohydrate availability is too low and the glycogen stores are depleted the body gets into a 

state where more ketones are produced.25 Ketones will be used as an energy substrate, 

however if intensity level goes very low as it may have during the later parts of the race, 

ketone levels can rise again.9 If we had found a correlation between low blood glucose levels 

and more time in ketosis, this could have been the explanation for the increased time spent in 

ketosis. However, in this case it seems more likely that this extended duration increased their 

time in the part of the race where fat metabolism becomes more prominent, thereby allowing 

more time for ketone accumulation and resulting in more time in ketosis along with higher 

peak levels.  

 

These elevated ketone levels could indicate superior fat metabolism capabilities among 

finishers. While it is well established that glycogen and carbohydrates are critical for high-

intensity efforts, endurance over longer durations relies more heavily on fat metabolism. 

Athletes on a keto-diet with more efficient fat utilization generally exhibit higher ketone 

levels right away compared to athletes who are not on a keto-diet.26 Furthermore, training in a 

fasted state has been seen to cause oxidative adaptations that allow athletes to maintain blood 

glucose levels during a fasted higher intensity performance,27 suggesting that this in turn 

could have beneficial effects on performance. 

 



It is possible that the athletes that finished the OWR were more used to training in a fasting 

state, possibly also used to a keto-diet and then adjusted better to fat metabolism and were 

able to keep a steadier pace for longer. We are also aware that the athletes that finished have 

either finished the OWR before or competed for over 48 hours before, while the majority of 

DNF athletes had not. We found that there is a meaningful relationship between ketones and 

blood glucose levels during an ultra-endurance race. To further deepen knowledge in the 

future it would be valuable to integrate continuous metabolic data and blood tests with more 

detailed information about the athletes’ training histories and nutritional strategies along with 

measuring substrate use during submaximal exercise in a controlled setting. It is also 

important to note that these studies that have looked at fat-metabolism, keto-diet and 

performance were not on ultra-endurance racing or athletes. 

 

Metabolic Regulation and Post-Race Immune System Response 

When comparing the changes in blood markers between pre- and post-race values to blood 

glucose variables we found several significant relationships. First off, there was a correlation 

between glycemic regulation and red cell adaptations. During endurance sports it is normal 

that the RBC drop as a response to activity, but it is usually counteracted by an increased 

plasma volume ultimately allowing for an improved oxygen carrying capacity.28 These results 

could indicate an improved RBC response among athletes who manage blood glucose levels 

better. Secondly, we found a correlation between glycemic regulation and immune system 

response, where athletes who spent more time in hypoglycemia (<3.9mmol/L) had larger 

decreases in BASO (both absolute and %), while higher average glucose levels were 

connected to a smaller decline in BASO counts. These results indicate a relationship between 

glycemic stress and BASO reaction. Also, greater glucose variability and more time spent 

above 7.8 mmol/L was correlated to a larger decrease in percentage of MONO and more time 



in target range was correlated to a smaller change in MONO. The relationship between 

prolonged physical activity and immune function is complex, but has been shown to be 

affected by glucose control and carbohydrate supplementation during before and after the 

activity.29 Our findings indicate that glycemic extremes (<3.9mmol/L and >7.8mmol/L) and 

instability may be linked to specific and stronger shifts in blood cell counts connected to the 

immune response, however what underlies these shifts need further investigation.  

 

There were distinct differences in immune system response between finishers and DNF 

athletes in our results. Finishers had pronounced neutrophil elevations and suppressed 

lymphocyte and basophil counts, which may reflect their level of stress and endurance 

capacities compared to the DNF athletes. These results are also consistent with a strong acute 

exercise-induced immune response.30,31 Although our study did not directly measure cytokine 

levels, it is well established that IL-6 is rapidly elevated during prolonged endurance exercise 

and serves as a key mediator of immune cell mobilization. The observed larger increase in 

neutrophil levels and decrease in lymphocytes among finishers align with the known effects 

of IL-6, which promotes neutrophil recruitment while contributing to transient lymphocyte 

reductions.30 Given that plasma IL-6 levels are closely tied to exercise duration and intensity, 

the extended race times of finishers likely contributed to a more pronounced cytokine 

response.20,32 This prolonged exposure could underlie the more substantial shifts in immune 

response observed in the finishing group. 

 

The finishers spent more time in ketosis, and their elevated ketone levels may have 

contributed to modulating the inflammatory response, potentially helping the finishers better 

withstand the physiological stress of the race. While neutrophilia is a well-established acute 



response to prolonged physical stress, the role of ketones in potentially affecting the immune 

response is less understood. 33 However, an increase in ketones have been found to lower the 

body’s acute immune response during physical activity.33  

 

Metabolic Regulation and Post-Race Autonomic and Thermoregulatory Response 

To answer the rest of the third research question we compared Oura™-derived data to race 

outcome, blood glucose levels, and ketone levels. Out of all that data the strongest predictor 

of race performance was nighttime temperature deviation the night before the race. However, 

neither finisher or DNF athletes as a whole had above normal temperatures pre-race, but the 

finishers had on average almost half a degree lower temperature deviation than DNF athletes. 

This finding goes along with previous research showing that athletes with lower pre-race skin 

temperature was moderately associated with a faster race,34 indicating that finishers might 

have been more ready and able to hold the necessary pace to finish the race.  

 

While the correlation between HRV and Race Outcome did not reach significance (p>0.05), 

the observed trend indicates a relationship between a better HRV and race outcome. This is 

consistent with previous research, which demonstrated that athletes performed better during 

intensive training sessions when the timing of those sessions aligned with favorable HRV 

levels.35 The finishing athletes had on average an higher HRV with almost 24 milliseconds, 

where DNF athletes are still in a normal range and finishing athletes are above normal. This 

highlights the potential utility of wearable technology in monitoring HRV, readiness, and 

identifying what physiological metrics that can give an insight into which athletes are best set 

up for success. A limit in our study specific to the Oura™ ring is that the athletes started 

wearing the ring only the day before the race started, while learning the body’s individual 



temperature and HRV level can take up to two weeks according to the Oura™ webpage. 

Future research should make sure participants start tracking temperature and HRV as early as 

possible to ensure the deviations calculated are valid. 

 

Adapting to the Long Duration of the OWR 

Successful performance in ultra endurance races above 90 kilometers is correlated with the 

athlete’s experience, training volume and nutritional regime.36 It is possible that the finishing 

athletes in this study were better prepared across these dimensions, these are all things that we 

have not tested for but could be setting them to better withstand the long and strenuous 

duration of swimming and running that the OWR entails. Although we did not directly assess 

training history or nutrition, we observed that the finishing athletes were able to maintain an 

energy expenditure close to 10,000 kcal per day during both day 1 and 2 of the race. This 

exceptionally high output suggest not only a substantial energy intake, but also a significant 

reliance on fat oxidation, as such energy demands would rapidly deplete glycogen stores. The 

ability to sustain this level of energy turnover may reflect a superior metabolic flexibility and 

fueling strategies among the finishers. Future research should investigate the interaction 

between energy expenditure, nutritional intake, and training background in order to get the 

full picture of what sets aside finishers from DNF in these sorts of races.  

 

Ultrarunners are generally more resilient and "less physiologically responsive to emotionally 

negative stimuli" compared to non-runners.37 Research shows that finishers of a 75.9 km 

mountain race exhibited stronger harmonious passion, while DNF athletes showed higher 

levels of obsessive passion, making them more prone to burnout and withdrawal from the 

race.38 Low blood sugar can trigger uncomfortable feelings, and this combined with certain 



psychological traits could have influenced race outcomes, especially since DNF athletes spent 

more time with low blood sugar levels than finishers. While hypoglycemia can cause negative 

emotions and physical discomfort, further research is needed to establish a direct connection 

to race performance. 

 

Possible Limitations  

While this experimental setting is highly novel and performed in a field-setting, there are 

limitations to consider. First, there is a small sample size (n = 19) that limits the statistical 

power of the findings, specifically when it comes to DNF and finisher comparisons. Second, 

there were some gaps in data collection particularly from the CGM and CKM sensors, due to 

malfunctioning sensors, discomfort, and loss during the race. This along with some 

difficulties in retaining the data from all athletes, specifically CKM, where we lack all the 

continuous data, decreases the reliability of the continuous metabolic data and may bias the 

results. Third, the analysis presented in Figure 7 includes five glucose-related variables 

derived from the same continuous glucose dataset, which increases the risk of Type I errors 

due to multiple comparisons. Since this is an exploratory study, we did not apply statistical 

correction for multiple testing. As a result these particular findings should be interpreted with 

caution and viewed as aiding the hypothesis-generating part of this study. Lastly, while we 

collected the ketone and glucose data, we did not record dietary intake to strengthen our 

analysis, which would likely allow us to better explain and interpret the glucose and ketone 

data.  

 

Similarly, team strategies, pacing, environmental exposure and individual athlete experience 

was not checked, which potentially influenced both performance and their physiological 



responses. Also, the OWR is such a unique race with the distance, cold water swimming 

segments and strict time cut-offs, all of which may limit the external validity; thus these 

findings may not apply to other ultra-endurance events such as the ones with only running. 

 

However, this study is providing new knowledge to the field. To our knowledge, it is the first 

to integrate continuous metabolic monitoring, wearable technology, and blood samples in an 

ultra-endurance race of this demanding nature. The use of CGM and CKM data, combined 

physiological markers, offers novel insights into athlete response in an extreme and under-

researched setting. Limitations aside, our study demonstrates the possibilities of future studies 

in similar settings using sensor during ultra endurance racing and thus sets an important 

precedent for future research. 

 

Conclusion 

Through data from the extreme ultra-endurance One Water Race, we have gained novel 

insights into the metabolic and physiological responses of the athletes competing in such a 

race. Our findings suggest that finishing the OWR could be linked to better glycemic control, 

greater time spent in ketosis, and a stronger inflammatory response. Even if the small sample 

size and data limitations temper the strength of the conclusions, this study breaks new ground 

through integrating continuous monitoring, blood biomarkers, and wearable technology in an 

ultra-endurance setting, opening up the possibilities for similar studies in the future. These 

results help our understanding of endurance physiology and open up new ways to research 

athletes’ physiological response to extreme physical demands. Future research should look at 

the possibility to expand the sample sizes and include more detailed contextual data such as 

nutrition, pacing strategies, psychological traits, and training history to help understand the 



athletes physiological responses better and build a more comprehensive picture of the 

requirements for ultra-endurance racing success.  
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Appendix 1 – Information for Race Participants 

 

Research project hosted by One Water Race 

In collaboration with One Water Race, The Swedish School of Sport & Health Science, are conducting 
research within the framework of the race as 

"the ultimate proof of human capacity". As a participant in the One Water Race, you will have the 
opportunity to contribute to the research by, during the race: 

• Wear the sensors assigned to you (the sensors measure blood glucose, blood ketones, heart rate and 
body temperature) 

• Donate a small amount of venous blood before and after the race • Perform cognitive tests before and 
after the race 

The research that will be performed has several purposes:  

1. Athlete health and safety 

2. To study the physiological and psychological limits of human performance 3. Enable live 
interpreting of physiological data using AI 

4. To study the impact of long-term exercise combined with sleep deprivation on cognitive function 

As mentioned, the research will be of benefit for your health, and you will be able to access your own 
data afterwards, which will be of great benefit for the interpretation of your race performance. 

The research will have ethical approval from the Swedish Ethical Review Board and follow standard 
research guidelines (e.g. confidentiality, voluntary participation, right to your own data). More 
information will be given orally at the Race Information meeting and in detail writing prior to the race. 

For more information and interest contact marcus.moberg@gih.se 
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Appendix 2 – Consent Form for Research Participants 

 

Projekttitel: Fysiologiska och psykologiska begränsningar av extrem uthållighet [One Water Race] 

Bakgrund och syfte: Människans prestation är ett multifaktoriellt fenomen som är ett samspel mellan 
fysiologiska faktorer, psykologiska faktorer och den yttre miljön. För närvarande är vår förståelse av 
gränserna för mänsklig prestation begränsad till påverkan av en eller ett fåtal faktorer, t.ex. inverkan 
av blodsockernivåer eller inverkan av värme på fysisk prestation. Det finns en uppenbar brist på 
vetenskapliga studier som undersöker en mängd fysiologiska och psykologiska faktorer i samband 
med extrema uthållighetshändelser som utmanar gränserna för mänsklig kapacitet. Särskilt, så vitt vi 
vet, finns det ingen befintlig vetenskaplig litteratur eller fall där flera viktiga mänskliga parametrar 
integreras och tolkas i samband med prestation. 

One Water Race erbjuder en unik forskningsmiljö där atleterna tänjer på gränserna för mänsklig 
uthållighetskapacitet, i en utmanande miljö och under mycket välkontrollerade förhållanden. 
Dessutom involverar loppet i denna aspekt ett stort antal idrottare i världsklass inom 
ultrauthållighetssporter, vilket sammantaget gör One Water Race till en mycket lämplig miljö för att 
studera gränserna för mänsklig prestation. 

Huvudsyftet med projektet är att få en djupare och mer omfattande förståelse för de fysiologiska och 
psykologiska faktorer som begränsar människans uthållighetskapacitet och prestationsförmåga. Mer 
specifikt syftar projektet till att integrera blodsocker, blodketoner, kärntemperatur, hjärtfrekvens, 
hjärtfrekvensvariabilitet och kognitiv funktion till mänsklig uthållighetsprestation och kapacitet. Ett 
andra syfte är att studera den fysiologiska och psykologiska belastningen av en extremt ansträngande 
uthållighetsutmaning. Mer specifikt syftar projektet till att studera påverkan på röda blodkroppars 
kapacitet, immuncellssvar, samt markörer för hjärn-, skelett- och hjärtmuskelskador och regenerering. 
Sammantaget kommer projektet att på ett genomgripande sätt öka kunskapen om faktorer som 
begränsar mänsklig prestation samt stödja idrottares hälsa och utveckling. 

Tillvägagångssätt: Alla tester och datainsamlingen kommer att genomföras under tävlingsveckan för 
One Water Race på sträckan från Arholma (start) till Landsort (mål) i Stockholms skärgård. 

Fas 1  

Den första delen av datainsamlingen kommer att ske på tävlingslägret på Arholma under dagen före 
loppets start. Alla team och individer kommer att tilldelas olika tider mellan kl. 08 och kl. 18 för 
inledande testning och placering av biosensorer. 

Under din tid kommer du först att utföra ett datoriserat kognitivt test (n-back) som testar ditt 
arbetsminne och din bearbetningshastighet. För det andra kommer du att utföra ett kort frågebaserat 
test som kallas Mini-Mental Scale som testar ditt minne, rumsliga igenkänning och uppmärksamhet. 
Dessa kognitiva tester tar ca 15 minuter. 

Därefter kommer utbildad personal att ta 20 ml venöst blod från din underarmsven med hjälp av en 
liten nål och kateter. En liten volym blod kommer omedelbart att analyseras för fullständig blodstatus 
(t.ex. hematokrit, antal röda blodkroppar och vita blodkroppar). Det återstående blodet kommer att 
centrifugeras för att erhålla plasma och serum som kommer att lagras för framtida analys. Dessa 
analyser inkluderar nivåer av blodmetaboliter, markörer för hjärnhälsa och markörer för muskel-, 
hjärt- och hjärnskador. 

Slutligen kommer sex biosensorer att placeras på olika platser i din kropp. 1. Oura ring, placerad på 
valfritt finger utom tummen eller lillfinger. 2. En konventionell smart klocka placerad på handleden på 
vardera handen. 3. En CORE-temperatursensor (3x4 cm) som placeras med självhäftande kirurgtejp på 



din bål. 4. En Polar Verity Sense pulssensor (3x1 cm) som placeras på armen med ett armband eller 
tejpas på bålen. 5. En kontinuerlig ketonsensor (2x3 cm) placerad på buken med en mikronål och tejp. 
6. En kontinuerlig glukossensor (2x3 cm) placerad på magen med en mikronål och tejp. Alla dessa 
sensorer är utformade för att vara minimalt invasiva, inte orsaka utslag eller irritation och inte störa dig 
under loppet. 

De inledande testerna under fas 1 är utformade för att ta cirka 1 timme totalt. 

Fas 2  

Denna fas inkluderar genomförandet av One Water Race. Vi kommer inte att utföra några tester eller 
störa dig under loppet. Vid kontrollerna kan vi, tillsammans med det medicinska teamet, observera dig 
visuellt eller ställa frågor till dig för att se till att du är vid god hälsa. All datainsamling under loppet 
sker på distans via biosensorerna. I händelse av fel eller förlust av biosensorn kan vi snabbt byta ut 
biosensorn vid en kontrollpunkt om möjligt. 

Fas 3 

Denna testfas kommer att äga rum i nära anslutning till målgång på Landsort, eller vid en båt (Race 
Lab eller Race Directory Ship) medan du tas till fastlandet om du av någon anledning drar dig ur 
tävlingen. Testerna som kommer att utföras är desamma som beskrivs i fas 1, men med avlägsnande 
istället för placering av biosensorer. Fas 3 beräknas därför ta cirka 30 minuter. Den totala mängden 
blod som du kommer att donera (fas 1 och fas 3) kommer därför att vara 40 ml. Den enda biosensorn 
som du kommer att behålla fram till 48 timmar efter loppet är Oura-ringen på fingret. Fas 3 avslutar 
datainsamlingen. 

Vilka är riskerna: Donation av venöst blod i underarmen innebär en mycket liten risk för lokal 
infektion och blåmärken. Detta förhindras genom en steril procedur vid upphämtning av utbildad 
personal. Mängden blod som samlas in före loppet (20 ml) är cirka 4,5 % av volymen av en 
blodgivning och utgör mindre än 0,5 % av din totala blodvolym. Blodgivningen kommer alltså inte att 
påverka din tävlingsprestation. Eftersom blodinsamlingen innebär att huden punkteras med en liten nål 
kan ett mindre och snabbt obehag uppstå under provtagningen. Alla biosensorer är utformade för att 
vara icke-invasiva och inget obehag förväntas vid placering eller bärande. 

Analys av komplett blodstatus och kärntemperatur före loppet kan upptäcka eventuell pågående större 
infektion. I så fall är vi skyldiga att informera det medicinska teamet som kommer att avgöra om du är 
ok att starta eller inte. 

Vilka är fördelarna: Först kommer du efter avslutad körning att få data om din puls, pulsvariabilitet, 
kroppstemperatur, blodsocker och ketonnivåer i blodet under hela loppet. Denna unika uppsättning 
data tillsammans med en tolkning och återkoppling från oss kommer sannolikt att vara till stor nytta 
för din idrottskarriär. För det andra kommer du att lära dig om hur din kognitiva status påverkas av 
extrem träning tillsammans med sömnbrist. Slutligen kommer vi att ge dig detaljerad information om 
din hälsostatus före och efter loppet. Sammantaget stödjer vi din hälsa, tolkar hur din kropp reagerar 
på ultrauthållighetslopp och kommer att vägleda dig till förbättrad prestation i potentiella framtida 
lopp. 

Vad händer med mina data och prover: All data från biosensorerna kommer att överföras direkt till en 
säker databas på ett kodat sätt, där data kommer att lagras. Data kommer att samplas varje minut från 
sensorerna. Med hjälp av en algoritm kommer en ny "performance score" att beräknas utifrån de data 
som genereras av de olika sensorerna. Denna "prestationspoäng" kommer att skickas till 
tävlingskatalogen på ett kodat och icke-spårbart sätt. Om du vill kommer du att få en fil med en 
komplett uppsättning individuella minut-förminut-data som samlats in från biosensorerna efter loppet. 



De data som genereras från det omedelbara fullständiga blodstatustestet kommer att lagras direkt 
säkert i utrustningen för analys, och efter loppet överföras till säker serverlagring på ett kodat sätt. Det 
är vår avsikt att blodproverna kommer att förvaras i en biobank efter loppet för framtida analys (som 
beskrivits ovan). Gymnastik- och idrottshögskolan har en biobank (nr 56) vid Inspektionen för vård 
och omsorg. Dina prover kan komma att analyseras med nya analysmetoder som är under utveckling. 
Proverna kan komma att analyseras av anställda vid andra universitet och högskolor i Sverige. Detta 
kräver ditt samtycke, annars kommer proverna att förstöras efter att analyserna i samband med denna 
studie har genomförts. Du har möjlighet att återkalla ditt samtycke till att dina prover lagras i en 
biobank. I så fall kommer proverna att kasseras eller avidentifieras. Om du ångrar dig ska du meddela 
ansvarig forskare Marcus Moberg (se nedan för kontaktuppgifter). Proverna får endast användas på det 
sätt som du har gett ditt samtycke till. Om det finns ytterligare forskning som ännu inte är planerad 
kommer etikprövningsmyndigheten att besluta om du ska tillfrågas igen. 

Alla protokoll och data kommer slutligen att lagras i kodat format i en säker forskningsserver som 
drivs av Gymnastik- och idrottshögskolan. 

Du har rätt till full tillgång till dina personuppgifter. Om du vill få en kopia av dina uppgifter, kontakta 
ansvarig forskare (se nedan). Det är vår avsikt att resultaten av projektet ska publiceras i vetenskapliga 
tidskrifter, utan möjlighet att identifiera dina personuppgifter. 

Alla personuppgifter kodas och lagras konfidentiellt och anonymt. Gymnastik- och idrottshögskolan är 
personuppgiftsansvarig för dina personuppgifter. Enligt EU:s allmänna dataskyddsförordning har du 
rätt att kostnadsfritt få tillgång till de uppgifter om dig som behandlas i studien och vid behov få 
eventuella fel rättade. Om du vill ta del av informationen, kontakta ansvarig forskare (se nedan). GIH:s 
dataskyddsombud Birgitta Edenius nås på birgitta.edenius@gih.se och 08-120 537 42. Om du är 
missnöjd med hur dina personuppgifter behandlas har du rätt att inge klagomål till Datainspektionen 
som är tillsynsmyndighet. 

Försäkring: Under hela forskningsprojektet omfattas du av en särskild forskningsförsäkring tecknad 
av Gymnastik- och idrottshögskolan vid Kammarkollegiet. 

Ditt deltagande är frivilligt: Om du känner att du inte vill fortsätta eller av någon annan anledning 
inte kan slutföra studien har du rätt att avbryta försöket när som helst utan påföljd och utan att behöva 
ange en anledning. Det kommer inte heller att påverka dig i framtida lopp, vård eller 
forskningsprojekt. 

För frågor och ytterligare information, vänligen kontakta: 

Ansvarig forskare:  

Dr. Marcus Moberg  

Postadress: Gymnastik- och idrottshögskolan Box 5626 114 86 Stockholm 

Arbete: 0701-899070 Mobil: 0702-295079  

E-post: marcus.moberg@gih.se  

 

 

 

 

 



Samtycke till att delta i studien 

Jag har fått muntlig och skriftlig informationen om studien och har haft möjlighet att ställa frågor. Jag 
får behålla den skriftliga informationen. 

☐ Jag samtycker till att delta i studien: Fysiologiska och psykologiska begränsningar av 

extrem uthållighet 

☐ Jag samtycker till att uppgifter om mig behandlas på det sätt som beskrivs i 

forskningspersonsinformationen. 

☐ Jag samtycker till att mina prover sparas i en biobank på det sätt som beskrivs i 

forskningspersonsinformationen. 

Plats och datum 

Namnförtydligande 

Underskrift

 

 

 

 

  



Appendix 3 – Figures of average heart rates from the teams during the first ten hours 
and the full race respectively. 

First 10 hours of the race 

Full race 
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This is the most common type of manuscript published by MSSE® and is used to report data
arising from research studies. It includes an Abstract and Introduction, Methods, Results, and
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section for information on manuscript submission.
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compilation of the review. These types of reviews attempt to provide a penetrating overview of
primary research on a particular research question by identifying, choosing, synthesizing and
evaluating all high-quality research evidence relevant to that question in order to answer it.
Key points:

1. Systematic reviews seek to find, categorize, and report all evidence that fits pre-established
eligibility criteria in order to address a specific research question.

2. The goal of systematic reviews is to reduce bias by using clearly defined, systematic
methods.

These methods should be followed and additionally there should be evidence (reputable
publications, the more the better) that at least one of the authors is him/herself proficient/a
recognized expert in the content area of the review. Also, these reviews should arrive at
meaningful conclusions that resolve important controversies and should be based on more than
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Meta-analysis involves the synthesis of several studies into a single statistical analysis with the
goal of developing a single quantitative estimate or summary effect size. In accordance with
comments above for systematic reviews, appropriate methods for meta-analysis should be
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content area of the meta-analysis. Just as for systematic reviews, meta-analyses should arrive
at meaningful conclusions that resolve important controversies. These conclusions should be
based on more than a small handful of studies. A conclusion that more research is needed
is not sufficient.

Symposium Proceedings
Submission of ACSM Annual Meeting symposia papers is by Editor-in-Chief invitation only.
Symposia papers from any ACSM Annual Meeting must normally be received in the Editorial
Office before December 1 of the year of presentation. Previously stated submission
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double-spaced pages. All invited symposia manuscripts are subject to the peer-review process.
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"Methodological Advances."

Letters to the Editor-in-Chief
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intellectual discussion of an MSSE® article published within the previous 12 months. Letters
should contain an informative title and follow the submission requirements for manuscripts.
Letters are limited to 500 words and a maximum of eight (8) references. If the letter is
accepted for publication, a copy will be sent to the author of the original article with an
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held to the same length and reference requirements.

Contrasting Perspectives

The topic and authorship for Contrasting Perspectives are selected and invited by the Associate
Editor-in-Chief for Contrasting Perspectives in consultation with the Editor-in-Chief. The format
is an Initial Pro Perspective (1500 words) followed by a Con perspective (1500 words) followed
by Responses/Rebuttals (Pro 1000 words, Con 1000 words) which end in a concise summary.

Authorship
To be included as an author, each individual shall have contributed to the manuscript in at least
two (2) of the following areas:

Significant manuscript writer
Significant manuscript reviewer/reviser
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Data acquisition
Data analysis and interpretation
Statistical expertise

For additional authorship details, see “Uniform Requirements for Manuscripts Submitted to
Biomedical Journals” at http://www.icmje.org/.

Dual Submissions
Manuscripts are considered for publication on the condition that they are submitted solely to
this journal and, therefore, have not been and will not be published elsewhere, in part or in
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Prereview/Preprint Submissions

MSSE® permits the submission of “prereview” (commonly called “preprint”) manuscripts, which
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manuscript may be posted to prereview/preprint servers: A) while it is under consideration
or reconsideration; B) while undergoing revision prior to, or during, re-review/resubmission;
and C) while being prepared for publication.

3. Additional manuscript versions of articles published by MSSE® may not be posted to
prereview/preprint servers after publication unless these manuscripts have an open access
copyright license. (MSSE® does permit certain manuscript versions of accepted articles to
be posted to repositories and archives. See “Repository/Archive Deposition Policy for
Accepted Manuscripts and Published Articles” below.)

4. The prereview/preprint manuscript must be assigned a prereview/preprint DOI, and the
prereview/preprint server must make all versions of a prereview/preprint manuscript (and
related materials, such as figures, tables, supplemental data, etc.) available, as well as
make it clear which version is the most recent version.

5. The prereview/preprint server must automatically link to the article in MSSE® once the
article has been published on MSSE®'s website.

6. Prereview/preprint submissions posted to prereview/preprint servers with an open access
license are allowed, but authors will be required—without exception—to pay MSSE®'s open
access fee as a condition of acceptance.

7. The authors must: A) disclose at first submission that a manuscript has been posted to a
prereview/preprint server; B) indicate which prereview/preprint server is being used and
the copyright license under which the manuscript has been posted; and C) provide a link to
the prereview/preprint version of the article.

8. Once a manuscript has been formally submitted, the authors may not change the copyright
terms of the prereview/preprint.

Failure to meet these criteria and conditions may result in the disqualification of a submission
at any stage, resulting in immediate rejection. In addition, the journal reserves the right—but
is not obligated—to consider the comments made to manuscripts posted to prereview/preprint
servers and factor these comments into final decisions at any stage of the peer review process.

Repository/Archive Deposition Policy for Accepted Manuscripts and Published
Articles

MSSE® permits authors to deposit—in their non-profit, institutional repositories—versions of
their manuscripts, including dissertations, which were submitted for peer review without
requiring authors to acquire specific permission from the journal office.

Authors wishing to deposit post-peer review manuscripts, or the copy-edited, laid-out, and
proof-corrected versions of articles into a repository may do so once: 1) they pay the article
processing charge and submit a completed license-to-publish form; and 2) the final version of
the article has been published online as open access. Please note that the final version is the
version that is published in the monthly issue and not "early online"/"ahead of print"
version(s).

In all instances, any version of an article deposited into a repository/archive should provide a
link back to the article's official version of record on the
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Misconduct
Fabrication, falsification, plagiarism, or any other practice by an author that seriously deviates
from practices commonly accepted in the discipline or in the academic and research
communities generally for proposing, conducting, or reporting research and creative activities
will be considered actionable misconduct. The act of serious deviation includes duplicate
publication or unethical use of research participants. Misconduct does not include honest error
or honest differences in the interpretation or judgment of data.

If there is a suspicion or allegation of misconduct directed toward any author of a work

submitted or published by MSSE®, the journal reserves the right to: a) forward relevant
material to the appropriate authorities at the author's institution/employer for investigation;
and/or b) conduct an independent investigation by the journal’s Scientific Integrity Editor. If an

author is found to have committed misconduct, MSSE® reserves the right to debar the author,

either temporarily or permanently, from publishing in MSSE® and/or all journals associated

with ACSM. MSSE®’s Editor-in-Chief, in consultation with the ACSM Publications Committee,
and the Scientific Integrity Editor will impose debarment or any lesser sanction found to be
appropriate in light of the misconduct finding. Depending on the nature of the misconduct

finding, a retraction of the author's relevant paper(s) published in MSSE® may occur and
notification of the retraction may be published in a future issue.

For additional misconduct details, see “Uniform Requirements for Manuscripts Submitted to
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Medicine & Science in Sports & Exercise® is a copyrighted publication. It is official policy of the
journal that single copies of figures can be used as slides or overhead projector transparencies
if the purpose is for educational matters. Authors submitting manuscripts and publishing
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Baltimore, MD 21201-2436 USA (http://www.lww.com/resources/permissions/index.html).

Previously Published Material

Medicine & Science in Sports & Exercise® will accept only original, unpublished illustrations and
tables, except in the cases of review articles, symposia, and meta-analyses. Authors of review
articles, symposia, and meta-analyses papers who do use previously published material shall
obtain prior written permission to reprint from the publisher holding the copyright and be able
to provide a quality original to the Editorial Office for publication. It also is customary that
written permission from the original authors be requested and received. The statement "used
by permission" must appear in the caption of the figure or table with complete reference
citation. Permission to reprint, if required, must accompany the manuscript at the time of
submission.

Artificial Intelligence Authoring Tools and Authorship Policy

The advent of Artificial Intelligence (AI) authoring tools (eg, ChatGPT, GPT-3) presents
academic scholarship with unique challenges. In recent weeks, several stories concerning the
attribution of authorship to AI- authoring tools have circulated (1).

In concordance with the recommendations of other publishers, it is our position that an AI
authoring tool does not meet the standards required for authorship as defined by the ICMJE
(2). Specifically, the ICMJE recommendations require that every author be “…accountable for
all aspects of the work in ensuring that questions related to the accuracy or integrity of any
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part of the work are appropriately investigated and resolved.” We do not believe that AI
Authoring tools meet this standard.

In agreement with the position of the Committee on Publication Ethics (3), we endorse the
following recommendation, and suggest that Instructions for Authors be updated accordingly:

Authors who use AI tools in the writing of a manuscript, production of images or graphical
elements of the paper, or in the collection and analysis of data, must be transparent in
disclosing in the Materials and Methods (or similar section) of the paper how the AI tool was
used and which tool was used. Authors are fully responsible for the content of their manuscript,
even those parts produced by an AI tool, and are thus liable for any breach of publication
ethics.
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2. https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-
role-of-authors-and-contributors.html

3. https://publicationethics.org/cope-position-statements/ai-author

Permissions
For permission and/or rights to use content for which the copyright holder is LWW or the
society, please go to the journal's website and after clicking on the relevant article, click on the
"Request Permissions" link under the "Article Tools" box that appears on the right side of the
page. Alternatively, send an e-mail to customercare@copyright.com.

For Translation Rights & Licensing queries, contact Silvia Serra, Translations Rights, Licensing &
Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd, 250 Waterloo Road,
London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-mail: silvia.serra@wolterskluwer.com

For Special Projects and reprints (U.S./Canada), contact Alan Moore, Director of Sales,
Lippincott Williams & Wilkins, Two Commerce Square, 2001 Market Street, Philadelphia, PA
19103. Phone: 215-521-8638. E-mail: alan.moore@wolterskluwer.com

For Special Projects and Reprints (non-U.S./Canada), contact Silvia Serra, Translations Rights,
Licensing & Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd, 250 Waterloo
Road, London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-
mail: silvia.serra@wolterskluwer.com

ACSM Manuscripts & NIH Public Access Policy
Overview
Since April 7, 2008, the National Institutes of Health (NIH) has required "all investigators
funded by the NIH [to] submit, or have submitted for them to the National Library of Medicine's
PubMed Central an electronic version of their final peer-reviewed manuscripts upon acceptance
for publication, to be made publicly available no later than 12 months after the official date of
publication..."

Lippincott Williams & Wilkins Submission Service
To assist our authors in meeting the requirements of the NIH and certain other funding bodies
(Wellcome Trust and Howard Hughes Medical Institute), Lippincott Williams & Wilkins will
transmit the accepted manuscript, shortly after acceptance, to PubMed Central (PMC) on their
behalf. See http://journals.lww.com/acsm-msse/_layouts/oaks.journals/nih.aspx for additional
details.

Open Access

LWW’s hybrid open access option is offered to authors whose articles have been accepted for
publication. With this choice, articles are made freely available online immediately upon
publication. Authors may take advantage of the open access option at the point of acceptance
to ensure that this choice has no influence on the peer review and acceptance process. These
articles are subject to the journal’s standard peer-review process and will be accepted or
rejected based on their own merit. Those individuals making the decision to accept or reject an
article are not aware if the article is a funded article or has been selected for open access.
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Authors of accepted peer-reviewed articles have the choice to pay a fee to allow perpetual
unrestricted online access to their published article to readers globally, immediately upon
publication. For pricing information, please see https://wkauthorservices.editage.com/open-
access/hybrid.html. The publication fee is charged on acceptance of the article and should be
paid within 30 days by credit card by the author, funding agency or institution. Payment must
be received in full for the article to be published open access.

Authors Retain Copyright
Authors retain their copyright for all articles they opt to publish open access. Authors grant
LWW a license to publish the article and identify itself as the original publisher.

Creative Commons License
Articles opting for open access will be freely available to read, download, and share from the
time of publication. Articles are published under the terms of the Creative Commons License
Attribution-NonCommerical No Derivative 3.0, which allows readers to disseminate and reuse
the article, as well as share and reuse of the scientific material. It does not permit commercial
exploitation or the creation of derivative works without specific permission. To view a copy of
this license visit: http://creativecommons.org/licenses/by-nc-nd/3.0.

Compliance with NIH, RCUK, Wellcome Trust, and Other Research Funding Agency
Accessibility Requirements
A number of research funding agencies now require or request authors to submit the post-print
(the article after peer review and acceptance but not the final published article) to a repository
that is accessible online by all without charge. As a service to our authors, LWW identifies to
the National Library of Medicine (NLM) articles that require deposit and transmits the post-print
of an article based on research funded in whole or in part by the National Institutes of Health,
Howard Hughes Medical Institute, or other funding agencies to PubMed Central. The revised
Copyright Transfer Agreement provides the mechanism. LWW ensures that authors can fully
comply with the public access requirements of major funding bodies worldwide. Additionally, all
authors who choose the open access option will have their final published article deposited into
PubMed Central.

RCUK-funded authors can choose to publish their paper as open access with the payment of an
article process charge, or opt for their accepted manuscript to be deposited (green route) into
PMC with an embargo.

With both the gold and green open access options, the author will continue to sign the
Copyright Transfer Agreement (CTA) as it provides the mechanism for LWW to ensure that the
author is fully compliant with the requirements. After signature of the CTA, the author will then
sign a License to Publish where they will then own the copyright.

It is the responsibility of the author to inform the Editorial Office and/or LWW that they have
RCUK funding. LWW will not be held responsible for retroactive deposits to PMC if the author
has not completed the proper forms.

Read and Publish Agreements

Wolters Kluwer currently has read-and-publish agreements with institutional consortia
listed here.

Corresponding authors who are affiliated with the participating institution and who qualify as
eligible authors* can publish their eligible articles open access in the eligible LWW journals at
no direct cost to them. Please see your institution’s individual policy for guidance on eligible
article types and license choice. To qualify for the APC waiver, the corresponding author must
provide their participating institution’s name and institutional email address in the journal’s
submission system. On acceptance, the corresponding author will be asked to place an open
access order in the publisher’s payment portal where they will be able to request the APC be
funded in accordance with this agreement. A $0.00 APC will then be applied.

*Eligible authors: Corresponding authors who are teaching and research staff employed by or
otherwise accredited to one of the participating institutions as well as students enrolled or
accredited to one of the institutions and who want to publish open access articles.
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Compliance with National Institutes of Health Accessibility Requirements
The National Institutes of Health (NIH) requires authors to submit the “post-print” (the final
manuscript, in Word format, after peer-review and acceptance for publication but prior to the
publisher’s copyediting, design, formatting, and other services) of research the NIH funds to a
repository that is accessible online by all without charge. As a service to our authors, LWW will
identify to the National Library of Medicine (NLM) articles that require deposit and will transmit
the post-print of an article based on research funded in whole or in part by the NIH to PubMed
Central.

FAQ for Open Access
http://links.lww.com/LWW-ES/A48

2. Manuscript Submission Requirements and Preparation

Manuscripts that do not comply with the following requirements and directives for process,
style, and format will not enter the peer-review process and will be returned to the author.

Language
English is the language of the publication. Authors who speak English as a second language are
encouraged to seek the assistance of a colleague experienced in writing for English language
journals.

Use of the terms “gender" and "sex” should comply with the definitions used by the World
Health Organization (http://www.who.int/gender/whatisgender/en/) as follows:

“Sex” refers to the biological and physiological characteristics that define men and women.
“Gender” refers to the socially constructed roles, behaviors, activities, and attributes that a
given society considers appropriate for men and women.

Authors are encouraged to use nonsexist language as defined by the American Psychological
Association (American Psychological Association. Guidelines for nonsexist use of
language. American Psychologist. 1975;30:682–684) and to be sensitive to the semantic
description of persons with chronic diseases and disabilities, as outlined in Medicine & Science

in Sports & Exercise® [Raven PR. Journal terminology: issues of sensitivity and accuracy. Med.
Sci. Sports Exerc. 1991;23(11): 1217–8.]

To enhance readability, only standardized and widely understood abbreviations and symbols
should be used; authors are strongly discouraged from creating and employing unnecessary
abbreviations or acronyms. All abbreviations should be defined when they first appear in the
text. Authors should follow Webster's Third New International Dictionary for spelling,
compounding, and division of words. Trademark names should be capitalized and the spelling
verified. Chemical or generic names should precede the trade name or abbreviation of a drug
the first time it is used in the text.

Electronic Submission
Manuscripts shall be submitted electronically via Editorial

Manager® (www.editorialmanager.com/msse). Detailed information regarding registration and

use of Editorial Manager® is found on the Web site. Hard-copy manuscript submissions will not
be accepted by the Editorial Office and will be discarded.

Authors submitting manuscripts for review shall also:

Acknowledge page charges of $70 per published page ($55 per published page for ACSM
member corresponding authors)]
Pay the manuscript submission fee ($100, non-ACSM member corresponding authors only)
Include letters of permission to reprint figures or tables (if applicable)

MSSE’s “No Sweat Submissions”
MSSE encourages authors to take advantage of our “No Sweat Submissions” format and submit
their original manuscripts in style that is most convenient for them. Authors may submit their
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manuscript in any format they prefer – for example, as a single Word or PDF file containing all
figures and tables, stylized in any fashion, with references in any format the author chooses.

The only requirements we ask are:

1. That the paper contains a title page and abstract, and includes Introduction, Methods,
Results, and Discussion sections.

2. That appropriate ethics disclosures are included (e.g., IRB approval, adherence to
Declaration of Helsinki, informed written consent, funding sources, potential conflicts of
interest.)

3. That the paper includes line numbers so reviewers can easily refer to recommended
revisions.

4. That figures and tables are limited to eight (8) total (e.g., 6 figures, 2 tables; 3 figures, 5
tables). 

If an author chooses to submit under the “No Sweat Submissions” format, the author agrees –
if, after review, a “revision” decision is rendered by the handling editor – to revise and
resubmit the manuscript according to the guidelines below.

Manuscript Requirements — Revised Manuscripts
Authors submitting revised manuscripts shall submit through Editorial

Manager® (www.editorialmanager.com/msse). When submitting a revised manuscript, author
point-by-point responses to reviewer comments must be included in a separate document. The
manuscript file must be in a Word document format, not PDF format. The manuscript shall be
formatted so that it is set in Times Roman font with 12-point font size and has margins of 1"
(all sides). Manuscript pages must be double-spaced with continuous line numbers.

In addition, each author must complete and submit the journal's copyright transfer agreement,
which includes a section on the disclosure of potential conflicts of interest based on the
recommendations of the International Committee of Medical Journal Editors, "Uniform
Requirements for Manuscripts Submitted to Biomedical Journals"
(www.icmje.org/update.html). A copy of the form is made available to the submitting author
within the Editorial Manager submission process. Co-authors will automatically receive an E-
mail with instructions on completing the form upon submission.

Order of Manuscript
An original investigation should contain the following items and satisfy the given specifications.

Title Page
1. Title of no more than 150 characters, including spaces.
2. Full names of the authors—Only those investigators who contributed substantially or

who had a primary role in the research represented in the manuscript should be
listed as authors (see ‘Authorship’ above). The Editor-in-Chief reserves the right to
request that the author list be reduced.

3. Institutional affiliation of each author clearly identified; linked to each author by use
of superscript numbers

4. Running title (short title) of the paper, limited to 45 characters, including spaces.
5. Corresponding author name, mailing address, telephone, fax, and e-mail information

Abstract
1. Limit of 275 words, including numbers, abbreviations, and symbols
2. Structure states purpose, methods, results, and conclusions
3. Reference citations are not permitted

Key Words
1. Four (4) to six (6) words following the abstract listed in alphabetical order
2. Should not repeat terms or phrases from the title

Introduction
1. State clearly the purpose and hypothesis of the study
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2. Provide relevant references
3. Do not exhaustively review the subject

Methods
1. Describe the experimental participants/subjects and their controls
2. Insert “written informed consent” statement or animal-use statement and ethics

committee approval statement (required) (see “Human & Animal Experimentation
Policy Statements”)

3. Identify the methods, apparatus, and procedures employed with sufficient details to
allow others to reproduce the study

4. Provide references for established methods and statistical procedures
5. Provide rationale for use and include a description of possible limitations for utilized

methods not well known
6. Statistics: Please follow THIS HYPERLINK for MSSE’s statistical reporting

recommendations. Adherence to the recommendations is strongly encouraged.

Results
1. Present findings of the study in the text, tables, or figures
2. Do not include the same data in tables and figures

Discussion
1. Emphasize the original and important features of the study and avoid repeating all

the data presented within the results section
2. Incorporate the significance of the findings and the relationship(s) and relevance to

published observations
3. Make only those conclusions that are supported by the study

Acknowledgments
1. Identify funding sources. Authors are required to state in the acknowledgments all

funding sources, and the names of companies, manufacturers, or outside
organizations providing technical or equipment support.

2. Give credit to others who contributed to the development and results of the study.

Conflict of Interest
   In particular, authors should:

1. Disclose professional relationships with companies or manufacturers who will benefit
from the results of the present study.

2. The section must contain ACSM’s two required disclaimers:
“The results of the study are presented clearly, honestly, and without
fabrication, falsification, or inappropriate data manipulation.”
And
“The results of the present study do not constitute endorsement by the
American College of Sports Medicine.”

References

The reference list shall be in order of citation (rather than in alphabetic order) and
numbered. There shall not be more than 70 references for original investigations.
Review articles are limited to 100 references. All references shall appear in the text. The
format for references is that which has been adopted by the United States National
Library of Medicine [Patrias K. Citing medicine: the NLM style guide for authors, editors,
and publishers [Internet]. 2nd ed. Wendling DL, technical editor. Bethesda (MD):
National Library of Medicine (US). Available
from: http://www.nlm.nih.gov/citingmedicine] and employed in Index Medicus. Authors
should choose the NLM option in their reference software package (e.g., EndNote,
RefManager). For those reference types not included in Index Medicus, adhere to the
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form established by the American National Standard for Bibliographic References.
Examples of the types of references are as follows:

Refereed Journals

1. Journal Article—Blair SN, Ellsworth NM, Haskell WL, Stern MP, Farguhar JW, Wood PD.
Comparison of nutrient intake in middle-aged men and women runners and controls. Med
Sci Sports Exerc. 1981;13(5):310–5.

2. E-Journal Article—Vickers AJ. Time course of muscle soreness following different types of
exercise. BMC Musculoskeletal Disorders [Internet]. 2001 [cited 2001 May 31];2(5).
Available from: http://www.biomedcentral.com/1471-2474/2/5. doi:10.1186/1471-2474-2-
5.

Gray Literature

1. Book
Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Hillsdale
(NJ): Lawrence Erlbaum Associates; 1988. 567 p.
Paffenbarger RS, Hyde RT, Wing AL. Physical activity and physical fitness as
determinants of health and longevity. In: Bouchard C, Shephard RJ, Stephens T,
Sutton JR, McPherson BD, editors. Exercise, Fitness, and Health. Champaign: Human
Kinetics; 1990. p. 33–48.

2. Conference Proceedings—Matthie JR, Withers PO, Van Loan MD, Mayclin PL. Development
of a commercial complex bio-impedance spectroscopic (CBIS) system for determining
intracellular water (ICW) and extracellular water (ECW) volumes. In: Proceedings of the 8th
International Conference on Electrical Bio-impedance; 1992 Jul 28-31: Kuopio (Finland).
University of Kuopio; 1992. p. 203–5.

3. Doctoral Dissertation—Crandall C. Alterations in human baroreceptor reflex regulation of
blood pressure following 15 days of simulated microgravity exposure [dissertation]. Fort
Worth (TX): University of North Texas; 1993. 100 p.

4. Government Report—U.S. Department of Health and Human Services. Bone Health and
Osteoporosis: A Report of the Surgeon General. Rockville, MD: U.S. Department of Health
and Human Services, Office of the Surgeon General; 2004. 436 p. Available from: U.S. GPO,
Washington.

5. Website home page—American Heart Association Web site [Internet]. Dallas (TX):
American Heart Association; [cited 2006 Jan 1]. Available
from: http://www.americanheart.org.

6. Abstract. An abstract can be cited when it is the only source of information.—Kelley KM,
Hamann JJ, Aschenbach WG, Gladden LB. Canine gastrocnemius muscle in situ: O2max
[abstract]. Med Sci Sports Exerc. 1996;28(5):S62.

7. Letter to the Editor—Stöhr EJ, Balmain BN. Regarding high-intensity interval training and
left ventricular mechanics [letter]. Med Sci Sports Exerc. 2019;51(11):2423.

8. Non Refereed Journal/Magazine—Funnell MP, Mears SA, James LJ. Dehydration and
endurance performance: why hasn’t research in this area dried up? The Sport and Exercise
Scientist. 2018 Autumn;57:10-11.

Lisanti J. The fittest 50. Sports Illustrated. 2019 Jan 14;130(1):52-55.

9. Prereview/Preprint—Pethick J, Casselton C, Winter SL, Burnley M. Ischaemic pre-
conditioning attenuates fatigue-induced loss of knee extensor torque complexity during
submaximal intermittent isometric contractions [Internet]. SportRxiv; 2019. Available from:
osf.io/preprints/sportrxiv/mcpjz.

Note: In-text reference citations shall be baseline in parentheses, not superscripts [e.g.,

(14,15), not 14,15]. Personal Internet Web sites, Master of Science theses, personal
communications, or other unpublished material are not acceptable as references. All
book references require page numbers. Journal abbreviations should follow the
abbreviations of Index Medicus published by the Library of Congress. Use of et al.—If
fewer than seven (7) authors are listed, all should be mentioned. When seven or more
authors are named, list only the first three.
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List of Supplemental Digital Content files (Appendices)
Appendices are considered supplemental material and will not be published in the print
journal. Appendices will appear online only. Submitted appendices shall meet the
requirements given in the section “Supplemental Digital Content (SDC).” Please ensure
callouts for Supplemental Digital Content are included in the manuscript body (e.g., “See
Supplemental Table 1, Supplemental Digital Content, Biochemical and vascular
cardiovascular disease risk markers at baseline”).

Figure Legends
Provide a caption for each figure
List captions together following references section

Tables – uploaded as separate files
Please upload all tables as individual Word files, titled “Table 1,” “Table 2,” “Table 3,”
etc. Do not upload a single file with all tables combined.
For production to be able to typeset the tables, the tables should be built within Word
using the “Insert Table” feature. (A Word document containing an embedded image
of the table is not usable).
Please include the table legend in the table file.
Please ensure that your manuscript body contains callouts for each table. If tables
have changed from your original submission to your revised version (for example, if a
table was added or removed, or if tables were reordered), please ensure the figure
callouts have been updated along with the sequential file names.
More information is in the Tables section below.

Figures – uploaded as separate files
Figures should be uploaded as individual .tiff or .eps files of at least 1200 dpi, titled
“Figure 1,” “Figure 2,” “Figure 3,” etc. Please do not upload PDF versions of figures, or
figure images that are embedded in Word documents. These will not reproduce in
print with sufficient resolution.
Do not include figure legends in the figure file. Typsetting will add the appropriate
figure legend as presented on the Figure Legends page in the manuscript.
Please ensure that your manuscript body contains callouts for each figure. If figures
have changed from your original submission to your revised version (for example, if a
figure was added or removed, or if figures were reordered), please ensure the figure
callouts have been updated along with the sequential file names.
More information is in the Figures section below.

Additional files to upload with revised manuscripts
Supplemental Digital Content: All supplemental digital content files should be
combined into a single Word document where able. For example, include all
supplemental figures (with figure legends) and supplemental tables (with table
legends) into the same continuous file. If you have a separate data file in Excel
format, that can be uploaded separately as a second supplemental digital content
file.
License to Publish Agreement: If you intend to have your paper published Open
Access or will be publishing it as Open Access under a University License Agreement,
we require a filled-out License to Publish form. This form can be downloaded from
http://links.lww.com/LWW-ES/A49. Upload the filled-out form along with the rest of
your manuscript files.
Permissions letters: Permissions letters for previously published tables or figures.
(See the Reproduction of Text and Figures section above.)

3. Technical Guidelines

Terminology and Units of Measurement
To promote consistency and clarity of communication, authors should use standard terms
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generally acceptable to the field of exercise science and sports medicine.

The units of measurement shall be Système International d'Unités (SI). Permitted exceptions
to SI are heart rate—beats per minute (bpm); blood pressure—mm Hg; gas pressure—mm Hg.
When expressing compound units of measurement, authors must locate the raised dot midway

between lines to avoid confusion with periods; for example, mL·min-1·kg-1.

The basic and derived units most commonly used in reporting research in this journal include
the following:
mass—gram (g) or kilogram (kg); force—newton (N); distance—meter (m), kilometer (km);
temperature—degree Celsius (°C); energy, heat, work—joule (J) or kilojoule (kJ); power—watt
(W); torque—newton-meter (N·m); frequency—hertz (Hz); pressure—pascal (Pa); time—
second (s), minute (min), hour (h); volume—liter (L), milliliter (mL); and amount of a
particular substance—mole (mol), millimole (mmol). Selected conversion factors: 1 N = 0.102
kg (force); 1 J = 1 N·m = 0.000239 kcal = 0.102 kg·m; 1 kJ = 1000 N·m = 0.239 kcal = 102

kg·m; 1 W = 1 J·s-1 = 6.118 kg·m·min-1.

Formulas and Equations
Simple in-text formulas and equations should be presented in a single line:
M = (a + b)/(x + y). More complex equations should be set displayed, and, if referenced in
text, shall have an equation number:

All unusual characters must be accompanied by a definition or explanation.

Figures

MSSE® accepts electronic file artwork only. Captions are required for all figures and shall
appear on a separate page at the end of the manuscript.

Guidelines (http://edmgr.ovid.com/lww-final/accounts/5StepsforArt.pdf):

Each figure should be saved as a separate file without captions. Any figure with multiple
parts should be sent as one file with each part labeled the way it is to appear in print.
Files should be saved as and submitted in .tif or .eps format—jpeg, .gif, or files downloaded
from the Internet are not acceptable due to low resolution.
Black-and-white line art should be saved at 900–1200 dpi (dots per inch) resolution with
monochrome, 1-bit color mode.
Photographs, CT scans, radiographs, etc. should be saved at a resolution of at least 300 dpi.
Combination photo–line art and grayscale images should be saved at 600–900 dpi.
Color images should be scanned in CMYK (cyan, magenta, yellow, black) mode. Do not
submit any figures in RGB (red, green, blue) mode.
Lettering (symbols, letters, and numbers) should be between 8 and 12 points, with
consistent spacing and alignment. Font face maybe serif (Times Roman) or sans serif
(Arial).
Line width should be ¾ point or greater.
Any extra white or black space surrounding the image should be cropped. Ensure that
participant-identifying information (i.e., faces, names, or any other identifying features) is
cropped or opaqued.
Artwork should be submitted in final size and should be cropped and rotated as it will
appear in the final printed piece.

Tables

Tables should be double-spaced and designed to fit a one-column width (3¼ inches) or a
two-column width (7 inches) on a single page. Large, multipage tables are candidates for
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supplemental digital content (SDC).
Each table shall have a brief caption; explanatory matter should be in footnotes below the
table.
The table may contain measures of central tendency and the units of variation or precision
should be stated.
The table must be free of non-significant decimal places.
Abbreviations used in tables must be consistent with those used in the text and figures.
Definition symbols should be listed in the order of appearance, determined by reading
horizontally across the table and should be identified by standard symbols.

Supplemental Digital Content (SDC)
Authors may submit supplemental digital content (SDC) that enhances their article's text via
Editorial Manager. SDC may include standard media such as text documents, graphics, audio,
video, etc. On the Attach Files page of the submission process, please select Supplemental
Audio, Video, or Data for your uploaded file as the Submission Item. If an article with SDC is
accepted, production staff will create a URL with the SDC file. The URL will be placed in the
call-out within the article. SDC files are not copy-edited by LWW staff; they will be presented
digitally as submitted. SDC content will appear online only and will not appear in print. For a
list of all available file types and detailed instructions, please
visit https://journals.lww.com/acsm-msse/Pages/SDC-File-requirements.aspx. Please note that
SDC should not include cover letters to the editor, forms required by the editorial office, or
items required in the manuscript file.

SDC Callouts
Supplemental digital content must be cited consecutively in the text of the submitted
manuscript. Citations should include the type of material submitted (Audio, Figure, Table, etc.),
be clearly labeled as "Supplemental Digital Content," include the sequential list number, and
provide a description of the supplemental content. All descriptive text should be included in the
call-out as it will not appear elsewhere in the article.

Example: We performed many tests on the degrees of flexibility in the elbow (see Video,
Supplemental Digital Content 1, which demonstrates elbow flexibility) and found our results
inconclusive.

List of Supplemental Digital Content
A listing of Supplemental Digital Content must be submitted at the end of the manuscript file.
Include the SDC number and file type of the Supplemental Digital Content. This text will be
removed by our production staff and not be published.

Example: Supplemental Digital Content 1. wmv

SDC File Requirements
All acceptable file types are permissible up to 10 MB. Video files have no size restriction. For a
list of all available file types and detailed instructions, please
visit https://journals.lww.com/acsm-msse/Pages/SDC-File-requirements.aspx.

4. Human & Animal Experimentation Policy Statements

Failure to comply with the guidelines that follow and to guarantee such conformance by a
statement in the manuscript will result in rejection of the manuscript.

Studies and case reports involving the use of human participants shall conform to the policy
statement regarding the use of human subjects and written informed consent as published by

MSSE®. MSSE® does not require that all human studies include equal representation of
females and proportional representation of underrepresented groups. However, authors are
strongly encouraged to include both sexes in their studies or to provide a justifiable
explanation for the exclusion or absence of males or females. Authors are also encouraged to
ensure that study participants are appropriate for the research question (i.e., they represent
the population that would be affected by the results of the study). All studies involving animal
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experimentation shall be conducted in conformance with the policy statement of the American

College of Sports Medicine on research with experimental animals as published by MSSE®.

Policy Statement Regarding the Use of Human Participants and Informed Consent
By law, any experimental participant or clinical patient who is exposed to possible physical,
psychological, or social injury must give informed consent prior to participating in a proposed
project. Informed consent can be defined as the knowing consent of an individual or his legally
authorized representative so situated as to be able to exercise free power of choice without
undue inducement or any element of force, fraud, deceit, duress, or other form of constraint or
coercion.

MSSE® requires that all appropriate steps be taken in obtaining the informed consent of any
and all human participants employed by investigators submitting manuscripts for review and
possible publication. In most cases, written informed consent should be obtained by having the
participant read a document (an Informed Consent Form) presenting all information pertinent
to the investigation or project and affixing a signature indicating that the document has been
read and consent given to participation under the conditions described therein. In some cases,
usually when risks to participants are very low (e.g., survey research), the Institutional Review
Board of record may approve the conduct of the investigation and declare the study to be
exempt from the usual requirement of obtaining written informed consent, in lieu of obtaining
the participants’ verbal consent to participate. Information presented at the time of consent
should be provided in a way that it is easily understood by the participants and provided in a
language in which the participants are fluent.

Investigators are requested to consider the following items for inclusion in an Informed
Consent Form, or process, as appropriate to the particular project:

A general statement of the background of the project and the project objectives.
A fair explanation of the procedures to be followed and their purposes, identification of any
procedures that are experimental, and description of any and all risks attendant to the
procedures.
A description of any benefits to be reasonably expected and, in the case of treatment,
disclosure of any appropriate alternative procedures that might be advantageous to the
participant.
An offer to answer any queries of the participant concerning procedures or other aspects of
the project.
An instruction that the participant is free to withdraw consent and to discontinue
participation in the project or activity at any time without prejudice to the participant.
An instruction that, in the case of questionnaires and interviews, the participant is free to
deny answer to specific items or questions.
An instruction that, if services or treatment are involved in the setting or context of the
project, they will be neither enhanced nor diminished as a result of the participant’s
decision to volunteer or not to volunteer participation in the project.
An explanation of the procedures to be taken to ensure the confidentiality of the data and
information to be derived from the participant. If participants are to be identified by name
in the manuscript, permission for same should be obtained in the Informed Consent Form or
obtained in writing at a later date.

If the participant is to be videotaped or photographed in any manner, this must be disclosed in
the Informed Consent Form. The participant must be advised as to who will have custody of
such videotapes or photographs, who will have access to the tapes or photographs, how the
tapes or photographs are to be used, and what will be done with them when the study is
completed.

The informed consent document, or process, shall not contain any exculpatory language or any
other waiver of legal rights releasing, or appearing to release, an investigator, project director,
or institution from liability. If a consent form is used, at the bottom of the form, provision shall
be made for the signature of the participant (and/or a legally authorized representative) and
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the date. It is generally advisable to precede this with a statement to the effect that the
participant and/or representative have read the statement and understand it. In the case of
minors, one or both parents should sign (as appropriate). For minors of sufficient maturity,
signatures should be obtained from the participant and the parent(s).

The Editorial Board endorses the Declaration of Helsinki of the World Medical Association as
regards the conduct of clinical research. Physicians are expected to comply with the principles
set forth in this declaration when research involves the use of patients. In the case of
psychological research, investigators will be expected to comply with the principles established
by the American Psychological Association. (American Psychological Association. Ethical
Principles in the Conduct of Research with Human Participants. Washington, DC: American
Psychological Association; 1982.). The use of participants should be approved by an ethics
committee prior to the investigation and shall be stated in the Methods section of the
submitted manuscript.

It will not be necessary for an author to describe in the manuscript the specific steps that were
taken to obtain informed consent, to ensure confidentiality of results, or to protect the privacy
rights of participants. It will be satisfactory for the author to indicate that, “informed consent
was obtained from the participants,” or by similar wording. Manuscripts reporting research
approved for conduct as exempt from the requirement for obtaining written informed consent
should identify the specific Institutional Review Board of record that made that determination.
It will be understood by the editors that such a statement indicates the author’s guarantee of
compliance with the directives presented above.

Policy Statement of the American College of Sports Medicine on Research with
Experimental Animals

The ability of science to enhance the well-being of humans and animals depends directly on
advancements made possible by research, much of which requires the use and availability of
experimental animals. Therefore, all who propose to use animals for research, education, or
testing purposes must assume the responsibility for their general welfare. It is essential to
recognize and to appreciate that the intent of scientific research is to provide results that will
advance knowledge for the general and specific benefits of humans and animals.

Research involving animals must adhere to the ethical principles involved with the use of
animals in research and training. If animals are used, the Methods section must include a
statement of protocol approval from an Institutional Animal Care and Use Committee.
Description of animal procedures should be sufficiently detailed to allow others to evaluate the
treatment of the animals, the quality of the data presented, and to replicate the experiments if
desired. Studies involving surgeries or other painful procedures must include an explanation of
procedures taken to minimize pain and distress, including the types and dosage of anesthetics
and post-operative analgesics that were used. Drugs that produce muscle paralysis are not
anesthetics; if these were used, evidence must be provided that anesthesia of suitable grade
and duration was employed. Should these principles compromise experimental goals, careful
and detailed verification is required in addition to the IACUC approval statement. Sources for
additional guidance include the following:

Animals in Research: Reporting In Vivo Experiments
(https://www.nc3rs.org.uk/arrive-guidelines)

AVMA Guidelines for the Euthanasia of Animals
(https://www.avma.org/sites/default/files/2020-01/2020-Euthanasia-Final-1-17-20.pdf)

Guidance for the Description of Animal Research in Scientific Publications
(https://www.ncbi.nlm.nih.gov/books/NBK84205/)

Guide for the Care and Use of Laboratory Animals
(https://www.ncbi.nlm.nih.gov/books/NBK54050/)

Guiding Principles for the Care and Use of Vertebrate Animals in Research and Training
(https://www.physiology.org/career/policy-advocacy/policy-statements/care-and-use-of-
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vertebrate-animals-in-research?SSO=Y)

International Guiding Principles for Biomedical Research Involving Animals
(https://cioms.ch/publications/product/international-guiding-principles-for-biomedical-
research-involving-animals-2/)

National Centre for the Replacement, Refinement and Reduction of Animals in Research
(https://www.nc3rs.org.uk/)

U.S. Government Principles for the Utilization and Care of Vertebrate Animals Used in
Testing, Research, and Training
(https://www.ncbi.nlm.nih.gov/books/NBK54048/)

Data Availability Statement

MSSE requires authors to include in any articles that report results derived from research data
to include a Data Availability Statement. The provision of a Data Availability Statement will be
verified as a condition of publication. Data Availability Statements should include information
on where data supporting the results reported in the article can be found including, where
applicable, hyperlinks to publicly archived datasets analyzed or generated during the study.
Where research data are not publicly available, this must be stated in the manuscript along
with any conditions for accessing the data. Data Availability Statements must take one of the
following forms (or a combination of more than one if required for multiple types of research
data):

The datasets generated during and/or analyzed during the current study are available in the
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]
The datasets generated during and/or analyzed during the current study are not publicly
available due to [REASON WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author [SPECIFIC DETAILS ON HOW TO REQUEST DATA].
Data sharing not applicable to this article as no datasets were generated or analyzed during
the current study.
All data generated or analyzed during this study are included in this published article [and
its supplementary information files].
The data that support the findings of this study are available from [third party name] but
restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available. Data are however available from the
authors [SPECIFIC DETAILS ON HOW TO REQUEST DATA] and with permission of [third
party name].

C o p y r i g h t / D i s c l a i m e r  N o t i c e  •  P r i v a c y  P o l i c y

2025-05-20 11:36 Editorial Manager - Medicine & Science in Sports & Exercise®

https://edmgr.ovid.com/msse/accounts/ifauth.htm 17/17

https://www.physiology.org/career/policy-advocacy/policy-statements/care-and-use-of-vertebrate-animals-in-research?SSO=Y
https://cioms.ch/publications/product/international-guiding-principles-for-biomedical-research-involving-animals-2/
https://cioms.ch/publications/product/international-guiding-principles-for-biomedical-research-involving-animals-2/
https://www.nc3rs.org.uk/
https://www.ncbi.nlm.nih.gov/books/NBK54048/
javascript:goURL('http://edmgr.ovid.com/lww-final/accounts/legpriv.htm')

	Joanna Hanner - Masteruppsats 43 2025.pdf
	Guidelines MSSE

