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Summary
Background: Long distance practice running are growing and nutritional ergogenic are commonly used as a potential aid
in final training and competition performance. Caffeine (CAF) and carbohydrates (CHO) are among the most commonly used
supplements due to their expected ergogenic properties that can optimize energetic systems. The objective of this study was to
examine potential changes in 10-km running performance with acute isolated and combined CAF and CHO supplementation.
Material and method: Fifteen recreational endurance-trained runners performed four 10-km running performance on an
official athletic track (400 m) under four supplementation conditions: placebo and placebo (PLA+PLA), placebo and caffeine
(PLA+CAF), placebo and carbohydrates (PLA+CHO), caffeine and carbohydrates (CAF+CHO). CAF and CHO supplementation
consisted of capsules of 6 mg·kg-1 and 8% CHO solution (1 g·kg-1) respectively, ingested 60 and 30 minutes before the performance tests. Placebo was obtained through empty capsules for CAF and juice for CHO without sugar (Clight®). During each
trial running speed to calculate 10-km mean velocity (MV) and maximum heart rate (HRmax) were analyzed.
Results: There was a difference in the pacing strategy adopted by the runners with higher MV during the initial phase for
PLA+CAF and CAF+CHO groups and in the final phase for PLA+ CHO. However, there was no statistically significant difference
in 10-km running performance between the conditions, as well as for HRmax.
Conclusions: The use of acute, isolated and combined CAF+CHO supplementation had influence in the pacing strategy, but
no in 10- km final performance, of recreational runners.

La suplementación aguda, aislada y combinada de cafeína y carbohidratos
como estrategias de alimentación cambia el rendimiento y un ritmo de
carrera de 10-km? Un estudio aleatorizado, cruzado, doble ciego,
controlado con placebo
Resumen
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Introducción: Las carreras de larga distancia están creciendo y los ergógenos nutricionales se usan comúnmente como una
ayuda potencial en el entrenamiento final y el rendimiento en competición. La cafeína (CAF) y los carbohidratos (CHO) se
encuentran entre los suplementos más utilizados debido a sus propiedades ergogénicas que pueden optimizar los sistemas
energéticos. El objetivo de este estudio fue examinar posibles cambios en el rendimiento de carrera de 10-km con suplementación aislada aguda y combinada de CAF y CHO.
Material y método: Quince corredores recreativos realizaron cuatro carreras de 10-km en una pista deportiva oficial
(400 m) bajo cuatro condiciones de suplementación: placebo y placebo (PLA + PLA), placebo y cafeína (PLA + CAF), placebo
y carbohidratos (PLA + CHO), cafeína y carbohidratos (CAF + CHO). La suplementación con CAF y CHO consistió en cápsulas
de 6 mg·kg-1 y solución de CHO al 8% (1 g·kg-1) respectivamente, ingeridas 60 y 30 minutos antes de las carreras. El placebo
se obtuvo usando cápsulas de CAF vacías y jugo sin azúcar para CHO (Clight®). Durante cada carrera, se analizó la velocidad
de carrera para calcular la velocidad promedio de 10-km (VP) y la frecuencia cardíaca máxima (FCmáx).
Resultados: Hubo una diferencia en la estrategia de carrera adoptada por los corredores con la VP más alta durante la fase
inicial para los grupos PLA + CAF y CAF + CHO y en la fase final para PLA + CHO. No hubo diferencias estadísticamente significativas en el rendimiento de carrera de 10-km entre las condiciones, así como en la FCmáx.
Conclusiones: El uso de suplementos agudos, aislados y combinados de CAF + CHO influyó en la estrategia de carrera, pero
no en el rendimiento final de 10-km en corredores recreativos
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Introduction
Scientific research’s designed to assess physiological and performance parameters responses with the aim of improve professional and
recreational running performance are growing due to the increase in
long distance running practices1,2. In this context, nutritional ergogenic
are commonly used as potential aid in final training and competition
performance. Among the possible nutritional supplements that are
commonly used, the isolated and combined caffeine (CAF) and carbohydrates (CHO) feeding strategies are the most ergogenic resources
used in endurance exercise2-4. Previous studies have indicated that
CHO ingestion has a positive effect on endurance performance5,6. This
effect have been attributed to the maintenance of plasma glucose
concentrations and, high rates of CHO oxidation late in exercise when
muscle and, liver glycogen level are low5.
Additionally, CAF has been widely used as an ergogenic aid to
increase physical performance7,8, and is the most frequently aid used by
athletes for it influence in the central nervous system (CNS)9, optimize
skeletal muscle function and reduce the perception of pain10. Cox et al.7
demonstrated an increased endurance performance (~ 3.1% in time
trial) in twelve highly trained cyclists after the ingestion of 6 mg·kg-1 of
CAF, independent of the time it was ingested (i.e., pre-exercise, each
20 minutes during exercise and, between 100 and 120 minutes during
exercise), which the authors hypothesized to be related to an increase
in plasma free fat acids (FFA) concentration and to an increase in fat
oxidation, both from blood-borne and intramuscular stores during the
exercise. However, few studies have investigated the effects of CAF
ingestion prior to exercise performance in runners, which still is restrict
to shorter running distances11,12.
Previous studies have also investigated the potential effect of the
combination of these two supplements, which has demonstrated
greater improvements in endurance performance when they are coingested than either independently13, possibly due to CAF increasing
the rate at which CHO can be absorbed14. The absorption of glucose in
the intestine regulates the amount that it is delivered into circulation,
becoming saturated at higher glucose ingestion rates, which may
further prevent absorption limiting CHO availability to circulation14.
CAF consumption could then significantly increase intestinal glucose
absorption increasing CHO availability and increase exogenous CHO
oxidation during exercise14. However, some studies that have evaluated
the potential effect of the ingestion of CAF combined with CHO on
endurance performance than that of CHO alone have been equivocal7.
Nonetheless it is not well established whether their combination
can produce different results from isolated use during physical exercise
due to contradictory results reported by studies using different doses,
types and time management in addition to exercise protocols with
different energy requirements3,15. Moreover, few studies have found
isolated and combined effect of CAF and CHO in running16, however
the researchers investigated the independent and synergistic ability of
CHO and CAF mouth rinsing to improve intermittent running performance. However, it is currently unknown whether the acute isolated
and combined supplementation of caffeine and carbohydrate feeding
strategies influences endurance performance during running.
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Therefore, the aim of this study was to verify potential changes in
10-km running performance with acute isolated and combined CAF
and CHO supplementation, and in addition, to verify the effects of
both supplementations on the pacing strategy and other associated
physiological variables. Our hypothesis is that the combined and isolated
use of these two supplements modifies 10-km running performance
as well as the pacing strategy, but with larger changes observed when
these supplementations are combined.

Material and method
The sample size was calculated with the software G*Power version
3.1.9.2 (Düsseldorf, Germany), considering an effect size of 0.25, power of
80% and alpha of 0.05 for the primary outcome performance. The priori
power analysis revealed a minimal sample of 15 participants. Fifteen
male, recreational, endurance-trained runners (age 25.2 ± 2.8 years old,
height 180.0 ± 6.0 cm, body mass 79.9 ± 7.7 kg, body mass index (BMI)
24.6 ± 1.9 kg·m−2, body fat 14.2 ± 2.9 % and basal metabolic rate (BMR)
2185.7 ± 232.0 kcal·day-1) from regional and local standard level with a
minimum of 2 years of training experience and a training volume of at
least 20 km·wk−1 (training experience 4.1 ± 3.5 years, frequency 2.7 ±
1.4 days·wk−1 and distance between 60 and 70 km·wk−1) volunteered to
take part in this study. The 10-km running times of the participants were
between 35 and 60 min, with a pace between 10 and 17 km h−1 (≈ 44
and 75% of the World record). Prior to testing, all participants provided
a proper written informed consent and The University Ethics Committee
approved the experimental protocol (#41915/2012).

Experimental overview
In a randomized, crossover, double-blinded and placebo-controlled
design, each participant performed four 10-km running performance
under four supplementation conditions in alternate order: placebo
and placebo (PLA+PLA), placebo and caffeine (PLA+CAF), placebo and
carbohydrate (PLA+CHO), caffeine and carbohydrate (CAF+CHO). The
interval between each performance was at least 72 to 96 h; participants
were instructed to avoid eating 3 h before the tests, to abstain from CAF
and alcohol, and to refrain from strenuous exercise also for 24 h before.
All tests were performed on a 400 m official outdoor track at the same
time of the day to minimize the influence of circadian variance. Participants received a dietary control that was made during all protocol for
CAF and blood glucose levels control.

10-km performance
Participants undertook four 10-km running performance on the
track field (400 m) outdoor without the presence of opponents or
another competitor on the track being all preceded by a self-determined
warm-up of 10 min. To determine 10-km running performance, participants were asked to complete the distance as quickly as possible on the
track field. Participants freely choose their pacing strategy during the
performance being then blinded for pacing through the test and the
time was hand-timed every 400 m to the nearest second. The overall
mean velocity (MV) for each trial was calculated by dividing the total
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distance covered by the trial duration. Additionally, partial MV were
calculated in three phases: (1) start (first 400 m), (2) middle (400-9.600
m) and (3) end (last 400 m), as previously reported1,17. Mineral water was
provided ad libitum in cups throughout performances, so that runners
could hydrate themselves as they were used to do in long-distance races.
Heart rate was recorded each trial (Polar® RS800sd, Kempele, Finland)
to calculate submaximal heart hate (HRsubmax) and maximal heart hate
(HRmax) was defined as the highest HR value recorded during the test.

Supplementation protocol
The CAF capsules doses were administrated for each participant
in the amount of 6 mg·kg-1, 60 minutes before the test18. The 8% CHO
solution was offered in maltodextrin powder form with 1 g·kg-1, 30
minutes before the test. The PLA effect was obtained through empty
capsules with the same characteristics of form, weight and color as
CAF. The PLA for maltodextrin was juice by Clight® without sugar (0 g
carbohydrates) and with the same flavor6.

Statistical analyses
The data were analyzed using the Statistical Package for the Social
Sciences 13.0 software (SPSS® Inc., Chicago, IL, USA). The Shapiro-Wilk
test was used to verify the data distribution normality and the data
are presented as mean ± standard deviation (SD). The variables were
compared using a two-way analysis of variance (Anova) with repeated measures, with condition (PLA+PLA, PLA+CAF, PLA+CHO and

CAF+CHO) and distance (0 – 0.4 km, 0.4 – 9.6 km and 9.6 – 10-km) for
MV and HR, as factors followed by the Bonferroni post hoc test. The
sphericity assumption was verified through the Mauchly’s test and,
where violations occurred, degrees of freedom were corrected using
Greenhouse-Geisser estimates of sphericity. Statistical significance was
set at P<0.05. Comparisons were confirmed through graphical error to
avoid type I error. In addition, a Bayesian Anova was used to determine
changes in MV and HR as dependent variables, condition and distance
as fixed factors., using the software JASP® (University of Amsterdam,
Department of Psychology & Psychological Methods unit), considering
BF10 as Bayes Factor and Bayes Factor inclusion (BFincl) to analyze the
effects for it model.

Results
The variables time 10-km, MV 10-km and HRmax obtained during
10-km running performance in PLA +PLA, PLA+CAF, PLA+CHO and
CAF+CHO supplement conditions are presented in Table 1. These
variables did not differ between supplement conditions.
The individual results of the 10-km running performance in each of
the conditions are presented in Figure 1. Although there was no statistical difference in 10-km performance between conditions (P = 0.981),
individual analysis shown that of the 15 participants who completed
the experimental protocol, 7 presented a shorter time in PLA+CAF
condition (Figure 1 A); 8 in the PLA+CHO condition (Figure 1 B) and
9 in the CHO+CAF condition than in the PLA condition (Figure 1 C).

Table 1. Comparison of 10 km final time, MV and HRmax obtained in 10-km running performance between PLA, PLA+CAF, PLA+CHO and
CAF+ CHO (n = 15).
Variables

PLA

PLA+CAF

PLA+CHO

CAF+CHO

F

P

Time 10 km (min)

50.0 ± 3.9

50.0 ± 4.7

50.0 ± 5.2

49.9 ± 5.0

0.05

0.981

MV 10 km (km·h-1)

12.1 ± 1.0

12.1 ± 1.3

12.2 ± 1.5

12.2 ± 1.4

0.21

0.882

HRmax (bpm)

186 ± 8.1

186 ± 8.8

185 ± 8.0

189 ± 9.4

1.27

0.297

Note: PLA placebo and placebo, PLA+CAF placebo and caffeine, PLA+CHO placebo and carbohydrate, CAF+CHO caffeine and carbohydrate, MV mean velocity, HRmax maximum heart rate.
P < 0.05

Figure 1. Mean and individual results of the 10-km running performance in each of the conditions. PLA vs PLA+CAF (A), PLA vs PLA + CHO
(B), PLA vs CHO + CAF (C). Dash line represents the mean values.
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Figure 2. Running pacing strategy adopted by the participants of
the present study for the PLA, PLA+CAF, PLA+CHO and CAF+CHO
condition, during 10 km running performance.
15

PLA
PLA + CHO

MV (km · h-1)

14

to the middle (12.1 ± 1.2 km·h-1) and start phase (12.8 ± 1.6 km·h-1). For
the PLA-CHO group, the MV in the start phase were lower than that
in the end phase (12.4 ± 1.7 km·h-1 vs. 13.5 ± 1.6 km·h-1; P = 0.03), and
the middle phase were lower than the end phase (12.1 ± 1.4 km·h-1 vs.
13.5 ± 1.6 km·h-1; P = 0.001). In addition, for the CAF-CHO group there
was a significant difference for MV during the start phase compared
to the middle phase (12.9 ± 1.2 km·h-1 vs. 12.1 ± 1.4 km·h-1; P = 0,019).
Nonetheless, there was no difference for MV during each phase of the
10-km running performance for PLA group. In addition, the Bayesian
analysis demonstrated that when compared to the Null model, phase
is a better model (BF10= 12.769; BFincl= 8.531), but when the condition
and the interaction between condition and phases are analyzed the Null
model was considered better (BF10= 0.010; BFincl= 0.025 for condition;
BF10= 0.463; BFincl= 0.006 for interaction).
Figure 3B shows the HRsubmax during each phase of the 10-km
running performance. There were no statistical differences between
groups for each phase of the 10-km running performance. Within group
analyses demonstrated that there were statistical differences between
HR during each phase (P < 0.001). Post hoc analyses demonstrated that
there was an increase in HR during each phase of the 10-km running
performance for all groups (P < 0.001). The Bayesian analysis demonstrated that when compared to the Null model, phase (BF10 < 0.001;
BFincl < 0.001), condition (BF10 < 0.001; BFincl = 0.208), and the interaction
(BF10 < 0.001; BFincl = 0.034) were not considered better models.
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Figure 2 shows the variation of MV according to distance, which
demonstrate that the participants used the “constant” running pace as a
test strategy in PLA condition. In the conditions PLA+CAF and CAF+CHO
a “negative” strategy was observed, and in PLA+CHO condition a “J”
strategy was observed.
Figure 3A shows the MV in each phase (start, middle and end phase)
of the 10-km running performance. There was no significant difference
between conditions for MV during each phase of the 10-km running
performance. In addition, there was a significant main effect for MV
during each phase within group for the 10-km running performance.
Post-hoc analysis showed that there was a significant difference between
the start phase than that in the middle phase for the PLA-CAF group
(12.8 ± 1.6 km·h-1 vs. 12.1 ± 1.2 km·h-1; P = 0.017). For the CAF+CHO
group, the MV in the middle phase were lower than the initial phase
(12.8 ± 1.6 km·h-1 vs. 12.1 ± 1.2 km·h-1; P = 0.017), with no significant
difference between the end phase (13.0 ± 1.6 km·h-1) when compared

Discussion
The aim of this study was to verify potential changes in 10-km
running performance with acute isolated and combined CAF and CHO
supplementation, and in addition, to verify the effects of both supplementations on the pacing strategy and other associated physiological
variables. The main finding was that acute isolated and combined CAF
and CHO supplementation did not modify the final 10-km running performance, with differences only in pacing strategy, partially confirming
our initial hypothesis.

Figure 3. Mean velocity (A), Heart rate (B) during the different phases adopted by the participants of the present study for the PLA, PLA+CAF,
PLA+CHO and CAF+CHO condition.
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The CAF is an ergogenic aid, widely used mainly in endurance
events, which has demonstrated positive effects in the performance
of most of the studies19,20, however in the present study no difference
was observed in performance of 10-km after ingestion of CAF. Similar
results were found by Bell, McLellan, & Sabiston21 who evaluated
CAF intake in 10- km on a treadmill showing that 4 mg·kg-1 dosage
did not affect performance (CAF: 46.0 ± 2.8 minutes; PLA: 46.8 ± 3.2
minutes). Although there was no statistical difference between PLA
+ CAF compared to PLA, 7 participants had a small improvement in
performance (Figure 1A). This difference between the participants can
be explained by individual factors, such as genetic factors that could
explain this individual variability. Previous studies have suggested that
inter-individual variations in polymorphisms of CYP1A2 and ADORA2A
lead to different responses on running performance12,19. The first gene
is responsible for metabolizing the caffeine in paraxanthine, theobromine, and theophylline; the second gene regulates the adenosine
receptors12,19.
In addition, this small effect of supplementation on endurance
performance is in agreement with the literature. In a recent systematic
review and meta-analysis that verified the effect of acute caffeine
ingestion on endurance performance, Southward et al.20 concluded
that caffeine can be used as an effective ergogenic on environment
like sport settings, where small increases in performance could lead
to greater results.
Nonetheless, the role of CHO feeding as an ergogenic strategy
to increase endurance capacity were consistently demonstrated in
previous studies22,23. It has been demonstrated that during prolonged
exercise the induced fatigue is often associated with muscle glycogen
depletion and reduced blood glucose concentrations24 and, therefore,
an increased pre-exercise muscle and liver glycogen concentrations are
believed to be essential for optimal endurance performance. Previous
studies have shown that the improvements in performance during
prolonged (e.g. > 2 h) and short (e.g. < 60 minutes) exercise durations
cannot be explained by the same mechanisms22,25.
However, during short exercise durations these ergogenic effect
of CHO as a substrate point of view is unlikely to be influenced by the
exogenous CHO, since muscle glycogen stores is generally not limiting
to performance22, when exercise durations are less than ≈ 60 minutes25.
The finding of the present investigation further supports the notion
that for exercises ranging for up to ≈ 60 minutes, the demands are adequately met by the endogenous CHO stores and rather than providing
addition benefits, exogenous CHO intake may have any further effect
on endurance performance, as no statistical difference was observed for
the group after supplementation and a slight improvement in 8 of the
15 participants after supplementation (Figure 1B), which could perhaps
be more pronounced if the activity had a longer duration.
Studies that have verified the effect of CAF and CHO combined
supplementation yield controversial results2,26,27. It is believed that one
of the advantages of this combination would be the fact that during
prolonged exercise, CAF could contribute to the final part of the performance due to its potential ergogenic effect of the stimulation of the
central nervous system (CNS), reducing perceived exertion28, as demonstrated in previous studies that found improvement in performance after
evaluating the combination of CAF and CHO26,27.

Despite the positive effects of the combination of CHO and CAF
on performance, in the present study no improvement in 10-km performance was observed after the combined intake of CHO and CAF,
a similar result of literature studies2,26. The results of the present study
reinforce the growing number of studies which found that combining
multiple ingredient supplementation may not confer exactly greater
benefit than isolated supplementation26,29.
The ingestion of the supplement on this present study in the form
of capsules may also have inhibited its potential ergogenic effect, as
studies show benefits in performance only with the mouthwash of
CHO and CAF due to initial activation of the mouth receptors that later
activate the nervous system and the central nervous system (CNS)30,31.
Perhaps the most efficient way of supplementing these substances
for performance improvement would be in liquid form or in gums31.
The pacing strategy can be influenced by several factors, among
them are the inventories of intramuscular energy substrates and metabolic alterations32. In the present study, a difference between the
conditions for the pacing strategy was observed (Figure 2). For the
PLA condition the participants of the present study adopted a more
conservative strategy during the performance of 10-km. Such a strategy is called "constant" and is characterized by the maintenance or by
a small change of velocity during the test33-35. This strategy seems to
be more common for athletes with this profile (recreational). Previous
studies that compared the race strategy adopted during a 10-km race
between runners of different levels1,36, identified that lower-level athletes
usually chosen the same "constant" strategy as observed in the present
investigation for the PLA condition. The choice of this more conservative
strategy can be explained by the fact that if the initial velocities are very
high they can induce a large imbalance at the beginning of the exercise,
which would harm the athlete for the rest of the race, which may induce
a premature fatigue, making it impossible to maintain speed impairing
the performance34.
For the conditions of caffeine supplementation (PLA+CAF,
CAF+CHO), a "negative" strategy was observed during the 10-km running performance. This strategy is characterized by a fast start and with
a later reduction in speed until the end of the performance33-35. Caffeine
appears to stimulate a faster onset of performance, which may be related
to its potential ergogenic effects, mainly the effect of the stimulant on
the central nervous system (CNS), thus increasing alertness and reducing perceived exertion31. Bertuzzi et al.17, concluded after evaluating
the contribution of some physiological and muscular variables for the
pacing strategy adopted during 10-km running performance running,
that the rating of perceived exertion is the variables that best explain
the performance in the start phase (0.4 km) of the 10-km running performance, and its reduction may have been responsible for making runners
perceive a slower speed or effort than they actually are performing.
Different from caffeine, the carbohydrate appears to have an effect
on the final outcome of the performance, since the pacing strategy
adopted by participants in the PLA + CHO condition was a "J" strategy,
characterized by a faster onset, then a reduction in the intermediate
phase and with a greater increase of velocity at the end phase, being
this one higher than the start phase33-35. This high increase in speed at
the end of the performance for this condition could be related to the
greater availability of CHO, which is the main energy substrate for high
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intensity exercise5,37. However future studies are needed to identify the
associations of pacing strategy adopted and the availability of CHO during prolonged exercise durations like the 10-km running performance.
Although different running strategies were observed for each
supplementation condition, at the end of the performance it was
possible to observe an increase in velocity, a phenomenon known as
"end spurt" or "final sprint"37. In the present study, it was found that all
the conditions were more pronounced in the PLA + CHO condition.
Regarding the HR no difference was observed between the conditions (Figure 3B), there was only difference between the three phases
of the performance for the same condition. This increase in HR over the
course of performance, even with no statistical difference in velocity
in some conditions, can be attributed to the increased metabolic demand imposed by the intensity of the activity38, as well as by extrinsic
factors such as environmental temperature and hydration status of
the participants39. In the end phase, an increase in HR was observed in
both conditions, reaching the maximum values. This increase is related
to sprint performed by runners to obtain a better result at the end of
the race33,35,40.

Conclusion
In conclusion, the use of acute, isolated and combined CAF+CHO
supplementation had no influence in the final 10-km running performance, HRmax, for the group. However, performance improvement was
observed in most participants when analyzing the results individually.
In addition, supplementation was responsible for causing changes in
the pacing strategy for recreational runners. These findings provide
important insight into the specific conditions in which the CAF and CHO
condition supplementation could be used as an ergogenic substance
for some individuals. Thus, isolated and combined CAF+CHO supplementation strategies can be used as an important tactical advantage
(i.e. pacing strategy) in 10-km running performance depending on the
strategy previously chosen by the athletes.
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