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Abstract
The aim of the present study was to investigate the effect of caffeine on vertical jumping height in rested condition and after 
a heavy strength training session. Six well-trained young males with experience in jump and strength training were included 
in this double-blinded, randomised study with cross-over design. Caffeine (3 mg/kg body weight) or placebo were ingested 
45 min prior to the jump tests. Jumping was performed on a force platform and vertical jumping height was calculated. After 
a standardized warm up, participants performed jumping series consisting of three maximal jumps with 30 s rest between 
jumps followed by five maximal jumps with 7 s rest between jumps. The participants performed a heavy strength training 
of the leg muscles (leg press: 3 × 15 reps) and the jumping series was repeated immediately after (30 s), and after 5 min and 
15 min recovery. Caffeine increased the maximal vertical counter movement jump height (P ≤ 0.05) and mean value of the 
5-jump sequence prior to the strength training. Caffeine increased jump height by 2.2 cm ± 0.5 cm at the first jump. Blood 
lactate after the strength training increased to 6.97 ± 1.20 and 7.77 ± 0.54 mmol/L in PLA and CAF, respectively (P = 0.19). 
The jump height was reduced by 8 cm after the strength training. There were no differences in jump height after ingestion of 
caffeine or placebo immediately after the strength training session or in the recovery period, but blood lactate in the recovery 
period was higher in CAF compared to PLA (ANOVA; P < 0.05). Conclusion: Caffeine increased the vertical jump height 
in the resting state. However, after a maximal effort strength training session the positive effect of caffeine was no longer 
significant.
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Introduction

Caffeine has ergogenic effect on many types of exercises, 
where physiological demands are quite different. The ergo-
genic effect of caffeine is best documented in aerobic exer-
cise and many studies have reported improved performance 
after intake of caffeine [16, 30–32]. Benefits of caffeine has 
also been documented in exercise, where anaerobic energy 
contribution is high such as Wingate test [6, 13] and caf-
feine intake increases maximal voluntary strength [34]. A 

meta-analysis concludes that caffeine increases MVC and 
muscular endurance [39].

Caffeine is a small molecule (1,3,7-trimethylxanthine) 
which binds and regulates several proteins [9]. Caffeine 
binds with high affinity to adenosine receptors and inhibits 
adenosine signalling [9, 40]. However, caffeine has many 
actions and inhibits PI 3-kinase [8, 19], phosphodiesterase 
[9], glycogen phosphorylase a [26] and stimulates  Ca2+ 
release [33]. Tarnopolsky and Cupido showed that caffeine 
increased force production during nerve stimulation at physi-
ological concentration in humans, indicating that caffeine 
has a direct effect on skeletal in humans [35].

Adenosine receptors are widely distributed and expressed 
in most tissues. Adenosine receptors are highly expressed 
in the brain and there are strong evidences for that caffeine 
improves performance via effect on the nervous system [5, 
9]. Caffeine influences many cell type/areas in the brain 
that could potentially contribute to improve performance 
[23]. In sport where large power production is crucial for 
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performance, activation and motor neuron recruitment 
need to be high. It has been shown that caffeine ingestion 
increases spinal excitability [38], and voluntary activation 
and strength [2]. Furthermore, it has been shown that caf-
feine improves the force–velocity relationship and muscle 
fibre conduction velocity [1], which will be beneficial for 
power production and jumping heights.

Recently, some studies have also shown that caffeine 
improves jumping capacity [3, 24, 28]. Perez-Lopez et al. 
found that caffeine increased performance at a number of 
tests evaluating explosive strength including jump height 
[24]. It has also been shown that caffeine increases jumping 
height in volleyball players [41] and basketball players [25].

A key question is whether caffeine improves performance 
after fatiguing exercise. Caffeine intake improves perfor-
mance and blood lactate is normally higher after exhaus-
tive exercise after intake of caffeine compared to placebo 
[30–32]. Furthermore, the higher effort after intake of caf-
feine, compared to placebo, resulted in higher plasma cre-
atine kinase (CK) the day after caffeine intake prior to the 
performance test [32]. It has also been reported that caffeine 
improves power during the first three sprints, whereas no 
effect was observed during the following seven sprints [12]. 
Therefore, caffeine intake may improve performance result-
ing in more extensive muscular stress, which will hamper 
performance later on. Therefore, it will be important to know 
whether caffeine can improve jumping performance in the 
early recovery after maximal effort strength training.

The aim of the present study was to investigate the effect 
of caffeine on maximal vertical jumping height and per-
formance in a 5-jump sequence in young strength-trained 
males. Furthermore, we aimed for the first time to investigate 
the effect of caffeine on jumping performance in the early 
phase of recovery after a short maximal effort strength train-
ing series of the leg muscles.

Materials and Methods

Six healthy males with experience in strength and jump 
training completed the study, which was randomised, 
double-blinded with cross-over and balanced design. Par-
ticipants were informed about the study and completed a 
health questionnaire. Exclusion criteria were known disease 
in heart or inability to perform heavy strength training or 
repeated maximal effort jumping. The study was performed 
as a student project without approval from Ethic commit-
tee. The study was conducted according The Declaration of 
Helsinki, and participants were informed about the project 
before they gave their informed written consent to partici-
pate and could withdraw at any time. Physical characteristics 
of the participants are shown in Table 1.

Study Design

The goal of the study was to investigate the effect of caffeine 
on jumping performance in the resting state and during the 
recovery period after a heavy strength training session of the 
leg muscles (leg press). The study included four test days 
within 2 weeks. On the first test day, anthropometrics data 
were collected, before one-repetition maximum (1RM) in 
leg press was tested and the jump series were practised. On 
the second test day, participants conducted familiarization 
training to find the correct weight that was going to be used 
during the strength training (15RM) and practised the jump 
series again.

The two main test days were separated by 7 days, and 
participants were not allowed caffeine containing drinks for 
the last 48 h before the tests and no exercise was allowed 
the last 24 h prior to the tests. On the first day, half of the 
group received caffeine and the other half placebo. On the 
second test day the groups were reversed. The study was 
double-blinded. Caffeine (3 mg/kg bodyweight) was mixed 
with FunLight raspberry (Stabburet 711–1411 Kolbotn) and 
placebo was FunLight raspberry without caffeine as in our 
previous studies [30]. The two drinks were given 15 min 
after arrival and 45 min before the start of the testing.

Jumping Series

Counter movement jump (CMJ) performed on a force plat-
form and jumping height was calculated. The test subjects 
were instructed to keep their hands on their hip during the 
jumping phase. The subjects chose the optimal angle in the 
knee during the counter-movement jump. The counter-move-
ment jump sequence included three single maximal jumps 
with 30 s rest between jumps, followed by a sequence of five 
jumps separated by 7 s rest (Fig. 1b).

Pre‑testing

On the first pre-test day, the subjects tested their 1RM in 
back laying leg press. The 1RM testing were performed 
with a knee angle of 75° measured with a goniometer. To 
control the movement angle in the leg press, a stopper was 

Table 1  Anthropometric characteristic and leg strength of partici-
pants

Leg strength is described as the load (kg) for 1RM and 15RM in back 
laying leg press
Data are mean ± SEM. N = 6

Weight (kg) Height (cm) Age (years) 1RM (kg) 15RM (kg)

89.9 ± 3.4 183.5 ± 2.6 24.3 ± 0.4 294.2 ± 21.4 219.2 ± 12.8
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adjusted individually to ensure a knee angle of 75° in the leg 
press. Before testing 1RM, the subjects did 5 min of general 
warm up on a stationary bike and four sets of leg press with 
increasing weights (10, 6, 4 and 2 repetitions). To define 
1RM the subjects performed single repetitions with increas-
ing weight until they were unable to lift the weight. The 
1RM was determined within four repetitions. After determi-
nation of 1RM, 15RM was estimated as 70% of 1RM. The 
participants completed 15RM with the calculated load, and 
the weight was adjusted to correspond to 15RM based on 
rate of perceived exertion, according to Borg´s CR10 scale 
for strength [4].

On the second day of pre-test, the subjects practised the 
test protocol used to study the effect of caffeine on jumping 
height. Participants performed the complete test procedure 
as used at the main test, but without caffeine and capillary 
blood samples.

Main‑Test

The subjects arrived the test facilities 1 hour before the 
test started. After 15 min of rest, caffeine or placebo was 
given. The participants rested another 30 min before warmup 
started. Lactate was measured in capillary blood before war-
mup (descried below). The warmup consisted of 4 min easy 
jogging and 3–4 “sprints” with increasing speed (~ 40 m). 
Approximately 1 min after the warmup, a new lactate meas-
urement was performed. The first jump series was performed 
45 min after intake of caffeine or placebo. After the first 
jump sequence, capillary lactate was measured.

Prior to the strength training session, participants per-
formed specific warm up in leg press consisting of ten rep-
etition at 40% of 1RM and eight repetitions at 60% 1RM. 

After the warmup, subjects performed three sets of dynamic 
leg press at 15RM. Each new set started every 3 min. Imme-
diately after the last repetition of the leg press, the subject 
walked over to the force plate and started the first jump 
sequence exactly 30 s after finishing the leg press. After the 
first single jump and after the jump sequence, lactate was 
measured. Lactate was also measured before and after jump 
series 5 min and 15 min after the strength training.

Force Platform

Counter-movement jumps were performed on a force plat-
form (AMTI LG6-4-1 Amplifier AMTI SGA6-3 AMTI, 
176 Waltham Street, Watertown, MA 02472, USA). The 
signals were filtered through a 1050 Hz low pass filter and 
transferred to a computer and jumping height was calculated 
[37]. Jumping height was calculated from the impulse during 
take-off phase.

Blood Lactate

Lactate was measured in capillary blood using YSI 1500 
SPORT (YSI Inc., Yellow Spring Instruments Ohio, USA) 
as described [27]. Blood lactate was measured before and 
after the four jumping series, except for the jumping series 
immediately after the strength training. Lactate was meas-
ured only after the jumping series immediately after the 
strength training to avoid delay between the strength train-
ing and jumping series.

Statistics

Data are presented as mean ± SEM. Maximal jumping 
heights between CAF and PLA were compared by T test. 

Fig. 1  Schematic overview of the design of the study and the jumping series. a Overview over the protocol on the test days. b Overview over the 
jumping series completed before and three times after the strength training session
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Jumping heights in jump series and lactate concentra-
tions with and without caffeine intake were compared 
with repeated measurements ANOVA with LSD as post 
hoc test. P < 0.05 are considered as significant differences. 
Effect size was expressed as Cohen’s d [29]. Formula for 
calculation of Cohen’s d = (M2 − M1)/SDpooled, where 
 SDpooled = √((SD1

2 + SD2
2)/2). Abbreviations: M1 and M2 

are means of the two tests, and  SD1 and  SD2 are standard 
deviations for the two tests compared.

Results

Caffeine intake increased maximal CMJ from 34.4 ± 1.0 
to 36.7 ± 1.3 cm (Fig. 1; ANOVA P < 0.01). The effect 
size (Cohen’s d) was 0.68. Caffeine also increased CMJ at 
the 5-jump series with start every 7 s (Fig. 2b; ANOVA 
P < 0.05). The strength training session decreased CMJ 
to 28.8 ± 1.0 and 30.7 ± 1.2  cm in PLA and CAF (no 
significant difference; Fig. 2c). Jump height during the 
5-jump series also decreased immediately after strength 
training, and caffeine did not increase jumping height 
(Fig. 1d). During the first 5 min of recovery, jumping 
height increased to 31.0 ± 1.0 and 31.7 ± 0.9 cm in PLA 
and CAF, respectively (Fig. 2e, f), but there were no effect 
of caffeine on jumping height. From 5 to 15 min of recov-
ery no further increase in jumping heights was observed 
(Fig. 2). Lactate was ~ 1 mmol/L at rest and increased 
to ~ 2.5 mmol/L during the warm up before the first jump 
(Fig.  2). Lactate during the strength training session 
increased to 6.97 ± 1.20 and 7.77 ± 0.54 mmol/L in PLA 
and CAF, respectively (T-test: P = 0.19). Blood lactate 
decreased gradually during the 15 min recovery period, 
where the jumps were performed (Fig. 3). Importantly, 
blood lactate was higher in the recovery period after caf-
feine intake compared to placebo (repeated measurements 
ANOVA: P < 0.05). 

Analysis of force production during vertical jump-
ing showed no significant differences at any time point 
(Fig.  4b). The maximal force production was reduced 
immediately after the strength training session but 
recovered after 5 min. The duration of force production 
increased immediately after the strength training session 
(Fig. 4c), supporting lower force production at higher 
speed (increased curvature of the force–velocity rela-
tionship). After 15 min recovery, vertical jumping height 
remained reduced, whereas both maximal force pro-
duction and duration of force production had recovered 
(Fig. 4b–d).

Discussion

The main finding of the present study was that caffeine 
increased maximal vertical jumping height by ~ 2  cm. 
However, caffeine did not increase jumping height after 
three sets of heavy leg press strength training. Of note, 
blood lactate was higher in the recovery period after 
intake of caffeine indicating more severe effort during the 
strength training. The ~ 2 cm increase in maximal jumping 
height will have large impact in sport competitions.

Caffeine improves performance in a number of differ-
ent experimental situations. We have shown that caffeine 
increases double-poling performance in exercise tests 
lasting from 4 min until 30 min [30–32]. Caffeine lowers 
perceived exertion at submaximal loads during endurance 
exercise [11, 16, 30–32] and increases anaerobic capacity 
[6]. In the present study, the effect of caffeine on jumping 
height was consistent and caffeine increased CMJ on the 
two first and mean CMJ height during the three maximal 
jumps. Moreover, caffeine increased mean jumping heights 
at the 5-jump series with 7 s between jumps prior to the 
strength training.

In many sports, like soccer, handball and volleyball, 
jumping height is a valuable physical quality, and maximal 
strength contributes to development of power and speed 
[22]. In line with this, many athletes conduct strength train-
ing to improve jumping height [17]. Importantly, the partici-
pants had experience with both strength and jump training, 
which allow reliable tests. In the present study, coefficient 
of variation (CV) for maximal jumping height between the 
two first maximal jumps was 1.1%, which allows detecting 
small effects. The effect size for maximal jumping height 
was moderate (0.68) and the fact that caffeine increased 
jumping performance has practical implications in sports 
like high jump, where ~ 2 cm increase during competitions 
may have dramatic effects at the final result. Recent studies 
support the finding that caffeine increases maximal jumping 
height [3, 24, 41]. Importantly, Perez-Lopez et al. found that 
caffeine increased performance at a number of test evaluat-
ing explosive strength including counter movement jumping 
height [24]. Increased jumping height has also been found 
in volleyball players [41] and basketball players [25] after 
intake of caffeine. The present study supports that caffeine 
improves jumping height, which requires fast and high force 
development.

Caffeine has several mechanisms of action, which may 
mediate the improved performance. Caffeine binds to and 
inhibits adenosine receptors at low physiological concentra-
tions [9]. Adenosine receptors are expressed on most cell 
types, and caffeine has effects on both the nervous system 
and peripheral tissue. Caffeine has many effects on the nerv-
ous system, and caffeine increases spinal excitability [38], 
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Fig. 2  Jumping height with and without caffeine intake before 
strength training. a Jumping height at the three maximal jumps 
with 30  s rest between jumps. N = 6 except for jump 3, where n = 5 
for placebo. b Jumping height at 5-jump series with 7 s rest between 

jumps. N = 6 except for jump 4 (n = 5) and jump 5 (n = 4) in pla-
cebo. Repeated measurement ANOVA treatment effect; a P < 0.05; b 
repeated measurement ANOVA time effect. Post hoc (LSD) *P < 0.05 
comparing placebo and caffeine
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but caffeine affects several systems in the brain, which can 
explain increased jumping heights [23]. In the present study, 
jumping heights were calculated with a force platform and 
the speed leaving the ground determines the heights. We 
were unable to detect any significant effects of caffeine on 
maximal force production, although the statistical analyses 
indicated a higher maximal force production (ANOVA; 
P = 0.059) and faster press time in jumps (ANOVA; 
P = 0.11). Higher force production in the jump phase can 
result from recruitment of more motor units or higher firing 
rate [15]. In the present study, EMG was not recorded, but 
there are several mechanisms that could explain the elevated 
jumping height.

Caffeine has direct effect on skeletal muscles [36], and 
it is well-documented that caffeine increases  Ca2+ release 
via binding to ryanodine receptor [33]. In humans, physi-
ological concentrations of caffeine increases force produc-
tion during nerve stimulation, indicating that caffeine has a 
direct effect on skeletal [35]. Caffeine has been reported to 
preserve force production longer during isometric contrac-
tion without increasing motor neuron firing rate [21], which 
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indicates direct effects on skeletal muscles. In particular, the 
fact that caffeine stimulates  Ca2+ release [33] could contrib-
ute to elevated force and jumping height.

In the present study, the effect of caffeine was observed 
before the heavy strength training session in leg press, but no 
significant effect was observed immediately after and during 
the recovery period. The strength training session decreased 
maximal CMJ by ~ 8 cm immediately after the strength train-
ing in both PLA and CAF, but jumping height was not sig-
nificantly higher after caffeine intake. These data show that 
jumping height decreases substantial after maximal effort 
strength training, and the jumping height remained signifi-
cantly reduced during the 15 min recovery despite jumping 
height increased significantly during the first 5 min recov-
ery. Caffeine intake increases performance, which results in 
more severe fatigue and elevated physiological markers of 
stress [32]. It has been reported that twitch-force was lower 
after a 4-km time trial with intake of caffeine compared to 
placebo [7]. In the present study, blood lactate was higher 
in the recovery period after caffeine ingestion compared 
to placebo, indicating that more work was done during the 
strength training session.

The mechanisms for the large decrease in jumping height 
after the strength training are not clear. Blood lactate is nor-
mally higher after caffeine ingestion when endurance exer-
cise performance tests are conducted [30–32]. In the present 
study, the strength training session was though and increased 
lactate concentration to ~ 8 mmol/L, and blood lactate was 
higher in the recovery period after intake of caffeine, sup-
porting that larger effort during the strength training session 
after caffeine ingestion, which might be the reason why caf-
feine no longer improved jumping height. However, blood 
lactate decreased during the recovery period and lactate was 
only slightly elevated after 15 min recovery, whereas jump-
ing height did not increase between 5 and 15 min recovery.

To investigate the mechanism for the reduction in maxi-
mal jumping height after the short maximal effort strength 
training session, maximal force production and the dura-
tion of force production during jumping were investigated. 
Fatigue reduces maximal force, maximal contraction veloc-
ity and curvature of the force–velocity relationship, which 
will all contribute to reduced power production [18, 20]. 
In the present study, maximal force production decreased 
immediately after the strength training session, which have 
contributed to the reduction in vertical jumping height. 
Immediately after the strength training, the duration of the 
force production was also longer, indicating that lower force 
was produces at higher velocities during the jump. Maximal 
force production had recovered after five recovery, which 
is supported by other studies [10]. However, the duration 
of jump remained longer, suggesting that the maximal 
effort strength training primarily affects force development 
at higher speed. This idea agrees with the fact that fatigue 

increases the curvature of the force–velocity curve [20]. 
After 15 min recovery, no difference in maximal force or 
duration of force production was observed, agreeing with 
increased curvature of the force–velocity curve, and lower 
force production at higher contraction speeds [18], result-
ing in lower jumping height. Caffeine did not influence the 
vertical jumping height during the recovery period, although 
duration of force production time tended to be lower after 
caffeine intake.

Interestingly, Glaister et  al. reported that caffeine 
improved power during the first three sprints, whereas no 
effect was observed during the following seven sprints 
[12]. This suggests that one has to “pay the price” for 
the better performance during the first exercise tasks after 
caffeine intake later on. It has also been reported that caf-
feine increases 1RM in back squat [14], and the higher 
performance requires higher energy production and met-
abolic stress. The higher effort during physical activity 
after intake of caffeine, compared to placebo, will cause 
exhaustion and muscles damage, supported by what we 
previously reported  that higher plasma creatine kinase 
(CK) was observed the day after caffeine intake prior to 
the performance test [32]. Therefore, it is not surprising 
that caffeine did not increase performance after a hard 
strength training session.

There are some limitations and strengths to keep in mind 
when the data in the present study are interpreted. It is a 
limitation that the number of participants are low, since low 
number of participants is associated with risk for type II 
errors. In the present study, the investigations of force pro-
duction in the jumps did not show significant effect of caf-
feine. This lack of significant effect could be a type II error 
and these data need to be interpreted with caution and this 
question need to investigated more carefully. However, the 
effect of caffeine prior to the strength training session was 
consistent. Moreover, it is a strength that the participants had 
experience from both jump and strength training.

In conclusion, caffeine improved maximal vertical jump 
height and jump height during a 5-jump series. Jumping 
height decreased by ~ 8 cm immediately after three series 
of heavy leg press strength training and no significant 
effect of caffeine was observed. After 5 and 15 min recov-
ery of recovery, jumping height was still reduced and no 
significant effect of caffeine on recovery was observed. 
The data suggest that caffeine can improve performance 
in competitions like high jumping.
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