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A B S T R A C TA B S T R A C T

The effect of caffeine and sodium bicarbonate (NaHCO3) supplementation as recovery promoting nutritional aids 
after high-intensity exhaustive exercise performance has sparsely studied. This study tests the hypothesis that when caf-
feine or sodium bicarbonate (NaHCO3) are ingested after completion of exhaustive high-intensity exercise, a positive 
performance effect would be observed in subsequent high-intensity exercise. Healthy males (n=20) were assigned in a 
single-blind, randomized, counter-balanced design to ingest either 0.3 g.kg–1 body wt of NaHCO3 or 6 mg.kg–1 body wt of 
caffeine or a placebo after completion of an all-out 2000m rowing exercise (EX1). Participants rested for 90 min before 
engagement in a second 2000m rowing bout (EX2). Performance in EX2 was reduced (p<0.05) by 5.3±7.0 s compared to 
EX1 within the placebo trials. However, EX2 performance was unchanged (p>0.05) when NaHCO3 was consumed during 
the recovery period. In the caffeine trial EX2 performance was 2% better (p<0.05) than the second row within the placebo 
trial (456.0±17.8 vs. 464.6±21.6 s, respectively). The commencement of EX2 was associated with elevated blood [lactate], 
with NaHCO3 trials eliciting the highest [lactate], and reduced blood [glucose], apart from caffeine whereby blood [glucose] 
was maintained. No differences in heart rate of rate of perceived exertion was found between all trials. Caffeine improved 
same-day performance recovery in 2000m rowing relative to placebo, NaHCO3 supplementation maintained same-day 
rowing performance. Therefore, these supplements may potentially be beneficial as recovery aids in repeated high-inten-
sity exercise scenarios.
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Introduction

Recovery of performance from high-intensity exercise 
is imperative for athletes to maximize quality of training 
and their competitive potential. Swimmers, rowers and 
multi-event athletes engage in numerous high-intensity 
sessions within a single day, often without sufficient time 
between exercise bouts to effectively digest whole foods 
such as carbohydrate and protein1. Thus, currently, there 
is a dearth of research assessing the efficacy of nutrition-
al recovery strategies in repeated high-intensity exercise 
scenarios where fatigue may be associated factors such as 
disturbances in ion homeostasis or muscle such as 2000m 
rowing time-trial2,3.

2000m rowing is highly anaerobic and aerobic in na-
ture, it is unique to both cycle ergometry and treadmill 

running as it combines both static and dynamic compo-
nents and simultaneous activation of the arms, legs and 
trunk demonstrated that thirty minutes after completion 
of a 2000m row arterial [K+] remained below resting val-
ues, as did pH, whereas plasma [lactate] and [glucose] 
remained elevated above baseline levels4,5. Thus, metabol-
ic disturbances still persisted thirty minutes after com-
pletion of the exercise. 2000m rowing has been shown to 
significantly reduce both blood pH, to ~7.1 and HCO3

– (4–
fold). Blood [lactate] will also rise at least ten-fold, which 
attests to a high level of physiological stress6. Collectively, 
a 2000m rowing test appears to be a relevant experimen-
tal model to taxa the ion regulatory system in human 
skeletal muscle.
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The ergogenic effects of caffeine are well documented. 
However, caffeine’s utility for exercise that demands high 
levels of both anaerobic and aerobic elements remains 
equivocal and a key area of interest7. In relation to rowing, 
some studies demonstrated that caffeine ingestion result-
ed in a 1.2% and 0.7% performance improvement in 2000m 
rowing for elite men and women, respectively8,9. Further-
more, caffeine was able to prolong time to exhaustion 
during high intensity cycling from 247s to 296s10. Con-
trasting this, some study failed to find any performance 
benefit from caffeine supplementation on 2000m rowing 
performance11. To date, studies have only examined the 
efficacy of caffeine as a recovery supplement when com-
bined with carbohydrate after long-duration low-intensity 
glycogen depleting exercise12,13. Benefits of caffeine inges-
tion were apparent for long-term glycogen re-synthesis 
and performance in subsequent high-intensity intermit-
tent shuttle running12,13. 

NaHCO3 supplementation has been shown to ergogen-
ic for exercise protocols consisting of a high anaerobic com-
ponent, lasting between 1–7 minutes14. The rate of H+ ef-
flux from the muscle cells is dependent on the bicarbonate 
(HCO3–) concentration surrounding the interstitium15. 
Ingestion of 0.3 mg.kg–1 will increase blood [HCO3

–] by 
~6mmol.L–1 with a typical error of 7%14. Some studies 
demonstrated that blood HCO3

– is reduced markedly fur-
ther when exercise combines both the arms and legs16. 
Therefore, NaHCO3 supplementation post-exercise might 
serve as an important means of replenishing the dimin-
ished blood HCO3

– reservoir. 
To date, there is limited research comparing caffeine 

and NaHCO3 directly for the same exercise protocol; some 
studies showed that mean power during a 2000m row was 
increased by 2.3% for the caffeine trials and no benefits 
was observed for NaHCO3 ingestion14. Yet, some studies 
demonstrated that both supplements elicited similar per-
formance benefits for 3 km cycle time trials17. No previous 
investigations have analyzed the effects of post-exercise 
NaHCO3 supplementation on performance recovery, nor 
compared NaHCO3 to caffeine as acute recovery agents. 
The purpose of this investigation is to explore the poten-
tial benefits of post-exercise NaHCO3 and caffeine inges-
tion upon performance recovery in repeated 2000m row-
ing. The Hypothesis was two-fold; the initial 2000m 
rowing bout would cause a reduction in subsequent rowing 
performance and that post-exercise supplementation of 
either caffeine or NaHCO3 would have a positive effect on 
secondary rowing performance relative to placebo.

Materials and Methods

Participants

Twelve physically active males (X±SD: age 21.4±1.6 
years, body mass 79.3±8.3 kg, height 179.9±6.2 cm) famil-
iar with rowing ergometry, volunteered to participate in 
this study. The experimental procedures, potential benefits 

and associated risks were explained in detail to the subjects 
before all participants provided their written informed con-
sent to participate. All procedures employed were approved 
by the University of Exeter Ethics Committee.

Study design

Subjects attended the laboratory on 4 separate occa-
sions, separated by 7–14 days, this was deemed a suffi-
cient washout and recovery period. Participants were 
asked to report in a fully hydrated state and ≥ 2 postpran-
dial. The tests were carried out at the same time of the 
day (±1h) for each individual. Some studies stated that the 
benefits of caffeine supplementation are attenuated in ha-
bitual caffeine users, therefore all subjects were non-ha-
bitual caffeine users and refrained from strenuous exer-
cise, alcohol consumption and common caffeine-containing 
substances 72 h prior to the experiment18. 

On the initial visit, participants engaged in a familiar-
ization 2000m row, firstly performing a light 500m war-
mup, which was subsequently standardized for each exper-
imental visit, rested for two minutes, before performing a 
2000m maximum ‘all-out’ row. Subjects were then assigned 
into experimental groups to receive NaHCO3, caffeine or 
placebo (plain flour) in a single blind, randomized, counter 
balanced fashion via a Latin square.). 2000m rowing per-
formance has a standard measurement error of <1%19. This 
high level of reliability is important so that any observation 
of supplement induced improvements or decrements in per-
formance are likely to be related to the intervention rather 
than the variation within the exercise protocol.

Experimental protocol

During the 3 subsequent experimental visits, partici-
pants engaged in the standardized 500m warmup, before 
performing a maximal 2000m row (EX1), participants 
then had 90 min of passive recovery before engaging in 
the second 2000m row (EX2). 

Immediately after the completion of EX1 subjects were 
given the supplements, either NaHCO3 (0.3 g.kg–1 body wt; 
23.8±2.5 g), caffeine or placebo (6 mg.kg–1 body wt; 476±49.2 
mg)20,21. Caffeine was matched for color and volume with 
plain flour. All supplements were taken orally as gelatine 
capsules, under the supervision of the experimenter and 
with 7 ml.kg–1 of water, drank ad libitum. NaHCO3 supple-
mentation protocol began immediately after completion of 
EX1, capsules (20–24) were ingested in a staggered manor 
over a 20 min period to minimize gastro-intestinal dis-
tress14. Caffeine and placebo were administered as a single 
capsule, 20 minutes after the completion of EX1 (Figure 1).

Rowing protocol

EX1 and EX2 were performed on Concept II rowing 
ergometer (Concept 2 Inc., Vermont, USA). Standard er-
ror of measurement 0.6%22. The most widely used ergom-
eter for training purposes23. Subjects were given no tech-
nical advice; they were asked simply to perform the test 
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in the fastest possible time. To minimize effects of pacing 
strategy and experimenter bias subjects and experiment-
er could only see the distance remaining. Participants 
were given standardized verbal encouragement from the 
experimenter. The resistance for each row was set to lev-
el six. Time to completion was recorded, as well as the 
time of each 500m split. EX2 began exactly 90 min post 
EX1.

Physiological measures

Each experimental visit required ten fingertip capil-
lary blood samples (5 per exercise bouts), the first drop of 
blood was removed and then 300 μL of blood was collected 
in heparin-fluoride coated [glucose] Microvette CB 300 
tubes (Sarstedt Ltd, UK): Before warmup; immediately 
after; 1, 3 and 5 min post completion. Blood samples were 
immediately analyzed for blood [lactate] and [glucose], 
using (YSI 2500 Lactate Analyzer, YSI, UK), coefficient 
of variation <2%21.

Upon arrival, Subjects were fitted with heart rate (HR) 
monitors (Polar Electro, Finland). HR was monitored con-
tinuously throughout each rowing protocol via short-range 
radiotelemetry. Rate of perceived exertion (RPE) using the 
Borg scale was recorded24, during both rows at 500, 1000, 
1500 and 2000m. 

Statistical analysis 

Difference in performance time between EX1 and EX2 
within the respective supplementation groups was ascer-
tained via paired-samples t-tests. Differences in perfor-
mance between EX1 (EX1NaCHO3 vs. EX1caffeine vs. 
EX11placebo) and EX2 (EX2NaCHO3 vs. EX2caffeine vs. 
EX2placebo) were analyzed separately using one-way 
ANOVA with repeated measured. 500m split times be-
tween EX1 and EX2 for each supplement were compared 
using two-way repeated measures ANOVA (test 2 x split 
4). Furthermore, absolute reliability of baseline rowing 
performance was assessed via coefficient of variation 
(SD/X*100).

Two-way repeated measures ANOVA (test x time) com-
pared the within group differences in blood [glucose], [lac-
tate], HR and RPE variables between EX1 and EX2 for 
each supplement, this was also employed to determine the 
between group comparisons for the supplements during 
EX2 (supplement x time).

The origin of significant main and/or interaction ef-
fects were further analyzed via Bonferroni adjusted 
paired t-tests, to reduce level of significance and attenuate 
the chance of type 1 errors. All data will be analyzed using 
SPSS (version 21). Statistical significance was accepted at 
p<0.05. Results are presented as X±SD.

Results

Performance

No differences in time to completion of EX1 were ob-
served between the NaHCO3, caffeine and placebo trials 
(461.0±21.8, 459.0±19.8, 459.3±20.6 s; p>0.05, respective-
ly). Coefficient of variation for the baseline row was 1.1% 
(~5 s). The placebo group displayed a 1.2% (5.3±7 s; t(11)=–
2.6, p<0.05) reduction in performance in EX2 compared 
to EX1. However, NaHCO3 and caffeine trials showed no 
difference in performance between EX1 and EX2 (p>0.05) 
(Figure 2). Moreover, performance between supplements 
in EX2 showed that the caffeine trials demonstrated a 
1.9% faster performance time than the placebo trials 
(456.0±17.8, 464.6±21.6 s; p<0.05, respectively) (Figure 
2).

In the placebo trial the first 500m were significantly 
slower in EX2 compared to EX1 (111.6±6.4 vs. 106.6±5.4s; 
p<0.05). No differences between the remaining splits were 
observed. Within the caffeine trial there was no signifi-
cant differences between 500m splits at any time point. 
Whereas, within the NaHCO3 trial performance was slow-
er in the first 500m (107.4±6.8 vs. 110.8±6.8 s; p<0.05) but 
the final 500m was faster (118.7±6.1 vs. 115.7±6.8; p<0.05) 
during EX2 (Figures 3a–c).

Fig. 1. Schematic representation of the repeated 2000m rowing and supplementation. protocol.
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Fig. 2. Performance time in EX1 and EX2. Solid lines represent individual performance times. Bars represent mean performance 
time. *Significant difference compared to placebo EX1. #Significant difference compared to placebo EX2. p<0.05.

Fig. 3. a) 500m split times for each supplement – placebo. Solid 
line represents EX1, dashed line represents EX2. *Significantly 

different compared to EX1. p<0.05.

Fig. 3. b) 500m split times for each supplement – caffeine. Solid 
line represents EX1, dashed line represents EX2. *Significantly 

different compared to EX1. p<0.05.

Fig. 3. c) 500m split times for each supplement – NaHCO3. 
Solid line represents EX1, dashed line represents EX2. 

*Significantly different compared to EX1. p<0.05.
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Blood variables

No differences were apparent in plasma [lactate] at 
all sampling points during EX1. However, [lactate] was 
elevated prior to the start of EX2 for all supplement 
groups compared to initial baseline measurements 
(1.83±0.55, 1.74±0.44 & 2.5±0.84 mmol·L–1; p<0.05, for 
placebo, caffeine & NaHCO3 respectively.) Moreover, the 
NaHCO3 trials elicited a greater [lactate] over and above 
that of the placebo and caffeine trials (p<0.05) (Figure 
4a). Within the placebo trials [lactate] was lower (p<0.05) 
immediately after completion of EX2 compared to EX1. 
The caffeine trial displayed no difference (p>0.05) be-
tween EX1 and EX2. Throughout all sampling points, 
the NaHCO3 trial exhibited higher plasma [lactate] in 
EX2 compared to EX1. Moreover, between supplement 
comparisons demonstrated that at each sampling point 
during EX2 both the NaHCO3 and caffeine trials dis-
played significantly higher [lactate] compared to the pla-
cebo trials (p<0.05) (Figure 4b).

Blood [glucose] was similar throughout all sampling 
points (p>0.05) during EX1. Prior to the start of EX2, 
[glucose] was significantly reduced within both the pla-
cebo and NaHCO3 trials compared to the initial resting 
values (placebo: 4.5±0.6 vs. 4.1±0.7; NaHCO3: 4.7±0.7 vs. 
3.8±0.5 mmol·L–1; p<0.05). Baseline [glucose] between 
the caffeine trials remained similar. Furthermore, blood 
[glucose] were significantly elevated (p<0.05) at all sam-
pling points in the caffeine trials compared to the place-
bo and NaHCO3 trials throughout EX2 (Figure 5).

Heart rate and rate of perceived exertion 

There were no significant differences in HR at all re-
cording points both during exercise and throughout recov-
ery (Figure 6). Mean HRmax at the end of 2000m rowing 
for all trials was 178±1.2 b·min–1. However, resting HR 
within the caffeine group was higher prior to the start of 
EX2 bout compared to the start of EX1 (67±6 vs. 74±7 
b·min–1; p<0.05).

RPE for both the caffeine and placebo trials remained 
similar at all recording points, there was no significant 
differences between EX1 and EX2 nor between the sup-
plements (Figure 7).

Discussion

The study demonstrated that 2000m rowing perfor-
mance was impaired by 5.3s, when repeated after a 90 
min recovery interval, when no active supplement was 
ingested. However, the major findings of current investi-
gation were that ingestion of NaHCO3 throughout the re-
covery period, resulted in maintenance of subsequent 
rowing performance with only a 0.6s difference between 
EX1 and EX2. Moreover, supplementation with caffeine 
during the rest period resulted in a non-significant trend 
towards an increase in performance compared to EX1, 
with EX2 averaging a 3s faster time. Intriguingly, when 
EX2 in the caffeine trials was compared to EX2 in the 
placebo trials there was a significant difference in perfor-
mance of ~9s (Figure 2) which exceeded the coefficient of 
variation of 1.1% (5.1s) found between the baseline rows. 
These observations support the hypotheses, as 2000m 

Fig. 4. a) Resting lactate prior to the start of EX1 and EX2. Pla-
cebo (white/triangles), caffeine (black/circles), NaHCO3 (grey/
squares). *Significantly different compared to EX1. #Signifi-

cantly different compared to placebo. p<0.05.

Fig. 4. b) Comparison of lactate during the second row between 
all the supplements. Placebo (white/triangles), caffeine (black/

circles), NaHCO3 (grey/squares). *Significantly different 
compared to EX1. #Significantly different compared to placebo. 

p<0.05.
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Fig. 5. Blood [glucose] for all supplements for EX1 and EX2. Placebo (dashed/triangles), caffeine (black/circles), NaHCO3 (grey/
squares). *Significantly different from placebo and NaHCO3. p<0.05.

Fig. 6. Mean heart rate before, during and after 2000m rowing protocols. Bars represent each supplement; placebo (white), caffeine 
(black), NaHCO3 (grey). Solid line represents the overall mean response. EX1 is represent by bars closest to the Y-axis. *Significantly 

different from caffeine at baseline during EX1 (p<0.05).

Fig. 7. Rate of perceived exertion. Placebo (white), caffeine (black), NaHCO3 (grey).
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rowing was sufficient to induce performance inhibiting 
fatigue for at least 90 min following completion. Further-
more, both caffeine and NaHCO3 elicited a performance 
recovery benefit compared to placebo supplementation. 
This study demonstrates for the first time, that post-exer-
cise caffeine supplementation elicits a beneficial effect on 
performance recovery. Furthermore, that post-exercise 
NaHCO3 ingestion can maintain high-intensity exercise 
performance relative to the previous performance, when 
the body is in a state of metabolic fatigue.

Finally, the analysis of 500m split times for the place-
bo trials suggests that previous exercise had a negative 
impact on the initial stages of subsequent exercise, as the 
performance decrements during EX2 occurred in the first 
500m. NaHCO3 trials also showed a reduction in time 
through the first 500m, but this was compensated for by 
a faster last quarter of the time trial. It can be speculat-
ed that NaHCO3 provided additional capacity towards the 
latter stages. Finally, within the caffeine trials, there was 
no significant differences observed at any of the 500m 
split times in performance. Therefore, caffeine supple-
mentation during recovery provided the greatest poten-
tial for consistency between EX1 and EX2 (Figure 3).

Most of the research assesses the ability of pre-exer-
cise caffeine and NaHCO3 supplementation on improving 
performance capacity25,26. Furthermore, most research on 
caffeine and recovery relates to its ability to augment 
muscle glycogen resynthesis when co-ingested with car-
bohydrate after long-duration, low-intensity, glycogen 
depleting exercise12,13, which not appropriate to the pres-
ent study. Thus, direct comparison with previous litera-
ture is difficult. However, in one study caffeine and NaH-
CO3 administration improved high intensity intermittent 
exercise performance that was preceded by intense arm 
cranking to induce metabolic disturbance27, which sup-
ports the findings in the present study.

Regarding physiological explanations for the caffeine 
and NaHCO3 induced ergogenic effects, they are likely to 
be multifaceted. The plasma [lactate] remained elevated 
at the onset of EX2 (Figure 4a), which suggests that the 
body had not fully recovered from the previous 2000m 
exercise and that ion homeostasis had yet to have been 
re-established28. Moreover, the NaHCO3 induced greater 
plasma [lactate] compared to the caffeine or placebo tri-
als, which may be due to higher glycolytic activity due to 
the expected higher buffering of H+ at muscular level 
(REF). Also, it may be speculated that this phenomenon 
was caused by an augmented activation of the monocar-
boxylate transporters, increasing H+ and lactate efflux 
during the recovery period29, due to the influence of an 
increasing muscle-to-blood lactate gradient imposed by 
the NaHCO3 supplementation30. This postulated aug-
mented muscle lactate and H+ regulation might also in-
crease the activation of the Na+/K+ pumps leading to a 
more rapid restoration of the sarcolemma membrane po-
tential31. This can hypothetically be a potential mecha-
nism for the maintenance of performance observed with-
in the NaHCO3 trials. Further, some authors suggested 

that pre-exercise residual acidosis, might improve muscle 
vasodilation and perfusion at the onset of subsequent ex-
ercise32. Moreover, some authors further illustrate this 
paradoxical phenomenon, as performance in supramaxi-
mal exercise was improved when blood lactate was 
2.5mmol.L–1 compared to 1.1mmol.L–1 33. It is suggested 
that acidosis may enhanced sarcolemma excitability via 
a reduction in chlorine (Cl–) permeability, thereby reduc-
ing the magnitude of the Na+ influx required to generate 
an action potential12. The greater levels of lactate ob-
served after completion of EX2 for the caffeine trials 
might be associated with an increased rate of glycolysis 
due to the improved fatigue resistance induced by the 
caffeine supplementation, which is in accordance with 
previous findings27.

Prior to the onset of EX2, both placebo and NaHCO3 
trials had lower blood [glucose] than baseline measure-
ments. However, blood [glucose] in the caffeine trials was 
unchanged. The increase in blood glucose during the caf-
feine trial (Figure 5) is expected as the rate of catechol-
amine production is proportional to the amount of active 
muscle mass and exercise intensity34. Rowing therefor 
provides extremely favorable stimuli for catecholamine 
production and parallel increase in hepatic glucose out-
put. Intuitively, an up-regulation in circulating catechol-
amines, might be in part responsible for the improvement 
in performance observed in EX2in the caffeine trial in 
comparison to placebo. As catecholamines are known to 
increase rates of glycolysis35 and increase the activation 
of the Na+/K+ pump36. Recovery from previous exercise 
might be related to a higher blood [glucose] minimizing 
the deterioration of the electrical properties of the sarco-
lemma and maintaining action potential propagation20. 
Same study also demonstrated that ingestion of caffeine 
prior to high-intensity knee extensions reduced the accu-
mulation of K+ in the interstitium, which should facilitate 
improved exercise capacity20. Intriguingly, an insulin in-
crease caused by augmented blood [glucose] induced by 
caffeine ingestion might lead to enhanced affinity of the 
inner surface of the Na+/K+ pumps to Na+ thereby, increas-
ing Na+ efflux and K+ re-uptake36. 

RPE and HR was similar between all supplementation 
groups (Figures 6 and 7). This suggests that the aerobic 
system was under the same level of physiological stress 
during each 2000m row, irrespective of what supplement 
was taken. Intriguingly, performance in EX2 for the caf-
feine trial was 9 s faster than the placebo trial yet HR 
and RPE remained the same. It can therefore be specu-
lated that supplementation induced a performance im-
provement without a concomitant increased perception of 
effort, which lends itself to the intriguing possibility that 
supplementation influence the recovery of central fatigue 
as well as peripheral fatigue. Central fatigue might be 
combatted through caffeine antagonizing the adenosine 
A1 and A2a receptors, enabling greater central recruit-
ment and engagement of more motor units17,37. Or possibly 
via a reduction in interstitium [K+] might reduce the stim-
ulation of inhibitory group III and IV muscle afferents38. 
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Furthermore, post-exercise caffeine ingestion is associat-
ed with increased β-endorphin concentration, which has 
analgesic properties39.

Furthermore, possible mechanisms for the apparent 
enhanced recovery from post-exercise supplementation 
comes from some author who postulates that caffeine in-
gestion pre-activates the Na+/K+ pump at the onset of 
high-intensity exercise, thus increases the speed of K+ ki-
netics and reducing the early accumulation of K+ in the 
muscle interstitium20. Some authors have demonstrated 
that peak K+ reuptake during recovery is greater in NaH-
CO3 induced alkali conditions31. Finally, the augmented 
[Na+] in the plasma after NaHCO3 ingestion, draws water 
from the muscle cells40 reducing the diffusion distance 
within the interstitium which should increase the efflux 
rate of fatiguing metabolites into the blood41. 

 The main limitation to this investigation is the lack of 
invasive physiological measures. However, the effect on 
blood [HCO3

–] and pH after NaHCO3 ingestion is well doc-
umented14. However, it would be interesting to investigate 
whether post-exercise NaHCO3 supplementation aug-
ments the recovery of blood and/or muscle pH. Further-
more, some authors states that venous [K+] is not a valid 
reflection of interstitium concentration38. NaHCO3 admin-
istration will always need to be prescribed with caution, 
as even habitual NaHCO3 users might still experience 
gastro-intestinal distress14. 

Future research should seek to further explore these 
novel benefits of post-exercise supplementation of either 
NaHCO3 or caffeine in different types of exercise protocols 
that induce similar metabolic disturbances of comparable 
duration to 2000m rowing, such as 5 km cycling or 3km 
running. 

Conclusion

In conclusion, caffeine improved same-day perfor-
mance recovery in 2000m rowing relative to placebo. 
NaHCO3 supplementation maintained same-day rowing 
performance. The mechanisms that might promote recov-
ery after caffeine supplementation probably related to a 
maintenance of blood [glucose] during the recovery period, 
mediated by increased catecholamine output, augmenting 
the activity of Na+/K+ pump leading to a more rapid rein-
statement of ion homeostasis. Whereas post-exercise NaH-
CO3 ingestion might enhance Na+ and HCO3

– circulation, 
increasing the extracellular-to-intracellular pH gradient 
during the recovery period, therefore improving the effi-
ciency of monocarboxylate and Na+/K+ transporters, result-
ing in faster re-establishment of the sarcolemma potential 
and a more favorable ion milieu within the muscle cells. 
The results of the current investigation suggest that ath-
letes and coaches might benefit by utilizing either caffeine 
or NaHCO3 in this novel post-exercise supplementation 
fashion to potentiate performance in subsequent same-day 
high-intensity exercise, when there is not sufficient time 
for carbohydrate and/or protein digestion.
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KOFEIN I NATRIJEV BIKARBONAT POBOLJŠAVAJU IZVEDBU PONOVLJENIH VJEŽBI VISOKOG KOFEIN I NATRIJEV BIKARBONAT POBOLJŠAVAJU IZVEDBU PONOVLJENIH VJEŽBI VISOKOG 
INTENZITETAINTENZITETA

S A Ž E T A KS A Ž E T A K

Učinak kofeina i natrijevog bikarbonata (NaHCO3) kao nutritivnih dodataka za poticanje oporavka nakon iscrplju-
jućeg vježbanja visokog intenziteta nedostatno je proučavan. Ova studija ispituje hipotezu da se nakon iscrpnog vježban-
ja visokog intenziteta, nakon unosa kofeina ili natrijevog bikarbonata (NaHCO3), javlja pozitivan učinak na izvedbu u 
kasnijim vježbama visokog intenziteta. U jednostruko slijepom, randomiziranom ispitivanju, zdravi muškarci (n=20) 
uzimali su ili 0,3 g/kg-1 tjelesne težine NaHCO3 ili 6 mg/kg-1 tjelesne težine kofeina ili placebo nakon završetka vježbe 
veslanja na 2000 m (EX1). Sudionici su se odmarali 90 minuta prije drugog veslanja na 2000 m (EX2). Izvedba u EX2 
smanjena je (p<0,05) za 5,3±7,0 s u usporedbi s EX1 u ispitanika s placebom. Međutim, izvedba EX2 bila je nepromijen-
jena (p>0,05) nakon uzimanja NaHCO3. U ispitivanju s kofeinom izvedba EX2 bila je 2% bolja (p<0,05) od drugog 
veslanja u ispitivanju s placebom (456,0±17,8 naspram 464,6±21,6 s). Početak EX2 bio je povezan s povišenim laktatom 
u krvi, pri čemu su ispitivanja s NaHCO3 pokazala najvišu vrijednost laktata i smanjenu glukozu u krvi, a nakon kofeina 
glukoza u krvi je bila nepromijenjena. Između svih ispitivanja nisu pronađene razlike u brzini otkucaja srca i stopi per-
cipiranog napora. Kofein je poboljšao performanse istog dana u veslanju na 2000 m u odnosu na placebo, a NaHCO3 
suplementacija održala je performanse ponovljenog veslanja na istoj razini. Stoga ovi dodaci mogu potencijalno biti korisni 
kao pomoć pri oporavku u ponavljanim scenarijima vježbi visokog intenziteta.




