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CAFFEINE DOES NOT INCREASE RESISTANCE
EXERCISE-INDUCED MICRODAMAGE
Marco Machado, Paulo Vinícios C. Zovico, Daílson Paulúcio da Silva,
Lucas Novaes Pereira, Juliano G. Barreto, Rafael Pereira
Laboratory of Physiology and Biokinetics, Universidade Iguaçu Campus V, Itaperuna-RJ, BRAZIL

Resistance exercise may cause muscle microdamage and caffeine may enhance this risk. The objective of
this study was to evaluate the effect of caffeine supplementation on muscle injury markers in soccer players
after resistance exercise. Fifteen male soccer players (18–20 years old) completed a placebo-controlled double blind (crossover design) study. The exercises were bench press, pullover, biceps curl, triceps curl, leg extension,
and lying leg curls. Volume and intensity were 3 × 10 at 10RM each with a 2-minute rest interval controlled by
digital sound signal. Blood samples were collected before and 24 hours after exercise to measure the levels of
serum creatine kinase (CK), lactate dehydrogenase (LDH), aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Caffeine or placebo was given in a randomized manner. The Wilcoxon test was used to
compare treatment effects (p < 0.05). Resistance exercise caused an increase in all skeletal muscle markers.
In caffeine session, serum CK level increased by 53.3%, LDH by 53.8%, AST by 33.1%, and ALT by 38.1%. In
placebo session, the corresponding values were 65.2%, 48.2%, 38.8%, and 38.3%, respectively. There were no
significant differences between the caffeine and placebo sessions. Caffeine supplementation (∼4.5 mg·kg–1)
did not affect muscle markers induced by exercise and did not augment the risk of muscle lesion.
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Introduction
Caffeine is the most widely used psychoactive substance on earth. The general consensus of research
findings indicates that caffeine (1,3,7-trimethylxanthine)
has ergogenic effects by acting as a fatigue delayer and
improving the contractile strength of cardiac and skeletal muscle (Stephenson 2008; Foad et al. 2008; Del Coso
et al. 2008; De Hon & Coumans 2007; Armstrong et al.
2007; Schneiker et al. 2006; Avois et al. 2006). Caffeine
also decreases muscular pain perception, effort perception, and the reaction time to a stimulus (Kalmar &
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Cafarelli 2004; Davis et al. 2003; Motl et al. 2003; Kruk
et al. 2001). The effects of caffeine have been shown
to be mediated by antagonism of adenosine receptors
and inhibition of cyclic adenosine monophosphate–
phosphodiesterase (cAMP–PDE), with some increased
concentrations of intracellular cAMP and subsequent
activation of the protein kinase A (PKA) pathway
(Horrigan et al. 2006). Its use together with exercise
activates both the hypothalamic-pituitary-adrenal axis
and the autonomic nervous system, stimulating catecholamine and cortisol release (Bishop et al. 2005).
Resistance training can improve strength, hypertrophy, muscular power, muscular endurance, and health
status. The training program can be manipulated to reach
training goals and address individual goals (Kraemer &
Ratamess 2004). It has been suggested that resistance
exercise may cause muscle cell membrane disruption.
This may be a consequence of both metabolic and mechanical causes. Indeed, exhausted muscle fibers exhibit
increased membrane permeability following an increase
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in internal free calcium ions, which promotes the opening of potassium channels and activation of proteolytic
enzymes such as calpaines and caspases (Brancaccio
et al. 2007; Nosaka et al. 2002; Clarkson & Hubal 2002).
Exercise-induced muscle microinjury leads to cellular
damage with membrane disruption and leakage to extracellular fluid and plasma. Creatine kinase (CK), lactate
dehydrogenase (LDH), alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) have been used extensively as markers for muscle microinjury (Pettersson
et al. 2007; Mougios 2007; Chevion et al. 2003).
Bassini-Cameron et al. (2007) described synergistic
effect of exercise and caffeine on muscle injury markers during stress conditions. Their subjects were submitted to an exercise protocol that simulated a soccer
match, and blood specimens were collected immediately afterwards. Because many studies (Pettersson
et al. 2007; Bishop et al. 2005; Nosaka et al. 2002) displayed a significant increase in the levels of muscle
injury markers at 24–72 hours after exercise, data
from Bassini-Cameron et al. (2007) were insufficient
(but not negligible) and additional studies were necessary to verify caffeine’s hypothetical synergistic effect
on exercise-induced microdamage.
Caffeine and caffeine-based substances have been
increasingly used as ergogenic supplements by recreational and professional physical activity practitioners,
but its effects on exercise-induced microdamage are
still obscure. In the present study, we evaluated the effects of caffeine supplementation on resistance exerciseinduced microdamage through serum analysis of muscle
injury markers after resistance exercise.

Methods
Subjects
Soccer players (n = 15) participated in this investigation after giving verbal and written informed consent
in accordance with federal and institutional guidelines.
Their mean age, weight, height and VO2max were 18.4 ±
0.8 years, 71.8 ± 7.1 kg, 177.5 ± 4.6 cm, and 59.4 ±
13.3 mL·kg–1·min–1, respectively. They were nonsmokers, and used no medicinal drugs, dietary supplements,
or anabolic steroids. The group was characterized by
a similar lifestyle and had been closely monitored for
8 weeks during a pre-season and preparatory period,
yielding a high degree of reproducibility within the
group. The subjects were light caffeine consumers
(< 100 mg·d–1), and all of them had previously participated in training sessions involving resistance exercise.
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Experimental protocol
A double-blind, placebo-controlled experimental design
was used, with all subjects serving as their own controls. Each subject performed two experimental trials
separated by 2 weeks. No caffeine, xanthines, or other
substance that could mask the results were ingested
by the athletes for 12 hours before 10RM test and each
blood collection. Ten minutes of warm up (joint mobilization and stretching) was carried out 35 minutes
after receiving caffeine or placebo supplement.
Caffeine or placebo supplementation
In an individual randomized manner, caffeine (Purifarma,
China) or lactose (Galena, Germany) was given to the
group. Caffeine was given at a dose of ∼4.5 mg·kg–1. This
dose was chosen because it is within the supplementation range (3.0–9.0 mg·kg–1 body weight 30–60 minutes
before exercise) shown to improve athletes’ performance
(Graham 2001). For the control, subjects received one
capsule of 500 mg lactose each (Bassini-Cameron et al.
2007). The supplements were ingested immediately after
blood sample collection. The different supplements were
indistinguishable so that the subjects did not know
whether they were ingesting caffeine or lactose.
Test protocol
On the first day, subjects performed a 10RM test for
each exercise. The 10RM tests were assessed in the same
sequence of exercise sessions: bench press, pullover,
military press, biceps curl, triceps curl, leg extension,
and lying leg curls. Standard exercise techniques were
followed for each exercise (NSCA 2008). To minimize
possible errors in the 10RM tests, the following strategies were adopted: (1) subjects received standard instructions on the general routine of data assessment and
the exercise technique for each exercise before testing;
(2) the exercise technique of subjects during all test
sessions was monitored and corrected as needed; and
(3) subjects received verbal encouragement during the
exercise sessions.
Two weeks after the above 10RM evaluation, resistance exercise session 1 (ES1) was assessed according to
the same sequence as above. All exercises were performed for 3 sets of 10 repetitions at the predetermined
individual load (10RM) for each exercise. Exercises
were performed with a digital sound signal (Beat Test &
Training, CEFISE, Brazil), which was adjusted to allow
2 seconds for each complete repetition and to have a
2-minute rest interval between sets. Exercise session 2
(ES2) took place 2 weeks after ES1, and the protocol was
identical in both sessions.
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Due to variations in exercise equipment design, we
chose to describe the exercise force as arbitrary units
(AU). This procedure was utilized in an attempt to simplify matters for research purposes. Subjects were
allowed water ad libitum throughout their sessions.

caffeine relative to enzyme kinetic changes, bivariate
linear regression was performed. Individual kinetic coefficients (b[1]) between treatments were compared using
the Wilcoxon test (p < 0.05).

Data collection
Venous blood samples were collected from the forearm
with subjects in a seated position. The first sample (PRE)
was collected before supplementation and the other sample (POST) was collected 24 hours after the first. Samples were centrifuged at 1500g for 10 minutes, the
serum was separated and quickly frozen and stored
at –70°C. From the serum samples, CK, LDH, ALT and
AST were measured on an automated analyzer (Cobas
Mira S Plus, Roche) with specific commercial kits
(Biotécnica, Brazil).

Results

Statistical analysis
The Kolmogorov-Smirnov test revealed that none
of the variables studied were normally distributed. Thus,
the nonparametric Wilcoxon test was applied to compare differences between trials. Significant differences
were set at p < 0.05. Data are expressed as mean ±
standard deviation and median (range).
The enzymes (LDH, AST, ALT) are generally taken
to be clinically diagnostic of muscle and hepatocellular
damage. Serum CK level seems to be the best indicator
of exercise microdamage (Lazarim et al. 2008; Chevion
et al. 2003). Therefore, serum kinetic changes in LDH,
AST and ALT were used to verify CK changes. To examine the relationship between the effects of exercise and

The 10RM performances of the subjects are shown in
Table 1. All serum enzyme levels were significantly higher
for POST compared with PRE (p < 0.05) in both sessions
(Table 2). In the caffeine trial session, serum CK level
increased by 53.3%, LDH by 53.8%, AST by 33.1%, and
ALT by 38.1%, while in the placebo trial session, the
corresponding values were 65.2%, 48.2%, 38.8%, and
38.3%, respectively.
Serum LDH, AST and ALT levels were plotted as a
function of serum CK level (Figures 1–3). All analyses
displayed a significant increase in serum enzyme levels
(p < 0.05). No differences were found between angular
coefficient by linear regression analysis between PRE
and POST.
Table 1. Subjects’ 10RM performance

Bench press (AU)
Pullover (AU)
Bíceps curl (AU)
Tríceps curl (AU)
Leg extension (AU)
Lying leg curl (AU)

Mean ± SD

Median (range)

31.6 ± 9.9
14.1 ± 4.8
20.9 ± 5.8
16.7 ± 5.6
48.5 ± 6.5
33.7 ± 8.8

35 (9–50)
12 (6–23)
21 (10–30)
18 (7–23)
49 (35–62)
31 (23–55)

Table 2. Serum enzyme levels before (PRE) and 24 hours after (POST) resistance exercise sessions, with a 2-week interval
between caffeine and placebo supplementation
Placebo

Enzyme (U·L–1)

Caffeine

PRE

POST

PRE

POST

CK
Mean ± SD
Median (range)

412 ± 168
405 (170–649)

680 ± 259*
634 (364–1300)

415 ± 243
300 (97–822)

636 ± 286*
523 (315–1311)

LDH
Mean ± SD
Median (range)

385 ± 54
368 (267–487)

570 ± 97*
540 (440–761)

378 ± 70
385 (267–534)

581 ± 140*
512 (412–858)

AST
Mean ± SD
Median (range)

23 ± 3
22 (18–28)

32 ± 78*
30 (26–49)

23 ± 4
22 (16–28)

31 ± 5*
30 (26–40)

ALT
Mean ± SD
Median (range)

20 ± 5
20 (10–30)

28 ± 4*
28 (20–36)

20 ± 4
20 (13–27)

28 ± 5*
28 (20–42)

*POST > PRE, p < 0.05. SD = standard deviation.
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Fig. 1 Bivariate linear regression between PRE and POST
lactate dehydrogenase (LDH) against creatine kinase (CK).
Caffeine angular coefficient (b[1]) = 0.88; placebo angular coefficient (b[1]) = 0.69. No significant differences were found
between treatments (p > 0.05).
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Fig. 2 Bivariate linear regression between PRE and POST
aspartate aminotransferase (AST) against creatine kinase
(CK). Caffeine angular coefficient (b[1]) = 0.03; placebo angular coefficient (b[1]) = 0.03. No significant differences were
found between treatments (p > 0.05).

Discussion
The increase in serum enzyme levels suggest that the
exercise protocol used in this study resulted in skeletal
muscle injury. Mayhew et al. (2005) reported direct
evidence of structural damage to muscle after a resistance exercise protocol, and this was associated with a
significant increase in serum CK level post exercise.
The efflux of these enzymes from muscle may occur
as a result of increases in the permeability of myocellular membrane and/or intramuscular vasculature
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Fig. 3 Bivariate linear regression between PRE and POST
alanine aminotransferase (ALT) against creatine kinase (CK).
Caffeine angular coefficient (b[1]) = 0.03; placebo angular
coefficient (b[1]) = 0.02. No significant differences were
found between treatments (p > 0.05).

transient reorganization (Brancaccio et al. 2007; Peake
et al. 2005).
The exercise protocol used in the present study induced an increase in serum CK level that was in the
range proposed for athletes in other studies (Mougios
2007; Lazarim et al. 2008; Brancaccio et al. 2007). The
results of this study demonstrated that serum CK level
peaked at around 540 U/L 24 hours after the exercise
sessions, and serum LDH reached a maximum of around
580 U/L. The time course for changes in these markers
of muscle damage may also be dependent on exercise
protocol and/or training status.
ALT and AST are two of the most reliable markers
of hepatocellular injury or necrosis, but physical exercise is known to cause transient elevations in serum
transaminase activity (Pettersson et al. 2007; Chevion
et al. 2003). In fact, total serum AST and ALT represents
muscle and hepatic enzyme traffic into the circulation,
and Pettersson et al. (2007) warned about imposing
relevant restrictions on exercise prior to and during drug
clinical studies. Linear regression analyses displayed a
very close comportment (i.e. no significant differences
were found in the angular coefficient) between LDH,
AST and ALT against CK. These data indicate that the increases in the enzymes measured in this study resulted
from muscle injury, in accordance with the results of previous studies (Bessa et al. 2008; Pettersson et al. 2007;
Chevion et al. 2003).
Our results did not show any synergistic effect of
caffeine and exercise on muscle injury. In contrast to
data from the current study are data presented by
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Bassini-Cameron et al. (2007), which demonstrated a
synergistic effect of caffeine and exercise, exposing athletes to risk of muscle injury. In their work, following a
simulated soccer match, subjects performed a very intense exercise (the Yo-Yo test). If it is true that caffeine
plays a role in delaying fatigue, then the caffeine group
should perform better on the Yo-Yo test. Regrettably,
the Yo-Yo performance data are not available in the
Bassini-Cameron et al. (2007) paper. They justified the
greatest increase in serum enzyme activity by muscular
mechanical stress in caffeine-supplemented subjects.
In our study, exercise performance was not different because the exercises were controlled by identical load, cadence and rest interval in both trials for all subjects (i.e.
crossover experimental design). The two sessions (caffeine and placebo) were executed in the same conditions.
The window of peak enzyme activity described is
24–72 hours after exercise (Pettersson et al. 2007).
Bassini-Cameron and colleagues (2007) reported a limitation in their study—blood samples were collected immediately after exercise—to explain the little increase
in enzyme levels. Pettersson et al. (2007) reported that
great interindividual variation in enzyme levels in the
initial hours after exercise sessions was low after
24–72 hours. We collected the blood samples 24 hours
after exercise and we used a crossover design to verify
the effect of caffeine supplementation. This means that
our results are within the window of peak enzyme
activity, and each subject acts as his own control.
Data from the current study can be applied to resistance trained athletes undergoing resistance training.
Caffeine supplementation did not increase muscle damage from a stressful trial of resistance exercise. Clinicians,
researchers, strength and conditioning professionals
and athletes should recognize that few studies have the
statistical power to detect severe adverse events. Our
results cannot be generalized to athletes who ingest caffeine for extended periods, to those who ingest caffeine
at doses above what is recommended, or to athletes
who are engaged in resistance training with an exaggerated eccentric component or plyometrics. Caffeine
dose of ∼4.5 mg·kg–1 is proposed as an ergogenic aid
and does not increase the risk to muscle integrity.
Other collateral effects are described and our data suggest that the use of caffeine can be safe.

Acknowledgments
We thank Pierre Augusto Victor da Silva (UNIG
Pharmacy School) for the supplements, Edalmo França

J Exerc Sci Fit • Vol 6 • No 2 • 2008

for generously helping with data collection, and Professor
Anthony C. Hackney (University of North Carolina at
Chapel Hill) for suggestions on manuscript improvement.

References
Armstrong LE, Casa DJ, Maresh CM, Ganio MS (2007). Caffeine, fluidelectrolyte balance, temperature regulation, and exercise-heat tolerance. Exerc Sport Sci Rev 35:135–40.
Avois L, Robinson N, Saudan C, Baume N, Mangin P, Saugy M (2006). Central
nervous system stimulants and sport practice. Br J Sports Med
40:i16–20.
Bassini-Cameron A, Sweet E, Bottino A, Bittar C, Veiga C, Cameron LC
(2007). Effect of caffeine supplementation on haematological and
biochemical variables in elite soccer players under physical stress
conditions. Br J Sports Med 41:523–30.
Bessa A, Nissenbaum M, Monteiro A, Gandra PG, Nunes LS, BassiniCameron A, Werneck-de-Castro JP, de Macedo DV, Cameron LC (2008).
High intensity ultraendurance promotes early release of muscle
injury markers. Br J Sports Med 42:589–93.
Bishop NC, Fitzgerald C, Porter PJ, Scanlon GA, Smith AC (2005). Effect
of caffeine ingestion on lymphocyte counts and subset activation
in vivo following strenuous cycling. Eur J Appl Physiol 93:606–13.
Brancaccio P, Maffulli N, Limongelli FM (2007). Creatine kinase monitoring in sport medicine. Br Med Bul 81&82:209–30.
Chevion S, Moran DS, Heled Y, Shani Y, Regev G, Abbou B, Berenshtein E,
Stadtman ER, Epstein Y (2003). Plasma antioxidant status and cell
injury after severe physical exercise. Proc Natl Acad Sci USA 100:
5119–23.
Clarkson PM, Hubal MJ (2002). Exercise-induced muscle damage in
humans. Am J Phys Med Rehabil 81(Suppl):S52–69.
Davis JM, Zhao Z, Stock HS, Mehl KA, Buggy J, Hand GA (2003). Central
nervous system effects of caffeine and adenosine on fatigue. Am J
Physiol Regul Integr Comp Physiol 284:399–404.
De Hon O, Coumans B (2007). The continuing story of nutritional supplements and doping infractions. Br J Sports Med 41:800–5.
Del Coso J, Estevez E, Mora-Rodriguez R (2008). Caffeine effects on
short-term performance during prolonged exercise in the heat.
Med Sci Sports Exerc 40:744–51.
Foad AJ, Beedie CJ, Coleman DA (2008). Pharmacological and psychological effects of caffeine ingestion in 40-km cycling performance.
Med Sci Sports Exerc 40:158–65.
Graham TE (2001). Caffeine and exercise: metabolism, endurance and
performance. Sports Med 31:785–807.
Horrigan LA, Kelly JP, Connor TJ (2006). Immunomodulatory effects of
caffeine: friend or foe? Pharmacol Ther 111:877–92.
Kalmar JM, Cafarelli E (2004). Caffeine: a valuable tool to study central
fatigue in humans? Exerc Sport Sci Rev 32:143–7.
Kraemer WJ, Ratamess NA (2004). Fundamentals of resistance training:
progression and exercise prescription. Med Sci Sports Exerc 36:
674–88.
Kruk B, Chmura J, Krzeminski K, Nazar K, Pekkarien H, Kaciuba-Uscilko H
(2001). Influence of caffeine, cold and exercise on multiple choice
reaction times. Psychopharmacology 157:197–201.
Lazarim FL, Antunes-Neto JM, da Silva FO, Nunes LA, Bassini-Cameron A,
Cameron LC, Alves AA, Brenzikofer R, de Macedo DV (2008). The
upper values of plasma creatine kinase of professional soccer players during the Brazilian National Championship. J Sci Med Sport Feb
20 [epub ahead of print]. doi:10.1016/j.jsams.2007.10.004
Mayhew DL, Thyfault JP, Koch AJ (2005). Rest interval length affects
leukocyte levels during heavy resistance exercise. J Strength Cond Res
19:16–22.

119

Motl RW, O’Connor PJ, Dishman RK (2003). Effect of caffeine on perceptions of leg muscle pain during moderate intensity cycling exercise.
J Pain 4:316–21.
Mougios V (2007). Reference intervals for serum creatine kinase in
athletes. Br J Sports Med 41:674–8.
Nosaka K, Newton M, Sacco P (2002). Muscle damage and soreness after
endurance exercise of the elbow flexors. Med Sci Sports Exerc 34:920–7.
NSCA Certification Commission (2008). Exercise Technique Manual for
Resistance Training, 2nd ed. Champaign, IL: Human Kinetics.
Peake JM, Suzuki K, Wilson G, Hordern M, Nosaka K, Mackinnon L,
Coombes JS (2005). Exercise-induced muscle damage, plasma

120

cytokines, and markers of neutrophil activation. Med Sci Sports Exerc
37:737–45.
Pettersson J, Hindorf U, Persson P, Bengtsson T, Malmqvist U, Werkström
V, Ekelund M (2007). Muscular exercise can cause highly pathological liver function tests in healthy men. Br J Clin Pharmacol 65:
253–9.
Schneiker KT, Bishop D, Dawson B, Hackett LP (2006). Effects of caffeine
on prolonged intermittent-sprint ability in team-sport athletes.
Med Sci Sports Exerc 38:578–85.
Stephenson DG (2008). Caffeine—a valuable tool in excitation-contraction
coupling research. J Physiol 586:695–6.

J Exerc Sci Fit • Vol 6 • No 2 • 2008

