
Original Communication

No significant effect of caffeine
on five kilometer running
performance after muscle damage
Ali M. Al-Nawaiseh1, Robert C. Pritchett2, Kelly Kerr Pritchett2, Mo’ath F. Bataineh1,
Akef M. Taifour1, David Bellar3, Makenzie A. Schoeff4, Brian Fox4, Amy Judge5,
and Lawrence W. Judge4

1 Department of Sport Rehabilitation, The Hashemite University, Az-Zarqa, Jordan
2 Central Washington University, Ellensburg, Washington, USA
3 University of North Carolina, Charlotte, North Carolina, USA
4 Health and Physical Activity Building, Ball State University, Muncie, Indiana, USA
5 Ball Memorial Hospital, Muncie, Indiana, USA

Abstract: Caffeine has documented hypoalgesic effects during exercise. However, there is a lack of research focusing on caffeine’s potential
analgesic effects to ameliorate delayed onset muscle soreness. A placebo controlled randomized cross-over trial was carried out to determine
if 5 mg/kg of body weight (mg/kgBW) of caffeine attenuates muscle pain and improves 5 k running performance following delayed onset
muscle soreness. Prior to participating, eleven runners (9 male; 2 female; age, 24.5 ± 6.3 years; height, 173.6 ± 7.8 cm; body mass, 66.3 ±
7.5 kg; BMI, 23.18 kg/m2 ± 1.6; VO2max 61.0 ± 6.1 ml/kg/min!1), were asked to discontinue supplement use for 72 hours and abstain from
caffeine consumption for 48 hours. Participants performed a 30-minute downhill run on a treadmill set at !10% grade at 70% VO2max to
induce delayed onset of muscle soreness. Participants then returned 48 hours after to complete a 5 k time trial run where they consumed
either 5 mg/kgBW of caffeine or a placebo. Rate of perceived exertion and heart rate were taken every two minutes during the trial. There was
no detectable statistical difference between 5 k performance between caffeine (1074.9 ± 119.7 sec) or placebo (1053.8 ± 86.8 sec) (p = .41).
Algometer readings were similar between both treatments for muscle soreness in the rectus femoris (p = .791) and the vastus medialis oblique
(p = .371). Muscle soreness ratings were found to be greater in the caffeine condition compared to the placebo condition (p = .030). There was
no effect of treatment on rating of perceived exertion between conditions (p = .574). The present study suggests that caffeine is not effective at
reducing muscle soreness, rating of perceived exertion, or improving running performance in a time trial in the presence of muscle soreness.
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Introduction

Caffeine iswidely used in sport and has been shown to have
many beneficial physiological and psychological effects [1].
Caffeine is a central nervous system stimulant that regard-
less ofmode, intensity, or duration results in an alteration in
participants’ perceptual response during exercise testing
[2]. Recent studies have demonstrated that caffeine inges-
tion prior to aerobic bouts of exercisehas positive ergogenic
effects by delaying fatigue and increasing time to exhaus-
tion [3, 4]. In addition, caffeine is an adenosine receptor
antagonist and has a documented exercise-related hypoal-
gesic effect [5, 6]. Recent research has shown that caffeine
ingestion prior to exercise results in decreased pain percep-
tion [7,8]. Ananalysis of theefficacyof caffeineon reducing
muscle pain during submaximal aerobic exercise demon-
strated that relatively moderate caffeine doses (5 mg/kg

of body weight) attenuate leg pain [9]. Therefore, the body
of literature that suggests that caffeine supplementation
(between 5–10 mg/kgBW) has hypoalgesic effects on the
sensation of pain serves as the foundation for this current
investigation.

Caffeine administration exceeding 3 mg/kg of body
weight (mg/kgBW)has also been shown to improve aerobic
performance [10]. More specifically, doses ranging from
3–13mg/kgBW improve exercise performance by a magni-
tude of 0.41 SD [2]. Duncan et al. [8] provided data on
eleven resistance trained individuals who ingested a
caffeinated solution (5mg kg!1) in a cross-over experimen-
tal study consisting of four resistance movements at
60% one repetition maximum. Results indicated that
participants completed a significantly greater number of
repetitions prior to failure, irrespective of exercise, in
the presence of caffeine (p = 0.0001) and their overall
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perception of effort was significantly lower (p = 0.03).
Furthermore, Graham, Hibbert, and Sathasivam [11]
investigated the effects of caffeine on a performance trial
(85% VO2Max to exhaustion in conditioned runners) where
participants ingested either caffeine capsules plus water,
regular coffee, decaffeinated coffee, decaffeinated coffee
plus caffeine in a capsular form, or a placebo an hour before
activity. Results indicated that performance was signifi-
cantly improved with the caffeine capsule as compared to
the other four treatments. As a whole, there have been
inconsistent performance results in experimental caffeine
studies which may be the result of differences in dosage,
timing of ingestion, mode of exercise, subject population,
and the acute nature of individual studies.

According to Doherty and Smith [12], caffeine reduces
the rating of perceived exertion (RPE) during exercise
which may account for the subsequent ergogenic effects
on performance. RPE has been used primarily as an undif-
ferentiated rating of perceived effort [13, 14]. When RPE
is differentiated, three central nervous system factors of
motivation, aversion, and drive determine overall percep-
tion of effort. Cardiorespiratory factors (heart rate, ventila-
tion frequency, and depth) determine chest perception of
effort. Local factors (strain, force sensation, and fatigue
of the working muscles) determine the legs’ perception of
effort. It has been stated that caffeine has a small but signif-
icant effect on 5 k times of well-trained and recreational
runners (n = 30), improving by 1.0 and 1.1% respectively
(90% CI 0.4–1.6), when assessed during an outdoor 5 k
time trial [15]. However, few studies have examined how
caffeine affects human performance during delayed
onset of muscle soreness (DOMS) and pain between 24
and 48 hours after a muscle damaging downhill run on a
subsequent 5 km time trial performance [16].

Despite the available literature on the hypoalgesic and
ergogenic effects of caffeine, there is currently a lack of
research focusing specifically on the effectiveness of
caffeine following DOMS-inducing exercise on subsequent
exercise performance and the attenuation of muscle pain.
Delayed onset muscle soreness continues to increase post
exercise with peaks between 24 and 48 hours and is the
main cause of decline in physical performance for both ath-
letes and non-athletes [17]. A single bout of downhill run-
ning (lasting approximately 30 minutes) has also been
shown to elicit DOMS in trained runners after approxi-
mately 48 hours. This population observed increased HR
and increased ventilation rates as well as decreased stride
length as a result [18]. Due to the associated pain, discom-
fort, and malperformance, DOMS prevention and treat-
ment are of great interest to coaches, fitness instructors
and therapists. The current literature concerning DOMS
management has identified supplementation as a potential
treatmentmethod [17]. Therefore, the purpose of this study

was to determine if 5 mg/kgBW of caffeine a) attenuates
muscle pain following a 5 km running time trial completed
in subjects with muscle soreness and b) improves 5 km
running performance and reduces RPE following exer-
cise-induced muscle soreness.

Subjects and methods

Experimental design

The relative effectiveness of caffeine on 5 km running
performance and measures of muscle soreness following
downhill running was examined in a randomized, double-
blind, repeated-measures crossover design with partici-
pants serving as their owncontrols. Performance, reduction
of RPE, and subjective measures of muscle soreness were
assessed. Moderately trained (regional level runners) and
triathletes accustomed to high-intensity exercise were
tested to improve sensitivity and the external validity of
the study. Participants performed the protocol on two occa-
sions with at least three weeks in between trials to allow
time for muscle soreness to disperse. Participants were
asked to discontinue all supplement use for at least 72hours
prior to participating. Furthermore, participants abstained
from caffeine consumption 48 hours prior to testing.
Participants in this study regularly consumed an average
of 2.4 mg of caffeine per day. Evidence suggests that a
complete caffeine withdrawal can be achieved within
24–48 hours [19].

Participants

Eleven runners (9 male; 2 female; age, 24.5 ± 6.3 years;
height, 173.6 ± 7.8 cm; body mass, 66.3 ± 7.5 kg; BMI,
23.18 kg/m2 ± 1.6; VO2max 61.0 ± 6.1 ml/kg/min!1) were
recruited to participate in this study. All participants pro-
vided informed consent and were free to withdraw from
the study at any time.The subjectsweremoderately trained
regional level runners and triathletes accustomed to high-
intensity exercisewere eligible if the following criteriawere
met: minimum of two years of involvement in endurance
sports, aminimumof six training hours/week and between
the ages of 19–40 years old. Exclusion criteria consisted of
participants with the presence of significant or unstable
acute or chronic medical conditions. The number of
selected participants was based on an a priori power analy-
sis conducted using G*Power software. Based on data from
recent articles [20, 37 ((author: ref 37 is cited here. Please
check & suggest if this ref can be renumbered so as to
arrange ref citation in sequential order))], a one-tailed
alpha-level of 0.05 power analysis indicated the need for
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nine participants. Participants were instructed to avoid
exercise for 24 hours prior to reporting to the lab, and
reported to the lab without any signs of muscle soreness.
Upon arrival, participants were fully informed of the
purpose and associated risks, andwritten informed consent
was obtained. Participants were not advised with regard to
the nature or direction of the hypotheses. Age (years),
height (cm) and mass (kg) were recorded, and body fat
percentage was estimated using Lange skinfold calipers
(Cambridge, MD, USA) and a 3-site method (chest,
abdomen, thigh) [21].

All procedureswereapprovedby theCentralWashington
University Institutional Review Board. Before the study,
participantswere informed of the study purpose, alongwith
any associated risks and benefits. In accordance with the
university institutional review board and the Declaration
of Helsinki, participants gave their written informed con-
sent and completed a health history questionnaire before
the first test session. Eachparticipant arrived at the lab after
an eight-hour overnight fast andhaving abstained fromcaf-
feine for 48 hours and alcohol for a minimum of 24 hours.
Participants were also instructed to refrain from exercise
for 24 hours prior to testing. Participants reported no
muscle soreness prior to beginning the study, and creatine
kinase levels for all participants were within acceptable
levels (<190 u/L).

Each participant performed an introductory testing and
familiarization session and two separate trials (three total
sessions). The study consisted of an exercise session
followed by a 48-hour rest period and a 5 k time trial. There
was a three-weekwashout period and then the protocolwas
repeated with the other treatment (Figure 1).

Maximal oxygen consumption (VO2max)

Maximal oxygen consumption (VO2max) was determined
during an incremental exercise test to volitional fatigue on
a treadmill (Barimill treadmill, Woodway, Waukesha,
WI). Participants were fitted with a heart rate (HR)monitor
transmitter (Polar, Stamford, CN, USA) at the level of the
sternum. Expired air was directed through a one-way valve
(HansRudolf, KC,MO) andplastic tubingwas connected to
ametabolic cart (ParvoMedics’TrueOne"2400,UT,USA),
which was calibrated prior to each test with a known gas
composition. A 4-L precision syringe (Hans Rudolph, Kan-
sas City, MO, USA) was utilized to calibrate the system for
measurement of ventilation. Test termination criteria
aligned with those suggested by ACSM for VO2max testing
[22]. Criteria for achievement of VO2max were: a) RPE "
19, b) RER" 1.1, c) plateau of VO2with increasedworkload,
and d) > 85% of age-predicted maximum HR [23]. Two or
more of these four criteria were met by all participants.

Downhill running trial

Downhill running at a!10% grade was utilized in order to
induce muscle soreness [24]. The downhill runs were
completed on a commercial treadmill (Barimill treadmill,
Woodway, Waukesha, WI) that was modified to allow for
a !10% grade. Participants completed a 5-minute warm-
upat0%gradeona treadmill. After thewarm-up, the tread-
mill was declined to a !10% grade and the speed was
adjusted to elicit 70% of their VO2max determined by
oxygen uptake to allow the subject to exercise at a constant
“steady-state” where physiological variables (heart rate
and oxygen requirements) remained stable. This intensity
was maintained for 30-minutes. Heart rate was monitored
continuously, and rate of perceived exertion was assessed
every 2minutes.

5 k running time trial

Subjects returned to the lab 48 hours after the downhill
running session to perform a 5 k running time trial. Partici-
pants completed a five-minute warm-up on the treadmill at
a self-selected pace. Participants were verbally encouraged
to run at amaximal effort andwere able to select their pace.
RPE (RatingofPerceivedExertion –Borg6–20) [25] andHR
(heart rate; Polar, Electro IncFinland)were takenevery two
minutes during the trial. Termination criteria for the testing
session included if the participant requested to stop for any
reason [26] or if the participant exhibited any evidence of

Figure 1. Description of experimental protocol.
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heat illness, such as chills, nausea, or confusion. In order to
determine the individuals performance in this trial the time
in seconds was recorded when the participant traveled a
distance of 5 kilomteres on the treadmill.

Treatment

One hour prior to the 5 k running time trial, participants
consumed either 5 mg/kgBW caffeine (CAFF) capsule
(equivalent to no more than 3 cups of coffee) [10, 11] or a
placebo pill (PLB) along with 400 ml (#2 cups) of water.
Participants waited in the lab until the exercise session
began. Trial two was repeated after the three-week wash
out period with the opposite treatment.

Measurements

Subjective measurements of muscle soreness were
assessed using a 10 cm visual analog scale [27] with anchor
points “no pain at all” at the left end and “unbearable pain”
at the right end. This measure was completed four times:
immediately following downhill running, 24 hours post
downhill running, 48 hours post downhill running
(pre-5k), and48hourspostdownhill running (post-5k). Ses-
sionRPE [25]was assessed 30minutes after the 5 k running
trial. Muscle pain was assessed using a Force Algometer
(Wagner Pain Test Model FPK Algometer) [28]. Measure-
ments were made at the rectus femoris (RF) and vastus
medialis oblique (VMO). All measurements were reported
in kilograms of force (kgf). Force was applied via the probe
througha 1 cmdiameterheaduntil theparticipant indicated
pain or discomfort. At this point the force value (kgf) was
recorded. Muscle pain was measured at immediately
following the downhill run, 24 hours post, 48 hours post
(pre-5 K), and 48 hours post (post-5 K).

Statistical analysis

Basic descriptive characteristics were computed for the
participants (Table 1). Mean values for RPE, pain, and HR
were computed for each treatment (CAFF, PLB). Examina-
tion of normality of data was undertaken using Shapiro-
Wilk analysis, no measures were found to significantly
deviate from a normal distribution (W > 0.8, p > .09). Data
was examined for documentation of muscle soreness and
pain during the first 48 hours of the trials to determine if
DOMS was present. Following this analysis, repeated
measures ANOVA analyses were used to determine
the change in muscle soreness and pain from the end of
the downhill run to the post 5 k time trial period. Addition-
ally, changes in HR and RPE were examined using 2 $
2 repeated-measures ANOVA (treatment $ time).

Bonferroni post hoc tests were conducted on ANOVA
results. Finally, time trial performance in seconds was
examined between trials using a paired samples t-test. All
statistical analyses were performed using IBM SPSS
Statistical Package (v26).

Results

Muscle soreness

Muscle soreness was evaluated using a repeated measures
ANOVA at the following time points (post, 24 hours,
48 hours, post 5 k) to determine the effects of the treatment
on measures of muscle soreness. There was no significant
effect for time (F = 1.129, p = .364), and no interaction of
time$ treatment (F = 2.886, p = .064). There was a signif-
icant effect of treatment (F= 7.937, p= .030), indicating that
muscle soreness was approximately 1.18 units higher in the
caffeine condition compared to the placebo condition.

Muscle pain

Muscle pain was evaluated using a repeated measures
ANOVA at the following time points (post, 24 hours,
48 hours, post 5 k) for two muscles to observe the effects
of treatment on the attenuation of muscle pain. For the
vastus medialis, the ANOVA did not reveal a significant
maineffect for treatment (F= .936,p= .371) nor a significant
interaction of time $ treatment (F = .399, p = .755). There
was a significant effect of time (F = 3.386, p = .041), and
Bonferroni post hoc pairwise comparisons revealed one
significant pair: muscle pain was significantly higher at
the 24 hour mark compared to post 5 k (mean difference
.886 kg/cm2, p = .034).

For the rectus femoris, the ANOVA did not reveal a
significant effect for treatment (F = .077, p = .791) or time
(F = 2.912, p = .063), nor a significant interaction of

Table 1. Participant characteristics (n = 11)

Characteristic Mean ± standard deviation

Female (n = 2)

Height (cm) 169.0 ± 5.6

Body mass (kg) 61.7 ± 0.4

VO2 max (ml/kg $ min) 56.9 ± 1.1

BMI (kg/m2) 21.6 ± 0.9

Male (n = 9)

Height (cm) 178.1 ± 7.3

Body mass (kg) 70.8 ± 7.3

VO2 max (ml/kg $ min) 65.1 ± 5.7

BMI (kg/m2) 23.3 ± 1.7
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time $ treatment (F = 1.467, p = .271). ((authors please
check position of tables and add references to table 2,
3 and 4 in text))

Time trial performance

Time trial performances by treatment were evaluated
via paired samples t-test. The results did not reveal a
significant change (t = 0.86, p = 0.41) in time trial perfor-
mance by treatment (CAFF: 1074.9 ± 119.7 sec vs PLB:
1053.8 ± 86.8 sec) (Table 5).

RPE and HR

As participants did not all complete all stages of the down-
hill running trial, RPE and HR values were assessed at
the first measurement time (2 min) and the final value
was taken at the final trial each participant completed.
A 2 $ 2 repeated-measures ANOVA determined there
to be no effect by treatment (F = .338, p = .574), and no

interaction by time $ treatment (F = .362, p = .561) on
RPE. There was a significant effect by time (F = 115.703,
p < .001), in which participant RPEwas higher at their final
stage compared to the initial measurement (Figure 2).
There was a significant effect of time (F = 270.478, p <
.001) and treatment (F = 16.647, p = .003) on participant
HR, in which participant HRwas increased during the final
stageof their trial compared to thebeginning stage, andwas
increased in thecaffeine condition compared to theplacebo
condition. There was no significant interaction of time $
treatment (F = 1.256, p = .291). Session RPE was unable to
be collected from all participants, and has been excluded
from statistical analysis.

Discussion

The aim of the present study was to investigate the influ-
ence of caffeine (5 mg/kgBW) on a 5 k running time trial,
muscle soreness, and perceived exertion following a

Table 2. Muscle soreness scores

Subject #
Post downhill

(CAFF)
Post downhill

(PLB) 24 h CAFF 24 h PLB 48 h CAFF 48 h PLB 5 k CAFF 5 k PLB

1 4.25 4.15 3.30 3.20 4.20

2 2.10 4.50 6.05 6.60 6.85 5.65 7.60

3 5.90 6.20 6.00 5.20 4.95 6.50 5.05 4.10

4 5.90 5.40 6.75 6.25 7.70 4.95 7.55 5.70

5 6.65 2.65 7.90 4.80 7.85 4.40 4.60 2.40

6 6.50 7.30 5.90 6.20 6.80 5.10 8.20 6.90

7 2.40 2.60 5.00 2.00 4.20

8 1.90 1.60 3.10 6.20 3.50 3.80

9 5.40 5.60 6.40 5.00 5.90 3.10 6.40 4.40

10 0.90 1.50 4.10 2.40 2.00 0.60 5.40 1.70

11 1.30 2.60 3.90 3.30 2.60 0.80 0.70 1.20

CAFF: Caffeine; PLB: Placebo. Muscle soreness was assessed using a 10 cm Visual Analogue Scale.

Table 3. Vastus medialis pain (in kgf)

Subject #
Post downhill

(CAFF)
Post downhill

(PLB) 24 h CAFF 24 h PLB 48 h CAFF 48 h PLB 5 k CAFF 5 k PLB

1 2.86 2.30 6.00

2 4.00 4.60 4.20 3.50 3.90

3 4.60 3.30 4.00 4.10 4.40 3.10 3.40 2.70

4 4.30 3.40 3.50 3.60 3.90 4.30 3.20 4.40

5 3.40 3.60 5.00 2.80 3.00 3.70 2.50 2.30

6 4.60 4.20 5.20 3.60 4.60 2.80 4.50 2.40

7 6.00 4.50 5.00 5.70 6.10

8 3.50 2.80 2.60 2.20 2.80 2.60

9 7.00 4.00 4.60 4.60 3.60 4.30 3.00 4.00

10 5.80 4.90 6.00 7.00 7.00 6.40 5.00 6.60

11 4.00 3.60 4.50 5.40 3.40 3.90 3.80 3.70

CAFF: Caffeine; PLB: Placebo. Muscle pain was assessed using a Force Algometer (Wagner Pain Test Model FPK Algometer).
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thirty-minute muscle damaging bout of downhill running
at 70% VO2max. While the data do clearly indicate that the
protocol produced DOMS in the subject, there were no

statistically significant effects of CAFF on performance,
muscle pain, visual analogue scores or RPE. Previous
experiments have reported no reduction in quadriceps
muscle pain ratings after ingestion of low doses of caffeine
(1, 2, 3 mg/kgBW) during 15 minutes of high intensity
cycling exercise in males who were low to moderate
caffeine users [29]. However, it should be noted that the
pain intensity ratings were lower than those reported in
the current study. It is plausible that this is due to the
magnitude of eccentric loading of the current protocol.
Additional research might investigate a dose response to
caffeine on muscle pain during high-intensity exercise in
individuals who differ in habitual caffeine consumption.

Emergingevidence suggests thatmoderate to largedoses
of caffeine are associated with a reduction in pain rating
during moderate to high intensity cycling exercise in low
and high caffeine consuming individuals [6]. In the low-
dose caffeine group, researchers observed a significant
decrease in pain intensity in the caffeine condition using a
visual analog scale (p= .036). In thepresent study, however,

Table 4. Rectus femoris pain (in kgf)

Subject #
Post downhill

(CAFF)
Post downhill

(PLB) 24 h CAFF 24 h PLB 48 h CAFF 48 h PLB 5 k CAFF 5 k PLB

1 2.70 5.10 6.90

2 4.10 4.40 5.70 4.10 4.50

3 7.90 3.70 5.40 4.80 5.00 3.20 3.50 3.20

4 4.20 4.44 6.50 5.10 5.70 4.50 5.00 5.10

5 4.50 4.60 5.00 6.00 4.20 4.60 3.00 4.10

6 4.70 3.70 5.20 3.60 5.40 3.10 5.00 2.30

7 7.00 7.00 7.00 7.00 6.10

8 4.40 3.80 3.50 2.80 4.20 5.20

9 4.30 5.20 5.10 6.50 5.00 4.90 5.50 5.30

10 6.40 6.00 6.50 7.00 6.70 6.40 7.00 6.60

11 4.80 6.40 3.00 7.00 3.90 5.50 3.90 5.30

CAFF: Caffeine; PLB: Placebo. Muscle pain was assessed using a Force Algometer (Wagner Pain Test Model FPK Algometer.

Table 5. 5 k Times

Subject # Sex Placebo 5 k Time (sec) Caffeine 5 k time (sec) Change from placebo (sec)

Subject 1 M 1036 939 !97

Subject 2 M 1025 1080 +55

Subject 3 M 945 944 !1

Subject 4 M 980 1030 +50

Subject 5 M 1129 1089 !40

Subject 6 M 991 1005 +14

Subject 7 M 1215 1226 +11

Subject 8 M 952 947 !5

Subject 9 M 1118 1066 !52

Subject 10 F 1136 1230 +94

Subject 11 F 1065 1268 +206

Mean (SD) 1053.8 (86.8) 1074.9 (119.7) 21.4 (81.1)

Figure 2. Rate of perceived exertion (RPE) during 5 k time trial
obtained via the Borg RPE scale. Subjects (n = 11) returned to the lab
48 hours after the downhill running session to perform a 5 k running
time trial.
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visual analog scale measurements were not significantly
different between CAFF and PLB groups. There are two
potential explanations for this finding. One suggestion is
that the dosage of caffeine provided was not sufficient to
elicit reductions in muscular pain perception. Another
suggestion is that the bout of exercise was not strenuous
enough to elicit sufficient amounts ofmuscular pain, which
would cause the CAFF condition to appear ineffective.
Future studies should observe the effects of larger doses
of caffeine on muscular pain reduction, and the effects of
a moderate caffeine dose on muscular pain following a
more strenuous bout of exercise.

Previous research suggests that caffeine’s principle
mechanism of action has an ergogenic effect on endurance
performance,muscle glycogenexpenditure, decreasedper-
ception of effort, and free fatty acid mobilization [30–34].
High intensity aerobic activity such as a 5 k time trial relies
primarily on intramuscular glycogen stores; therefore, ATP
production to fuel such an activity would be limited from
mobilized free fatty acid oxidation, and adequate from indi-
viduals consuming a regular diet. However, the effects of
caffeine as an ergogenic agent are not entirely understood.
While under many circumstances, moderate to large doses
of caffeine have been shown to improve endurance running
performance, this is not always the case. Some studies have
suggested that exercising in conditions ofmoderate to high
heat stress does not elicit ergogenic benefits from caffeine
[35, 36]. While some studies suggest that the dosage of
caffeine used in the present study (5mg/kgBW) is a hypoal-
gesic dose following intense exercise (80%VO2max) [37], it
is possible that the bout of exercise in the present studywas
insufficient to elicit this hypoalgesic response. The question
of whether hypoalgesia is partially responsible for the ergo-
genic properties of caffeine is not entirely understood, and
warrants further investigation.

It is important to acknowledge the strengths and limita-
tions of the current research. To avoid potential differences
in physiological responses that might occur as a result of
caffeine supplementation a randomized, double-blind,
repeated measures crossover design with participants
servingas theirowncontrolswas implemented.Thepresent
study also controlled for the half-life of caffeine by incorpo-
rating a three-weekwashout period before the protocol was
repeated with the other treatment. Limitations for the pre-
sent work include sample size, limited number of female
participants, lack of a true baselinemeasurement ofmuscle
sorenessandpain, trainingageandstatusof theparticipants
may impact generalizability of the findings. Finally it should
be noted that the participants were not caffeine naïve and
did consume roughly 2.4 mg per kg of body weight of
caffeine daily.

The discrepancies in the findings could indicate a poten-
tial genetic factor as the underlyingmodulator of caffeine’s

effect onRPE.Caffeine is absorbed rapidly andwholly from
the gastrointestinal tract and metabolised by cytochrome
P-450 enzymes, which are the rate-limiting step for plasma
clearance. The P-450 1A2 enzyme is coded for by the
CYP1A2 gene, and is the primary enzyme which demethy-
lates caffeine into dimethylxanthine metabolites [38]. It
has been estimated that variants of the CYP1A2 gene
account for 90% of the metabolism of caffeine in humans
[39]. A particular A/C substitution within that gene has
previously been shown to modulate caffeine metabolism
aswell as the influence of caffeine on exercise performance
[40]. In short, carriers of the C allele metabolise caffeine
more slowly than those with the A/A genotype, and would
thus be more likely to be affected by caffeine
supplementation.

The present study does expand the understanding of
caffeine as applied to muscle endurance, as the data also
suggests that caffeine is not an effective analgesic during
exercise performed in a state of DOMS. Future studies
should evaluate whether caffeine plays a role in reducing
muscle soreness, pain, and improving 5 k performance time
following more extreme bouts of exercise. One suggestion
from the present study would be to examine the impact of
caffeine on exercise analgesia closer to the time period of
greatest muscle soreness. The data from the present study
suggests that with downhill running a peak soreness is
achieved closer to 24 hours, rather than at 48 hours.
Additionally, future research should evaluate the percep-
tion of pain during the bout of exercise undertaken with
muscle soreness rather than just at the conclusion.

Conclusion

The present study suggests that a caffeine dosage of
5mg/kgBW is not sufficient to reducemuscular pain, sore-
ness, or RPE, or improve performance during a 5 km time
trial following a bout of exercise inducingDOMS. It’s possi-
ble that caffeine may show an ergogenic or hypoalgesic
effect following a more strenuous bout of exercise, or in
greater doses. Professionals and athletes should look to
alternative methods to increase performance and/or
reduce discomfort associated with these types of activities.
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