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Abstrakt

Bakgrund: Lopning ér en sport for alla. Sporten fortsétter att 6ka i popularitet, formodligen
pa grund av dess tillgdnglighet och manga hélsofordelar sdsom stressminskning och 6kad
maximal syreforbrukning. Under hogintensiv trdning genereras laktat fran anaerob
metabolism, i regioner med hoga glukosnivaer eller dér glykolysen &r aktiv. Ett sétt att méta
en lopares uthéllighet dr méngden laktat i blodet. Sambandet mellan laktatackumulering (LA)
och upplevd anstringning (RPE) med tillsatta kolhydrater under kortare varaktighet av
16pning &r osdkert. Daremot verkar det vara fordelaktigt med extra kolhydrater eftersom det

kan fordroja trotthet och tid till utmattning.

Syfte: Denna studie syftade till att undersdka om glukos som intagits innan l6pning pa
16pband hade en inverkan pa LA och hastigheten for RPE hos motionsldpare. Det

undersoktes &ven om LA associeras med RPE enligt BORG-skalan.

Metod: I denna studie med en crossover-design inkluderades 15 friska motionslopare, tva
kvinnor och 13 mén. Deltagarna sprang minst 10 kilometer under ett trdningspass per vecka.
Interventionen bestod av 4 eller 5 hastighetsokande intervaller som varade i 4 minuter per
intervall. LA och RPE mittes kontinuerligt under intervallerna. Vid den forsta interventionen
fastade deltagarna 1 90 minuter fére métningen. Vid den andra interventionen intogs dessutom
en glukosméngd pa 1g/kg kroppsvikt innan métningen. Parade t-tester anvindes for att
statistiskt analysera glukosets paverkan pa LA och RPE. Spearmans korrelationskoefficient
anvéandes for att analysera sambandet mellan LA och RPE (r-virde). Tva grafer genererades
for att illustrera korrelationen mellan LA-virdena frdn den f6rsta och andra interventionen

och liknande for korrelationen mellan RPE-véirdena.

Resultat: Som forvantat 6kade LA med varje 6kande intervall, vilket aterspeglar trenden i
RPE, som ocksa konsekvent 6kade under métningen. Vid tillfallet for LA var den

interpolerade hastigheten (km/h) under den forsta interventionen utan tillsatt glukos (14.5)
hogre dn den andra interventionen med tillsatt glukos (13.6). En rimlig korrelation (-0.475)

visades mellan LA och RPE for den andra intervallen diar LA 6kade nidr RPE minskade.

Konklusion: I denna studie visade glukos inga signifikanta skillnader for LA eller RPE.
Dock fann vi att glukos stirkte associationen mellan LA och RPE, vilket betyder att glukos

inte har en paverkan pa LA eller RPE under hastighetsokande 16pintervaller.



Abstract

Background: Running is a sport for everyone. The sport continues to grow in popularity,
probably due to its accessibility and many health benefits such as stress reduction and
increased maximal oxygen consumption. During high-intensity exercise, lactate is generated
from anaerobic metabolism, in regions with high glucose levels or where glycolysis is active.
One way to measure a runner's endurance is the amount of lactate in the blood. The
relationship between lactate accumulation (LA) and perceived exertion (RPE) with added
carbohydrates during shorter durations of running is uncertain. However, extra carbohydrates

seem to be beneficial because they can delay fatigue and time to exhaustion.

Aim: This study aimed to investigate whether glucose ingested before treadmill running had
an impact on LA and the rate of RPE in exercise runners. It was also investigated whether LA

is associated with RPE according to the BORG scale.

Methods: In this study with a crossover design, 15 healthy runners, two women and 13 men,
were included. The participants ran at least 10 kilometers during one exercise session per
week. The intervention consisted of 4 or 5 speed-increasing intervals lasting 4 minutes per
interval. LA and RPE were measured continuously during the intervals. In the first
intervention, participants fasted for 90 minutes before the measurement. In the second
intervention, a glucose amount of 1g/kg body weight was also ingested before the
measurement. Paired t-tests were used to statistically analyze the influence of glucose on LA
and RPE. Spearman's correlation coefficient was used to analyze the relationship between LA
and RPE (r-value). Two graphs were generated to illustrate the correlation between the LA
values from the first and the second intervention and similarly for the correlation between the

RPE values.

Results: As expected, LA increased with each increasing interval, reflecting the trend in
RPE, which also consistently increased during the measurement. At the time of LA, the
interpolated speed (km/h) during the first intervention without added glucose (14.5) was
higher than the second intervention with added glucose (13.6). A fair correlation (-0.475) was

found between LA and RPE for the second interval where LA increased as RPE decreased.

Conclusion: In this study, glucose showed no significant differences for LA or RPE.
However, we found that glucose strengthened the association between LA and RPE, which
means that glucose does not have an effect on LA or RPE during speed-increasing running

intervals.



Introduction

1.1. Recreational Running

Running has developed as a popular exercise activity, valued for its accessibility and
recreational appeal (Hespanhol Junior et al., 2015). Endurance running is particularly
effective in stress reduction and enhancing resilience against psychological pressure and
anxiety (Wirnitzer et al., 2022). Regardless of exercise volume and cardiorespiratory
fitness, there is a positive relationship between running and improved cardiorespiratory

fitness (Wirnitzer et al., 2022).

Running offers numerous health benefits, such as reducing resting heart rate and
enhancing maximal oxygen consumption (Hespanhol Junior et al., 2015). Running at an
intensity of 50-70% of the individual maximum oxygen uptake has been found to
maintain cardiovascular health (Boning et al., 2012). Greater health benefits are
observed with an extended history of consistent running (Hespanhol Junior et al., 2015).
Therefore, the sport is not only popular for professional runners but also recreational
runners (Boullosa et al., 2020). A recreational runner is any runner who trains and
competes regularly during their leisure time and is not competing as a professional
runner, independently of the runner's performance level. It is also someone who does
not have the physical, physiological, and psychological traits of a professional
endurance runner. Exercise recommendations depend on the runner's competitive
distance, time availability, and individual exercise season. The methods most used to
improve running performance are intervals and continuous runs with a variance in
intensity (Boullosa et al., 2020). The metabolism used to enable sufficient energy for
running is called aerobic metabolism, which utilizes oxygen for effective energy

generation (Boning et al., 2012).

1.2. Aerobic Metabolism

Exercise with sufficient oxygen supply is called aerobic endurance and it is where the
cardio-respiratory system meets the metabolic demand without accumulating lactate

above 4 mmol/L (Boning et al., 2012). Aerobic endurance can be sustained for a



prolonged duration although determined by muscle fiber type and rate of aerobic
oxidative metabolism. The active muscles rely on oxidative respiration to utilize
adenosine triphosphate (ATP) from carbohydrates, fatty acids, and amino acids. Aerobic
endurance indicates the ability of both the cardiorespiratory system to transport oxygen

and the skeletal muscles to effectively utilize this oxygen supply (Boning et al., 2012).

Aerobic metabolism describes the various metabolic processes in the human body such
as glycolysis, where oxygen is present and engages in ATP production (Boning et al.,
2012). One of the body’s main sources for ATP production is carbohydrates which are
catabolized to glucose. Thereafter glucose is broken down to pyruvate through
anaerobic processes. Glucose enters the mitochondria where it is converted to acetyl
coenzyme A (CoA) for further aerobic metabolism in the citric acid cycle, electron
transport chain, and oxidative phosphorylation. ATP is produced in the last process
where ATP synthase occurs through an electron potential and phosphorylation (Boning
et al., 2012). Concurrently, ATP is similarly produced during anaerobic metabolism
however without sufficient oxygen and within the active muscle cells by the catabolism

of glucose (Patel et al., 2017).

1.3. Anaerobic Metabolism

Compared to aerobic endurance, anaerobic endurance is commonly characterized by
short and intensive durations that do not require adequate oxygen supply (Patel et al.,
2017). This formation of energy is alternative energy production and produces ATP less
effectively because of restricted mitochondrial functions (Passarella et al., 2018). This
occurs when the cardiorespiratory system is unable to meet the metabolic demand
during this exercise intensity and therefore lactate is accumulated significantly (Boning
et al., 2012). Lactate accumulation quickly leads to fatigue because, without sufficient
oxygen, carbohydrates cannot fuel the muscles efficiently (Boning et al., 2012).
Compared to aerobic metabolism, the pyruvate is transported to the cytoplasm to form
lactate and ATP biochemically in the last step of the anaerobic glycolysis. This is a
metabolic pathway that creates energy in the form of ATP (Passarella et al., 2018).



Typically, 36 ATP are produced for each glucose molecule in oxidative phosphorylation,
although during anaerobic metabolism, 2 ATP is produced (Adeva-Andany et al., 2014).
This is a less effective method for ATP production but allows the cell to physiologically
function without oxygen (Adeva-Andany et al., 2014). During high-intensity exercise,
this is essential for quick ATP production (Farhana et al., 2020). Lactate is generated in
regions of active muscles with a higher energy demand or where glycolysis is highly
active (Gladden, 2004). Another important mechanism is the lactate shuttle which
transports lactate during intensive physical activity inter- and intracellularly (Brooks,
2009). This regulates the energy transport to areas with high energy demands, such as
the muscle and heart tissues (Gladden, 2004).

1.3.1. Measurements

Measurements of lactate accumulation were developed as a way to measure the
cardiovascular function of efficient oxygen supply (Boning et al., 2012). The lactate
accumulation (LA) represents the maximum rate at which oxygen can sustain aerobic
exercise within the circulation, indicating the runner's aerobic endurance. When
exercise exceeds this aerobic endurance, the oxygen supply to the active muscles
becomes deficient and leads to the initiation of LA (Boning et al., 2012). The onset of
blood lactate (OBLA) occurs between aerobic and anaerobic metabolism (Heck et al.,
1985), when the body begins to produce lactate more rapidly than removing it (Svedahl
et al., 2003). OBLA is a fixed value with a concentration of 4 mmol/L in the blood
(Adeva-Andany et al., 2014). Aerobic endurance and energy consumption are related to
running performance (Thompson, 2017). Recreational runners can improve their
endurance and 10 km performance with exercise adjusted by results from tests of their
blood lactate concentration (Boullosa et al., 2020). Endurance performance can also be

improved with an increased amount of carbohydrates in the body (Burke et al., 2001).

1.4. Glucose and Energy

Carbohydrates have an important role in the human diet, where they act as an energy
source (Holesh et al., 2023). The digestive tract breaks down carbohydrates into
monosaccharides such as glucose. The glucose that is not used is stored as glycogen in
the muscle tissue and the liver until needed (Holesh et al., 2023). Glucose is stored as

glycogen, especially during the postprandial period, a period following the consumption



of a meal and where the body digests and assimilates nutrients from the food (Del Prato
et al., 1993). When glycogen depots are emptied during prolonged exercise or fasting,
fatty acids are used as an energy resource (Mul et al., 2015). This is however a less
effective oxidation for ATP production and accounts for a third of the total energy
demand as opposed to carbohydrates which accounts for two-thirds of the total energy
demand (Mul et al., 2015). The utilization of carbohydrates regulates the energy
metabolism of ATP in the cells” mitochondria during exercise (Mul et al., 2015).
Recommendations for an adult's daily intake of carbohydrates should be 45-60% of the
total food consumption (Holesh et al., 2023). For general exercise at low to moderate
intensity, approximately 1 hour/day, 5-7g/kg bw/day of carbohydrates is needed (Burke
et al., 2001). There is an increased carbohydrate need for people who endurance train at
a moderate to high intensity, 1-3 hours/day, where 7-10 g/kg bw/day is sufficient to gain
enough energy (Burke et al., 2001).

Jeukendrup (2013) found that for exercise lasting longer than 2 h, the ingestion of
carbohydrates can help maintain blood glucose concentrations and a high rate of energy
oxidation (Jeukendrup, 2013). This leads to increased performance as well as a delayed
onset of fatigue. For shorter exercise durations (~1 h), ingesting carbohydrates is
unnecessary, although small amounts seem favorable for performance. An intake of
carbohydrates during intermittent running can delay fatigue and time to exhaustion
(Jeukendrup, 2013). While running, the contracting skeletal muscles demand increased
ATP production, mainly from carbohydrates (Prato et al., 1993). With depleted glycogen
stores, it has been shown that individuals experience discomfort during exercise.
However, using the Borg scale and the perceived exertion can determine exercise

intensity and prevent exhaustion (Park et al., 2016).

1.5. Borg Scale and Perceived Exertion

The Borg scale is a tool widely utilized to evaluate perceived exertion in exercise
(Scherr et al., 2013) or in clinical cases to examine exercise intensity (Lichti et al.,
2023). The scale ranges in values from 6 to 20 and seeks to ensure optimal stimulus
during the exercise (Scherr et al., 2013). Exercise intensities at OBLA correlate to an
RPE of approximately 15-16 (Scherr et al., 2013) on the Borg scale (Borg., 1970). This

is primarily utilized in programming exercises for preventative medicine and has been
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tested for validity in large research by Scherr et al. (2013). The study revealed a strong
relationship between the rate of perceived exertion (RPE) and LA. The study evaluated
different values of RPE as relevant to various events, where RPE 11 was determined as
the highest intensity before OBLA. However, no significant evidence of the fixed value
of 4 mmol/L was revealed (Scherr et al., 2013). Lichti et al. (2023), found that RPE was
higher among untrained individuals for maximal exercise according to a maximal test
protocol. The study clarifies an uncertainty regarding the individuals’ perceived

exertion (Lichti et al., 2023).

Emotions can relate to exercise participation and individuals are more likely to
discontinue the exercise if they do not enjoy it and continue the exercise they find
pleasurable (Goudini et al., 2024). Furthermore, recreational exercisers often adjust their
workout intensity based on emotional responses. Therefore, evaluating perceived
exertion during exercise can help improve exercise commitment and enjoyment

(Goudini et al., 2024).

1.6. Earlier Research
1.6.1. Lactate and Glucose Relationship

Yoshida (1984) found that a high-carbohydrate diet led to decreased oxygen
consumption and earlier achieved OBLA, indicating an inferior performance as opposed
to a low-carbohydrate diet. The pattern of glucose intake and lactate build-up over time
is evident (Spencer et al., 1992). Both blood glucose and lactate levels are initially high
at the beginning of exercise, at 70% of maximal oxygen consumption, within the first
0-10 minutes. Concentrations of blood glucose and lactate then decrease consistently as
time passes (Spencer et al., 1992). However, the study by Radziuk et al. (1983) did not
observe any LA from glucose ingestion, which suggests that skeletal muscle cells may
not be significantly influenced (Radziuk et al., 1983). In addition, Tokmakidis et al.
(2008) found that the time to exhaustion was 12.8% longer with glucose than without.
These results suggest that glucose provides an additional resource for exercising
muscles as well as a later onset of LA (Tokmakidis et al., 2008). The glucose impact on

exercise remains uncertain as different studies show different results.
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1.6.2.  Rate of Perceived Exertion According to Ingested Glucose

A study investigated the perception of time’s passing concerning blood glucose levels in
patients with type 2 diabetes (Park et al., 2016). The findings concluded that individuals
with lower glucose levels experienced that more time had passed than the correct time
passing. The study argues that cognition and psychological factors such as perceived
exertion can influence physiological responses (Park et al., 2016). However, another
study found that higher carbohydrate consumption before low-intensity exercise did not
affect physiological and psychological measures (Astorino et al., 2019). Although, the
study stated that the performance could be slightly enhanced by carbohydrate-rich meals
(Astorino et al., 2019).

According to previous research, the knowledge of the impact of glucose on LA and RPE
is uncertain. To our knowledge, no study has investigated how glucose ingested orally
affects LA or differences in RPE during incremental intervals. This study aimed to
investigate the potential relationship between LA and RPE, and how glucose may
influence these factors. By demonstrating these connections, this study could enable
knowledge to enhance individual performance in physical activities. It could also
improve endurance performance in recreational runners and encourage healthier

lifestyles.

1.7. Aim

The purpose of this study was to investigate if glucose ingestion before exercise affects
blood lactate accumulation and perceived exertion. This is in comparison to fasting in

recreational runners during progressive interval running.

1. Does the ingestion of glucose before exercise affect blood lactate accumulation,
compared to fasting, in recreational runners during intervals?

2. How does glucose affect perceived exertion in recreational runners according to
the BORG scale?

3. Does lactate accumulation correlate with perceived exertion according to the

BORG scale with and without added glucose in recreational runners?
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2. Method
2.1. Study Design

This study used a crossover design where the participants were used as their control.

The participants were measured on two separate occasions.

2.2. Participants

Before participation in the student study, each participant was screened with yes and no
questions for inclusion and exclusion criteria before participation (Appendix I).
Information about the study and informed consent was given before participation
(Appendix II & Appendix III). The participants were included if they were healthy
individuals and had a contemporary record of their 10-kilometer running pace
(Nicholson et al., 2001). However the participants were excluded if they stated that they
had high blood pressure, other cardiovascular diseases, joint problems, neurological
disease, (Viisdnen et al., 2019), or diabetes (Radziuk et al., 1983). Furthermore, if they
had injuries that affected running and accomplishment of the measurement and
medications that affect the heart and pulse (i.e. beta blockers) (Véisinen et al., 2019)
they were excluded from the study (Appendix I). The standardizations and instructions
before the testing were to restrain eating 90 minutes prior and not consume nicotine or
caffeine two hours before the measurement (Véisénen et al., 2019) (Appendix II). The
participants were also instructed to avoid strenuous exercise the day before and on the
measurement day (Chryssanthopoulos et al., 1994) (Appendix II). Information
regarding the test and the BORG scale (Appendix IV) of RPE was introduced and

described upon arrival and during the warm-up (Borg., 1970).

2.3. Equipment

Participants were weighed on a scale (ICA, Model GBS1501, China), upon arrival and
regarding descriptive statistics and mass of glucose used for the second intervention. To
measure the capillary blood lactate, Lactate Pro 2 (LT-1730, Japan, Arkray global
business inc.) was used together with the Lactate Pro 2 Test Strip (Japan, Arkray global
business inc., Imported by MEDEXA). The participants ran on two different treadmills
called Intenza 450 i2S (Taiwan) and Technogym Run EXCITE+ 1000 Led (Italy). To

puncture the fingertip for blood lactate measurements, lancets were used as well as
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compresses, clinical hand disinfection, and vinyl gloves in regards to stated hygiene
routines (Appendix III). The Borg scale was used with values ranging from six to 20 on
a laminated paper hanging in front of the participants while completing the intervals on
the treadmill (Appendix IV). Borg’s RPE scale is a valid tool for assessing exercise
intensity. It is an affordable, practical, and valid tool for monitoring and assessing
exercise intensity. The Borg scale has revealed a strong relationship to blood lactate
concentrations (» = 0.83, p<0.001) and heart rate (» = 0.74, p<0.001) with no regard for
gender or age (Scherr et al., 2012).

2.4. Intervention

Information about gender, body weight (BW), height, and age was collected for
descriptive data. Gender, height, and age were declared by the participants and BW. The
interventions of the LA took place on two separate occasions for each participant. The
second intervention required glucose ingestion of 1g x kg BW 15 minutes before the
measurement (Tokmakidis et al., 2008). The participants were given the same time of
the day and one week between the first and second measurements (Chryssanthopoulos

et al., 1994).

The participants were asked for their contemporary 10-kilometer running pace and ran
the test with a velocity of 2 km * h™! below that pace (Nicholson et al., 2001). They
completed a brief warmup on the treadmill for five to 10 minutes, finishing at their start
pace for the test (Tanner et al., 2013). The protocol consisted of 4 to 5 stages of
treadmill running with a constant speed and 0% gradient at each interval. Each interval
continued for four minutes, and the fifth stage was only conducted if blood lactate was
below 4 mmol/L in the fourth stage (Bourdon, 2013). Between each interval, 30 seconds
of rest was applied for a capillary blood sample from the fingertip (Bourdon, 2013), and
the participants were asked to rate their RPE on the BORG scale (Borg, 1970).
Subsequently, the workload was increased by 1 km h™' for each following interval
(Nicholson et al., 2001). 0,3 ul blood was collected and analyzed for lactate

concentrations in mmol/L.
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2.5. Ethical and Social Considerations

2.5.1. Ethical Considerations

This study involved human participants in recreational running. Data was collected and
the study followed the ethical principles of the declarations of Helsinki (The World
Medical Association, 2022). By using this declaration, the study followed its main
consideration to put the health of the participants first. The written consent provided
participants with details including standardized protocols, criteria for inclusion and
exclusion, the measurement method used, the confidentiality of the data, and potential
risks involved. Attendance was voluntary and the participants were not obligated to
complete the procedure and were free to withdraw their written consent without any
explanations. The collected personal data was pseudonymised and stored safely on a
USB which only the students in charge of the study and the supervisor had access to.
The personal data were presented at a group level. However, individual data could be

requested by the participants.

A warmup was conducted before the measurements to reduce the risks of injuries during
the treadmill run. The lactate was measured by blood sampling, using a lancet to
puncture the fingertip. It was cleaned with alcohol swabs before puncturing the skin to
minimize the risk of infections and errors in the lactate measurement. Temporary
bruising on the sampling site of the fingertip could appear, which requires no urgent
medical attention unless enduring problems occur. The puncture of the fingertip could
be an uncomfortable experience for the participants and to minimize this, participants
were instructed to maintain a forward gaze. The instructions were also important to
minimize the risk of stumbling, which did not occur. For safety reasons, an emergency
stop was located on the treadmills. Although it was not used during the measurements.
Other risks of the student study could be fatigue and the possibility of the test being too
challenging. To minimize this, participants were advised to avoid vigorous exercise on
the day preceding and the day of the test. Communication with the test leaders was
encouraged if any discomforts arose during the test. During the procedure, plastic
gloves were used regarding hygiene routines. Proper protocols were followed to dispose

of physical data, such as blood samples, using designated containers for destruction.
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2.5.2. Social Considerations

Physiological and psychological studies of recreational runners contribute to
understanding optimal physical health and well-being, addressing Goal 3 on Agenda
2030 (United Nations, 2024). Furthermore, the results of the student study can deepen
the knowledge of the relationship between LA and glucose metabolism, which is also
strongly related to goal 3. The study limited the participants to healthy recreational
runners to specify the population. The method for this study can be used for further
investigations into the relationship between LA and glucose metabolism for a broader
understanding of how it affects different populations and athletes of various sports. To
enable a perspective of the health and well-being of all people, this method could be

modified to study individuals with disabilities as well.

2.6. Statistics

Statistical data was documented in Excel and analyzed using IBM SPSS statistics
version 29. Descriptive statistics were presented in tables using mean values and
standard deviation. Other tables were presented similarly to describe the results from the
interventions. The normality of the data was assessed using the Shapiro-Wilk-Test and
histograms, which confirmed normal distribution. Given the normal distribution,
parametric tests were applied. Paired T-test were specifically used to identify statistical
differences in mean values, standard deviation, and p-values (Nicholson et al., 2001).
Statistical significance was set to p<<0.05 (Olsson et al., 2015). The intervals within the
intervention group, with and without added glucose, were compared. Furthermore,

comparisons were made between the two intervention groups.

To determine the individual velocity of OBLA where LA achieved 4 mmol/L, a linear

interpolation equation was used as follows from Laurencelle et al (1994):

(@,~v)x(L~L)

1 (LZ_Ll)

Velocity (v) indicates the interpolated velocity for OBLA at the fixed value of 4 mmol/L
(L). L;, v, demonstrates the points in the individual graphs of x,,y, which was the lower
velocity of LA, and L,,v, indicates the points of x,,y, in the individual graphs which was

the higher velocity of LA (Laurencelle et al., 1994). The equation was used for all 15
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participants to calculate individual values for the interpolated velocity without and with
added glucose. Additionally, two graphs for LA and RPE, with and without added
glucose, over time were presented. To present the correlation between LA and RPE, the
r-value was used for the first and second intervention (Akoglu, 2018). The r-value
indicates a strong correlation when it is close to +1 or -1 although positive and negative
respectively. No correlation indicates a r-value of 0, a poor correlation 0.1-0.2, a fair
correlation 0.3-0.5, a moderate correlation 0.6-0.7, a very strong correlation 0.8-0.9, a

perfect correlation 1.0 (Akoglu, 2018).

3. Results

The results of this study provide information on the impact of ingested glucose on LA
and RPE during incremental treadmill intervals. Furthermore, it is presented how

glucose affects levels of RPE in correlation to LA.

3.1. Background Variables

The study sample included 15 recreational runners, both men (n=13), and women (n=2),
from Halmstad municipality, age 30.9 (£2.7) years, height 179.6 (+2.2) cm, weight 74.4
(£2.1) kg, and start running velocity 11.6 (£0.5) km * h™'. Table 1 presents the

participant's characteristics.

Table 1. Descriptive characteristics of the participants with mean values, standard
deviation, and percentage. (n=15)

n mean (£SD)
sex (male/female %) 13/87

Age (years) 30.9 (10.5)
BMI (kg/m2) 23.0(1.3)
Body mass (kg) 74.4 (8.1)
Height (cm) 179.6 (8.7)
Start running velocity (km/h) 11.6 (1.9)

Standard deviation: SD, body mass index: BMI.

16



3.2. Glucose’s Impact on Lactate Accumulation.

Table 2 showed no significant differences in intervals between the interventions without
and with added glucose. There was no significant difference in velocity at OBLA

(p=0.119) regarding interpolated velocities at 4 mmol/L.

Table 2. Mean values, standard deviation, and p-values of LA with and without added
glucose. (n=15)

Lactate Without glucose Mean (+SD) With glucose Mean (+SD) p-value
I1 (mmol/L) 1.97 (0.83) 2.20 (0.61) 0.285
12 (mmol/L) 2.30 (0.72) 2.52(0.79) 0.293
I3 (mmol/L) 3.07 (1.30) 3.05(0.99) 0.947
Istop (mmol/L) 5.43 (1.23) 4.96 (1.14) 0.098
Velocity OBLA (km/h) |14.5 (2.4) 13.6 (2.9) 0.119

Lactate accumulation: LA; onset of blood lactate accumulation: OBLA; Interval: I; 1-3
indicates the number of intervals; Last interval measurement: Istop.

Since no significant differences were found between both interventions with and
without added glucose, data was further analyzed to show the relationship between the
interventions. To present LA over time concerning the interventions with and without

added glucose, Figure 1 presented a graph with the measured data.

Figure 1. LA over time with mean values from all intervals (LA1-LAstop) of both
interventions. (n=15)
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Lactate accumulation: LA; Last interval: LAstop; LAl-stop: Intervals 1- stop. The
values included were from the first interval to the last in mean values and standard
deviation as error bars.

To indicate the differences of the incremental interval measurements, Table 3 presented
values that showed an increase in LA during the intervention without added glucose

(Table 3). All intervals showed significant values.

Table 3. Mean values, standard deviation, and p-values of LA without added glucose.
(n=15)

Lactate (within group) Mean (£SD) Mean (£SD) p-value
I1 vs. I2 1.97 (0.83) 2.30(0.72) 0.052
I1 vs. I3 1.97 (0.83) 3.07 (1.30) <0.001
I1 vs. Istop 1.97 (0.83) 5.43 (1.23) <0.001
12 vs. I3 2.30 (0.72) 3.07 (1.30) 0.014
12 vs. Istop 2.30 (0.72) 5.43 (1.23) <0.001
I3 vs. Istop 3.07 (1.30) 5.43 (1.23) <0.001

Lactate accumulation: LA; Interval: I; 1-3 indicates the number of intervals; Last
interval measurement: Istop.
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Table 4 indicated the differences of the incremental interval measurements, and
presented values that showed an increase in LA during the intervention with added

glucose (Table 4). All intervals showed significant values.

Table 4. Mean values, standard deviation, and p-values of LA with added glucose.
(n=15)

Lactate (within group) Mean (£SD) Mean (£SD) p-value
I1vs. 12 2.21 (0.61) 2.52(0.79) 0.028
I1vs. 13 2.21 (0.61) 3.05(0.99) <0.001
I1 vs. Istop .21 (0.61) 4.96 (1.14) <0.001
12 vs. 13 2.52 (0.79) 3.05(0.99) 0.003
12 vs. Istop 2.52 (0.79) 4.96 (1.14) <0.001
I3 vs. Istop 3.05 (0.99) 4.96 (1.14) <0.001

Lactate accumulation: LA; Interval: I; 1-3 indicates the number of intervals; Last
interval measurement: Istop.

3.3. BORG-Lactate Correlation

No significance was found for RPE values with and without added glucose (Table 5).

Table 5. Mean values, standard deviation, and p-values of RPE with and without added
glucose. (n=15)

RPE Without glucose With glucose p-value
Mean (£SD) Mean (£SD)

I 10.0 (2.17) 10.3 (1.92) 0.442

12 12.2 (2.11) 12.1 (1.69) 0.882

I3 14.1 (1.73) 14.2 (1.52) 0.865

Istop 16.5 (1.59) 16.7 (1.39) 0.634

Rate of perceived exertion: RPE, according to the BORG scale ranges from 6 to 20.
Interval: I; 1-3 indicates the number of intervals; Last interval measurement: Istop.

Figure 2. RPE over time with mean values from all intervals (RPE1-RPEstop) of both
interventions. (n=15)
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Rate of Perceived Exertion: RPE; Last interval: RPEstop; RPE1-stop: Intervals 1- stop.
The values included were from the first interval to the last in mean values and standard
deviation as error bars.

Presented values of RPE from the incremental intervals without glucose showed all
significant differences from paired sample t-tests according to increased intensity (Table

6).

Table 6. Mean values, standard deviation, and p-values of RPE without added glucose.
(n=15)

RPE (within the group) Mean (£SD) Mean (£SD) p-value
I1vs. 12 10.0 (2.17) 12.2 (2.11) <0.001
I1vs. 13 10.0 (2.17) 14.1 (1.73) <0.001
11 vs. Istop 10.0 (2.17) 16.5 (1.59) <0.001
12 vs. 13 12.2 (2.11) 14.1 (1.73) <0.001
12 vs. Istop 12.2 (2.11) 16.5 (1.59) <0.001
I3 vs Istop 14.1 (1.73) 16.5 (1.59) <0.001

Rate of perceived exertion: RPE, according to the BORG scale ranges from 6 to 20.
Interval: I; 1-3 indicates the number of intervals; Last interval measurement: Istop.
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Presented values of RPE from the incremental intervals with glucose showed all
significant differences from paired sample t-test according to increased intensity (Table

7).

Table 7. Mean values, standard deviation, and p-values of RPE with added glucose.

(n=15)

RPE (within the group)  Mean (£SD) Mean (£SD) p-value
I1vs. 12 10.3 (1.92) 12.1 (1.69) <0.001
I1vs. 13 10.3 (1.92) 14.2 (1.52) <0.001
I1 vs. Istop 10.3 (1.92) 16.7 (1.39) <0.001
12 vs. I3 12.1 (1.69) 14.2 (1.52) <0.001
12 vs. Istop 12.1 (1.69) 16.7 (1.39) <0.001
13 vs Istop 14.2 (1.52) 16.7 (1.39) <0.001

Rate of perceived exertion: RPE, according to the BORG scale ranges from 6 to 20.
Interval: I; 1-3 indicates the number of intervals; Last interval measurement: Istop.

The intervention without added glucose indicated poor correlations between LA and
RPE while the intervention with added glucose indicated stronger correlations. At the
second interval of the intervention with added glucose, LA and RPE negatively

correlated with a fair correlation (-0.475).

4. Discussion

The findings in this study indicated that glucose had no impact on LA or RPE, and the
results did not find statistical significance. LA increased with each incremental interval
for both interventions, with and without added glucose, as intended. Similarly, RPE also
increased. RPE showed a stronger correlation in the intervention with added glucose

compared to the intervention without added glucose.
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4.1. Results Discussion
4.1.1. Glucose’s Effect on Lactate Accumulation.

The statistical analysis of our study did not indicate that glucose had any significant
impact on LA. Similarly, Radziuk et al. (1983), found that glucose had no impact on
LA. There was a noticeable trend in mean velocity at OBLA between the intervention
without and with added glucose. Participants had a lower mean velocity with ingested
glucose compared to a higher velocity without ingested glucose. Furthermore, some
individuals did not reach 4 mmol/L in the second intervention. In contrast, research has
shown that glucose can enhance performance during prolonged running, lasting
approximately two hours (Jeukendrup, 2013). The short duration of our interventions
may explain the lack of observed effects. A study by McConnell et al. (1999) on cyclists
found that glucose prolonged time to exhaustion, although they did not observe any
differences in increased lactate accumulation between the trials. Unfortunately, most
studies investigating glucose’s influence on exercise performance have mainly focused

on its relationship to the percentage effort from maximal oxygen uptake.

Tokmakidis et al. (2000) recommends ingesting an extensive amount of glucose 30
minutes before exercise to allow time for assimilation and establishing hormonal
balance (Tokmakidis et al., 2000). However, our study indicates that glucose
assimilation might have begun before onset of exercise, potentially causing
hypoglycemia. The time of glucose ingestion prior to exercise has been studied
extensively. Research suggests that ingesting glucose 15 minutes before exercise at a
rate of 1g/kg bw, can enhance performance by elevated blood glucose concentrations
(Tokmakidis et al., 2008). Blood glucose concentrations peaked after 15 minutes and
declined before the start of exercise. The intervention in Tokmakidis et al. (2008) was
longer than in our study, lasting for 60 minutes until exhaustion (Tokmakidis et al.,
2008). In comparison to our findings, it is uncertain if longer durations or interval
running (Jeukendrup, 2013) are more beneficial to performance enhancement with
additional glucose. However, our findings did not indicate any performance
enhancement, which could be due to the limited sample size. Increasing the number of

participants might have shown more comprehensible results.
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Other factors that may have influenced the significance of our findings could be related
to participants’ meal composition before the interventions, which might have had a
greater impact on performance than glucose ingestion close to exercise (Febbraio et al.,
1996). Our study did not request participants’ recent food intake or require them to keep
a food journal, which could potentially have affected the results. A study by Sever et al.
(2020) observed that blood glucose levels peaked 90 minutes after breakfast, and after
60 minutes after lunch and dinner (Sever et al., 2020). Scientists indicate that glycemic
index or load correlates with increasing blood glucose levels after meals in the
postprandial phase (Hopper et al., 2013). Participants in our study arrived at different
times and likely consumed meals with varying macronutrient compositions. Depending
on the macronutrient content of the meal, it is reasonable to assume that the glycemic
load is unknown, making it impossible to accurately know the amount of glucose in the
body. In our study, blood glucose concentration was not measured, preventing a direct
comparison with individual concentration of blood glucose. The standardizations were
the same for both interventions and by adding that they should prepare for the
interventions in the exact same way could be a possible way to get statistical

significance.

4.1.2. The Correlation of the BORG Scale and Lactate

Accumulation

The RPE increased linearly with incremental intervals as expected, corresponding to the
increasing exercise load in each interval for both interventions. However, no statistical
differences were detected for RPE with and without added glucose. This could be due to
the short duration of exercise as well as a small sample size, as mentioned earlier. The
r-value for the intervention without added glucose revealed a poor correlation between
LA and RPE across all intervals. In contrast, the intervention with added glucose
showed a fair correlation according to r-values between LA and RPE. This suggests that
ingested glucose may result in a higher perceived exertion relative to LA, a difference
that is clearer compared to the intervention without ingested glucose.
Chryssanthopoulos et al. (1994) suggests that added glucose does not impact the
perception of exhaustion. Additionally, if glucose would have affected LA, it is likely
that changes in RPE would have been detected. This aligns with our findings of no
significant difference in LA or RPE.
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Similarly, Goudini et al. (2024) investigated physical exhaustion using reported RPE
across different time intervals. Their findings indicated that physically exhausted
individuals perceived time as passing more quickly, despite reporting higher RPE
compared to other study groups (Goudini et al., 2024). These findings could help
explain the results of the negative correlation observed in the second intervention
between LA and RPE with glucose ingestion. Both values increased, although RPE
increased at a slower rate and therefore, participants may have accumulated lactate

higher but rating a lower RPE, leading to a stronger correlation.

A study has found that mental toughness can be enhanced through psychological
exercise (Cooper et al., 2019). It was observed that elite athletes had higher levels of
mental toughness, which is believed to have developed gradually over time. In these
exercise sessions, participants reported their RPE and challenged themselves during
sessions with high RPE (Cooper et al., 2019). However, participants in our study did not
reduce their intensity or discontinue their participation. This could be associated with
their regular exercise routine, as they were required to run at least 10 km in a workout
per week. This consistency demonstrates a form of mental toughness, suggesting that
they were unlikely to give up during our data collection or rate their exertion high
enough to terminate the test protocol (Soundara Pandian et al., 2022). It is likely that the
participants in our study had a high level of mental toughness, although we do not have

a specific measure or value for this.

4.2. Methods Discussion

In a crossover design, each participant acts as their control, reducing inter-subject
variability between groups (Lim et al., 2021). Despite the small sample size, it is
possible to estimate high accuracy. Participant withdrawal did not occur, and tests were
not randomized, which ensured consistency and minimized variations (Lim et al., 2021).
The tests were conducted seven days apart, minimizing the impact of exercise-induced
enhancements. Measurements were taken at the same time of the day, reducing

individual metabolism changes between intervention results.
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Lactate concentration was measured from capillary blood at the fingertip using Lactate
Pro 2. Previous research (Raa et al., 2020) found no significant differences in lactate
sampling sites within healthy individuals. However making the fingertip a valid
sampling site (Raa et al., 2020). Compared to laboratory-based analyzers, Lactate Pro 2
measures lactate concentrations approximately 1.42 times higher (Crotty et al., 2021).
Since the study utilized the same analyzer consistently throughout the data collection
process, any error associated with the device would remain constant for each
measurement, not influencing the collected data. Furthermore, this study had two test
leaders who conducted lactate measurements together and separately, potentially
affecting inter-rater reliability (Wu et al., 2007). Despite consistent methodology,

variations in measurement timing during the 30-second breaks could have occurred.

Participants reported their best contemporary 10-kilometer running time, although
regular exercise routine, reflecting varying aerobic endurances, was not considered,
possibly affecting the results. Future research could benefit from more specific
standardizations and inclusion criteria for aerobic endurance, such as recent endurance
exercise history or total running distance over the past four weeks, to further standardize
the sample inclusion. The research on a women only population to this day is lesser than
on an all male or mixed population. Doing research on women only could be beneficial
for a more physiological understanding on how glucose affects LA and RPE in

endurance running women.

Participants were allowed to drink water during the interventions, and with no specific
volume combined with glucose. Future research is suggested to limit the amount of
water ingested during the intervention and also mixing the glucose with a specific

amount of water for all participants.

Moreover, advancing the knowledge of previous studies together with our study, there is
an interest in researching larger quantities of glucose and different time frames for
assimilation. Additionally, it is important to compare LA with blood glucose
concentrations and insulin secretion to understand the relationship between these

physiological parameters. Future research could also use additional resources to
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evaluate mental toughness before exercise and develop a Borg scale correlation to
lactate accumulation. This could deepen the understanding of how physical activity
affects psychological aspects such as perceived exertion, exhaustion, and mental

toughness.

Conclusion

This crossover design study aimed to determine whether glucose affected lactate
accumulation (LA) and rate of perceived exertion (RPE). The study did not find
significant differences, which indicates that glucose had no impact on LA or RPE
during short-term exercise with incremental intervals. With added glucose a stronger
correlation between LA and RPE was found. Further research with a larger sample and
more specific standardizations may provide more knowledge about glucose’s impact on

LA and RPE.
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Appendix I

Fragor innan deltagande i studie:

1.

Ar du motionslopare?

ja  [Inej

Har du sprungit 10 km senaste veckan?

(ja  [Inej
Har du diabetes?
ja  [Inej

Har du négon hjart- eller karlsjukdom?

‘ja  [Inej
. Har du hogt blodtryck?
‘ja  [Inej

Har du nagra neurologiska sjukdomar (ex, epilepsi, stroke, MS)?
ja  [Inej

Tar du nagra mediciner som paverkar ditt hjarta/puls (ex, betablockerare)?

[ja  [Inej

Har du en nutida skada som paverkar 16pning?

‘ja  [Inej

Var vinlig och aterkoppla dina svar pa frigorna.
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Appendix 11

2024-02-19

HOGSKOLAN 4
| HALMSTAD

Information till forsokspersoner kring studentprojekt kring kolhydraters

paverkan pa mjolksyraniva som genomfors av tva studenter under utbildning.

Vi vill frdga dig om du vill delta i ett studentprojekt hur glukos fore traning paverkar
produktionen av mjolksyra hos motionsldpare. I det hdar dokumentet far du information

om projektet och om vad det innebdr att delta.

Vad ir det for ett projekt och varfor vill ni att jag ska delta?

Du far denna information eftersom du dr motionslépare och/eller medlem i Fika
Sportsclub och har lamnat uppgift att du &r intresserad av att delta.

Mjolksyra ar en del av kroppens energiproduktion och deltar i flera processer, speciellt i
traningssammanhang. Kolhydrater dr en stor bidragande del till kroppens
energiproduktion under traning bade nar muskulaturen har tillgang till syre och inte.
Produktion av mjolksyra sker framforallt ndr kroppen inte har tillracklig tillgéng till
syre. Vi vill i aktuellt projekt undersdka sambandet mellan intaget av kolhydrater och
mjolksyraproduktion hos motionsldpare.

Forskningshuvudman for projektet ar Hogskolan 1 Halmstad och vi som studerar ar
projektansvariga. Med forskningshuvudman menas den organisation som &r ytterst
ansvarig for projektet. Projektet dr d&ven godként av ansvariga for utbildningen

Biomedicin - inriktning trdningsfysiologi.

Hur gér projektet till?

Under tva tillfillen kommer du som deltagare att genomfora ett 16pbandstest dér vi
mater din niva av mjolksyra 1 kroppen med och utan extra kolhydrater. Vid forsta
tillfallet kommer méitningen genomforas utan extra kolhydrater och vid andra tillféllet
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kommer métningen genomforas med extra kolhydrater. Testet dr anstringande men
innebar ingen maximal anstrangning. Du har nidr som helst ritt att avbryta. Testet pagar i
20-30 minuter. Mjolksyran méts i olika intervall genom ett stick i1 pek- eller langfingret
samtidigt som du springer. Laktatméngden maéts vid minst 4 tillfdllen under testet,

maximalt blir du stucken 5 ginger.

Maingden blod som kridvs per métning dr mycket liten, ungeféar 20 pul blod.

Mojliga foljder och risker med att delta i projektet

Med deltagande i den hér studien kan du fa individuell information som du kan anvédnda
1 din fortsatta tridning for att utveckla din kondition. Detta genom att f& en uppfattning
om din konditionsniva som ett métvarde ifall du gor ett liknande test i framtiden. Du har
aven mojlighet att utveckla dina kunskaper kring din kondition, mjélksyra och

kolhydrater.

Lopbandstestet kan vara anstrdngande och upplevas utmanande. Detta kan inte undvikas
men upplevelsen blir behagligare genom att inte trdna hart samma dag och dagen innan.
Du har under pagaende test dven en dialog med testledarna om du upplever det for
anstrangande och vill avbryta. Testledarna kommer att observera ditt mdende under
testets genomforande och om testledarna bedomer att du inte mér bra sa kommer testet
att avbrytas. Sjdlva sticket kan upplevas obehagligt d& det dr en nypande kénsla i
fingret, men det dr snabbt dvergaende. Du uppmanas att hela tiden hélla blicken rakt
fram fOr att inte uppleva obehag vid sticket, men dven for din sdkerhet under tiden du ar
1 rorelse pé ett Iopband. Efter sticket kan du fa ett blaméarke dir blodprovet har tagits,
detta dr oundvikligt men snabbt 6vergdende och inget farligt. Vid ldngvarig problematik
rekommenderar vi dig att ta kontakt med sjukvard. Testet dr inget maxtest men det finns
en liten risk for att snubbla eller falla pa 16pbandet. Lopbandet dr utrustat med nddstopp,
vilket stannar ldpbandet omedelbart och det finns d&ven handstdng vilket gor risken liten.

Deltagandet ar frivilligt och du har rétt att ndrsomhelst avbryta.

Vad hinder med mina uppgifter?

Projektet kommer att samla in och registrera information om dig. Vikt, langd, kon, &lder
och testresultat kommer att samlas in. Dina personliga uppgifter kommer att ersittas
med en kod. Koden kommer forvaras separerad fran 6vrig insamlad data, vilket innebdr

att data inte gar att spéra till din identitet. Hogskolan 1 Halmstad ar ansvarig {for
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hanteringen av dina personuppgifter. Informationen sparas pé ett USB-minne och
kommer att raderas efter att arbetet dr godkadnt och uppladdat pa hogskolans digitala
arkiv DiVA. Enligt EU:s dataskyddsforordning har du ratt att kostnadsfritt begéra att fa
tillgang till information om dig som behandlas i projektet och korrigera eventuella fel.
Insamlingen av information kommer att folja lagstiftningen kring
dataskyddsforordningen (GDPR). Du har 4ven mgjlighet att begéra radering av dina
uppgifter och begransning av behandlingen av dina personuppgifter. For att fa tillgdng
till dina uppgifter, kontakta i forsta hand projektansvariga studenter eller vid behov

forskningshuvudman. Dataskyddsombud nés via dataskydd@hh.se. Om du dr missndjd

med hur dina personuppgifter behandlas har du rétt att [imna in klagomal till

Integritetsskyddsmyndigheten som ér en tillsynsmyndighet.

Vad hinder med mina prover?

Blodproverna kommer att kasseras som medicinskt avfall direkt efter provtagning.

Hur fir jag information om resultatet av projektet?

Som deltagare kan du vilja om du vill eller inte vill ta del av din individuella data. Vill
du ta del av den pratar du med projektansvariga studenter. Projektets resultat kommer
endast att presenteras pa gruppniva och det fardiga projektet kommer att publiceras pa
DiVA (digitala vetenskapliga arkivet). Vid ofoérutsedda fynd ombeds du att kontakta

sjukvarden.

Forsikring och ersittning

Under testets gang dr du som deltagare forsikrad via Hogskolan i Halmstad. Vid
deltagande 1 projektet utgédr ingen erséttning, varken for din tid eller for eventuell
forlorad arbetsinkomst. Ditt deltagande ar frivilligt och du kan nédr som helst vélja att
avbryta deltagandet. Om du vill avbryta ditt deltagande ska du kontakta

projektetansvariga studenter.

Ansvariga for projektet

Rebecka Stenstrom
Tyra Johansson
Handledare

Maria Andersson
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Appendix ITI

HOGSKOLAN
| HALMSTAD

Samtycke till deltagande i studentprojektet ‘Hur glukos fore trining paverkar

produktionen av mjolksyra hos motionslopare’

Jag har fatt muntlig och/eller skriftlig information om studien och har haft mojlighet att

stélla fragor. Jag far behalla den skriftliga informationen.

e Jag samtycker till att delta i projektet ‘Hur glukos fore traning paverkar

produktionen av mjdlksyra hos motionslopare.’

e Jag samtycker till att de personuppgifter som samlas in behandlas i enlighet med

hur det beskrivits i informationen.

Plats och datum

Underskrift

Namnfortydligande
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Appendix IV

The BORG scale

0 00 N O

10
11
12
13
14
15
16
17
18
19
20

Very, very light

Very light

Fairly light

Somewhat hard

Hard

Very hard

Very, very hard

(Scherr et al., 2013)
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