
Summary of studies of Bicarbonate/Citrate and sports performance 
 

Note:  This table is a continually updated version of chapter 16. Supplements and sports foods, Burke and Deakin (eds). Clinical Sports Nutrition, 4th ED, McGraw Hill, 
Sydney 2010. 

 
The summary of studies performed on bicarbonate/citrate and sports performance are categorised by the following themes: 

 

 ACUTE SUPPLEMENTATION PROTOCOL BEFORE SPORTS PERFORMANCE  

 “SERIAL” (SEVERAL DAYS) SUPPLEMENTATION PROTOCOL BEFORE SPORTS PERFORMANCE  

 ACUTE SUPPLEMENTATION PRIOR TO TRAINING SESSION   

 CHRONIC SUPPLEMENTATION AS SUPPORT FOR TRAINING OUTCOMES/ADAPTATION   

 
Last updated January 2012 



 
 STUDIES OF BICARBONATE OR CITRATE LOADING WITH RELEVANCE TO SPORTS PERFORMANCE 

 
REFERENCE SUBJECTS DOSE EXERCISE PROTOCOL PERFORMANCE 

ENHANCEMENT 
SUMMARY 

ACUTE SUPPLEMENTATION BEFORE SPORTS PERFORMANCE 

Joyce et al. 2012 8 highly trained  male 
swimmers 

 

Crossover design 

300 mg/kg/d sodium 
bicarbonate taken from 

105-90 min pre-trial  

Swimming 

 200 m TT followed by a 

further TT 24 h later 

 

Immediate TT – no 

TT 24 h later - no 

Plasma bicarbonate concentration was increased by acute loading 
prior to first TT but was returned to baseline after 24 h. There was 

no enhancement of TT performance with acute loading compared 
with placebo trial (1:59.57 ± 0:06.21 vs 1:59.02 ± 0:05.82 and no 
difference in further TT after 24 h.  Mild symptoms of gut 

discomfort were noted but were not reduced by a serial loading 
protocol (see above). Suggested that highly trained athletes may 
already have enhanced muscle buffering capacity and benefit less 

from bicarbonate loading   

Zabala et al. 2011 

 

 

10 elite  motocross 
(BMX) cyclists 

Crossover design 

300 mg/kg sodium 
bicarbonate  90 min  pre 

trial 

BMX simulation 

 3 x 30 s cycling 
Wingate tests with 15 
min recovery 

 Counter movement 
jump 

 

No 

 

No 

 

Bicarbonate maintained enhanced buffering capacity across the 3 
trials, but did not improve power or fatigue characteristics of 

Wingate sprints or jump height.  Authors concluded  that test 
protocol may not have produced sufficient H+ efflux to benefit from 
additional buffering,  

Carr et al. 2011 8 well trained rowers 
Crossover design 

300 mg/kg sodium 
bicarbonate  and/or 
6 mg/kg caffeine pre-trial 

Rowing 

 2000 m ergometer TT 

No Performance was enhanced by ~ 2% with caffeine but GI symptoms 
associated with bicarbonate counteracted this leading to unclear 
performance outcome 

Sale et al. 2011 20 male cyclists 
Parallel group design 
for B-alanine with 
Crossover for 
bicarbonate  

sodium bicarbonate pre-
trial and/or 
4 weeks @ 6.4 g/d B-
alanine 

Cycling 

 TTE @ 110% power max  

Perhaps  B-alanine enhanced cycling capacity. Addition of bicarbonate 
increased TTE by 6 s (4% increase) which did not reach statistical 
significance but according to magnitude based inferences, has a 70% 
probability of being a meaningful  improvement 

Cameron et al. 2010 25 male rugby players 
Crossover design 

300 mg/kg sodium 
bicarbonate  65 min pre 
warmup 

Rugby Union 

 Rugby-specific 
repeated sprint  test  
after 25 min warmup + 
9 min rugby specific 
play 

No No difference in performance of rugby specific test between trials.  
High risk of gut side-effects reported that may impair performance 

Wu et al. 2010 9 collegiate male 
tennis players 
Crossover design 

300 mg/kg sodium 
bicarbonate pre and 
100mg/kg during 
exercise 

Tennis 

 Simulated tennis match 
with Loughborough 
Tennis skill test 
performed pre and 
post 

Yes Consistency scores for a number of strokes declined significantly 
post match with placebo but were maintained in the bicarbonate 
trial. The match-induced declines in the consistency scores were 
significantly larger in the placebo trial than those in the bicarbonate 
trial. 



REFERENCE SUBJECTS DOSE EXERCISE PROTOCOL PERFORMANCE 
ENHANCEMENT 

SUMMARY 

Tan et al 2010 12 elite female water 
polo players 
Crossover design 

300 mg/kg sodium 
bicarbonate pre exercise 

Waterpolo 

 59 min match 
simulation with 56 x  10 
m sprint swims 

No Percentage difference in mean sprint times with bicarbonate vs 
placebo were not substantial (0.4 ±- 1.0, p = .51). 

Siegler & Hirscher 2010 10 male amateur 
boxers 
Crossover design 

300 mg/kg sodium 
bicarbonate pre exercise 

Boxing 

 Sparring : 4 x 3 min 
rounds with 1 min 
recovery 

Yes Significant increase in punches successfully landed in bicarbonate 
trial 

Siegler & Gleadall-
Siddall 2010 

6 male and 8 female 
competitive swimmers 
Crossover design 

300 mg/kg sodium 
bicarbonate pre exercise 

Swimming 

 8 x 25 m with 5 s 
recovery(simulation of 
200 m race controlled 
for variability in turns) 

Yes Total swim time was 2% faster in the bicarbonate trial (159.4 ± 25.4 
vs. 163.2 ± 25.6 seconds; P < 0.04). 

Pruscino et al. 2008 

 

6 elite male swimmers 

Crossover design 

300 mg/kg sodium 

bicarbonate spread 120–
30 minutes pre-trial 

6 mg/kg caffeine 45 

minutes pre-trial 

Swimming 

 2 × 200 m TT on 30-
minute recovery 

No, for a one-off 200 m 

time-trial 

Yes, for repeat 200 m 
time-trials 

Bicarbonate enhanced performance, with and without caffeine on 

repeat performance. Effect was less evident for a single effort. 
Majority of athletes recorded fastest TT for single and repeat 
performance from the combination of bicarbonate and caffeine. 

Zabala et al. 2008 9 elite male BMX riders 

Crossover design 

300 mg/kg sodium 
bicarbonate 90 minutes 

pre-trial 

BMX simulation 

 3 x 30 s cycling 
Wingate tests with 30 
min recovery 

 

No Bicarbonate maintained enhanced buffering capacity across the 3 
trials, but did not improve power or fatigue characteristics of 

Wingate sprints or perceived effort.  Riders reported enhancement 
of perceived readiness for next trial, however. Authors concluded  
that test protocol may have been too short and recovery period too 

long to sufficiently challenge buffering capacity  

Lindh et al. 2008 

 

9 elite male swimmers 

Crossover design 

300 mg/kg sodium 
bicarbonate spread 90–

60 minutes pre-trial 

Swimming 

 200 m TT 

Yes 

 

Swimming TT with bicarbonate trial was 1.6% faster than placebo 
trial in internationally competitive swimmers. 

 

McLung et al. 2007 4 female and 12 male 
national level 

endurance runners 

Crossover design 

120-90 min pre-trial Running 

 1000 m track run 

Perhaps – but due to 
belief effect? 

Study design tested the independent effects of bicarbonate and 
belief by comparing performance in 4 trials – receiving bicarbonate 

when told they had received an active agent or inert agent, and 
inert agent when told they were receiving active ingredient or not.  
Fastest run achieved when told and received bicarbonate (184.7 ± 

24.1 s) with next best time when told they had received active agent 
but didn’t receive it (185.1 ± 22.1 s).  Times when told no active agent 
were similar despite receiving bicarbonate (188.5 ± 24.4 s) or not 

(187.9 ± 22.4 s).  Overall, the only statistically significant effect was a 
main effect of being told they had received an active agent.   

Artioli et al. 2007 

 

9 national level judo 

athletes 

Crossover design 

300 mg/kg sodium 

bicarbonate 120 minutes 
pre-trial 

Judo 

 Three judo-specific 
throwing fitness tests on 5 

 

Yes 

Bicarbonate supplementation increased total throws completed, 

primarily in bouts two and three. 

Greater mean power with bicarbonate supplementation in bouts 



REFERENCE SUBJECTS DOSE EXERCISE PROTOCOL PERFORMANCE 
ENHANCEMENT 

SUMMARY 

14 national level judo 
athletes 

Crossover design 

300 mg/kg sodium 
bicarbonate 120 minutes 
pre-trial 

minutes recovery 

 Four Wingate anaerobic 
upper body tests on 3 
minutes recovery 

 

 

Yes 

three and four and greater PPO in bout four. 

Bishop & Claudius 2005 

 

7 female team sports 

players 

Crossover design 

2 × 200 mg/kg 

bicarbonate @ 90 
minutes and 20 minutes 
pre-exercise 

 

Team sport simulation 

 Intermittent cycling 
protocol of 2 × 36-minute 
‘halves’ involving repeated 

2-minute blocks (all- out 4-
second sprint, 100-second 
active recovery at 35% VO2 

peak, and 20 seconds of rest) 

Yes 

 

Bicarbonate supplementation failed to produce any effect on 

performance in first half, but caused trend towards improved total 
work in the second half (p = 0.08). In particular, subjects completed 
significantly more work in 7 of 18 4-second sprints in second half in 

the bicarbonate trial. 

Montfoort et al. 2004 15 competitive male 
distance runners 

Crossover design 

300 mg/kg sodium 
bicarbonate or 525 

mg/kg sodium citrate 
90–180 minutes pre-race 

 

Running 

 Treadmill run to 

exhaustion at speed 
designed to last 1–2 minutes 

Yes for bicarbonate 

Perhaps for citrate 

Analysis estimated likelihood of treatments increasing endurance 
compared to placebo by at least 0.5% (considered to be the smallest 

worthwhile improvement). Bicarbonate produced 2.7% 
enhancement of endurance (96% chance of improvement); citrate 
enhanced endurance by 0.5% (50% chance). Overall, authors 

concluded that bicarbonate is most effective, and citrate is possibly 
not as effective. No difference in gastrointestinal symptoms. 

Bishop et al. 2004 

 

10 recreational team 

sports players (F) 

Parallel group design 

0.3 g/kg sodium 

bicarbonate, 90 minutes 
before exercise 

Cycling 

 5 × 6-second maximal 
sprints, every 30 seconds 

Yes 

 

Compared to the control group there was a significant increase in 

total work for five sprints and peak power output in sprints 3–5. 

Mero et al. 2004 

 

8 male + 8 female 

national level 
swimmers 

Crossover design (30-

day washout) 

300 mg/kg bicarbonate 

or gelatin placebo, 2 
hours pre-exercise (6 
days @ 20 g/d creatine 

also taken prior to 
bicarbonate trial) 

Swimming 

 2 × 100 m swims with 10 
m passive recovery 

Yes (?) 

 

Faster time for second swim with creatine/bicarbonate trial than 

with placebo: 1-second reduction in performance from first swim in 
placebo compared with 0.1 s drop-off in supplement trial (p < 0.05). 
Study unable to indicate individual effect of bicarbonate. 

Oopik et al. 2004 10 male collegiate 

runners 

Crossover design 

500 mg/kg sodium 

citrate 2 hours pre-
exercise 

Running 

 5000 m track run 

 

No Citrate consumed in 1.5 L water increased BM but did not enhance 
performance of a 5000 m run in field conditions  
(1100.0 ± 79.1 and 1082.7 ± 62.0 s in citrate and placebo trials, 
respectively, p = 0.09).  
 

Price et al. 2003 

 

8 active male runners 

Crossover design 

300 mg/kg sodium 

bicarbonate 1 hour pre-
exercise 

 

Team sport simulation: 

 Intermittent cycling 
protocol of 30 minutes 
involving repeated 3-minute 

blocks (90 seconds at 40%, 
60 seconds at 60% VO2 max 

Yes 

 

Significant main effect with greater PPO achieved in 14-second 

sprints across protocol in bicarbonate trial, whereas placebo trial 
showed gradual decline in PPO across time. Blood lactate levels 
elevated to 10–12 mmol/L by 10 minutes and remained elevated 

across rest of protocol. Such values are higher than is generally 
reported in team sports; thus movement patterns may not reflect 



REFERENCE SUBJECTS DOSE EXERCISE PROTOCOL PERFORMANCE 
ENHANCEMENT 

SUMMARY 

and 14 seconds at maximal 
sprint) 

the true workloads or physiological limitations of team sports. 

Oopik et al. 2003 

 

17 male collegiate 
distance runners 

Crossover design 

500 mg/kg sodium 
citrate 2 hours pre-

exercise 

 

Running 

 5000 m treadmill run 

 

Yes 

 

Performance significantly faster (p < 0.05) for citrate trial (1153 
seconds) compared with placebo trial (1183 seconds). High risk of 

gastrointestinal distress. Blood lactate concentration higher after 
race with citrate trial. No change in RPE. 

 

Bowman et al. 2002 7 female and 3 male 
collegiate swimmers 

Crossover dose-

response design 

100, 200 or 300 mg/kg 60 
pre time trial (45 before  
warm-up) 

Swimming 

 1100-400 m TT 
depending on main event, 
short course pool 

Yes at all doses Swimmers improved TT performances at all doses:  compared with 
control, times were 97.0 ± 1.27% for 0.1 g/kg, 98.19 ± 1.75% for 0.2 
g/kg and 99.10 ± 1.02% for 0.3 g/kg, all P < 0.05.  Side-effects 

increased with increasing dose. 

Stephens et al. 2002 

 

6 well-trained male 
cyclists/triathletes and 

1 cross-country skier 

Crossover design 

300 mg/kg sodium 
bicarbonate 2 hours pre-

exercise 

 

Cycling 

 30 minutes at 77% VO2 

max + TT (~30 minutes) 

 

No 

 

Increase in blood lactate but no difference in TT performance time, 
muscle glycogen utilization or lactate. 

 

Shave et al. 2001 

 

7 elite male + 2 elite 

female athletes 

Crossover design 

500 mg/kg sodium 

citrate 1.5 hours pre-race  

 

Running 

 3000 m 

Yes 

 

Performance time significantly faster (p < 0.05) for citrate trial 

(610.9 seconds) compared with placebo trial (621.6 seconds). High 
risk of gastrointestinal distress. 

 

Schabort et al. 2000 

 

8 endurance-trained 
male cyclists and 
triathletes 

Crossover design 

200 mg/kg, 400 mg/kg 
and 600 mg/kg sodium 
citrate 1 hour pre-

exercise 

Cycling 

 40 km TT including 500 
m, 1 km and 2 km sprints 

No 

 

Increasing citrate dose increased blood pH but no effect on sprint 
performances or overall 40 km TT performance (58:46, 60:24, 61:47 
and 60:02 minutes for citrate (200, 400 and 600 mg/kg doses) and 

placebo. 

McNaughton et al. 
1999b 

10 well-trained male 
cyclists 

Crossover design 

300 mg/kg sodium 
bicarbonate 90 minutes 

pre-exercise 

Cycling 

 60-minute TT 

Yes 

 

14% more work completed with bicarbonate 

 

Potteiger et al. 1996a 8 trained male cyclists 

Crossover design 

500 mg/kg sodium 
citrate 90 minutes pre-

exercise 

 

Cycling 

 30 km TT 

Yes 

 

Reduction in TT time (57:36 minutes versus 59:22). Sodium citrate 
raised pH values from 10 km onwards and improved power output 

in the initial 25 minutes. 

Potteiger et al. 1996b 

 

7 well-trained male 

runners 

Crossover design 

300 mg/kg sodium 

bicarbonate and 500 
mg/kg sodium citrate 
2 hours pre-exercise 

 

Running 

 30 minutes at LT + TTE 
at 110% LT 

No 

 

Both citrate and bicarbonate supplementation increased blood pH 

during steady state run. No differences in run to exhaustion: 287 
seconds, 172.8 seconds, 222.3 seconds for bicarbonate, citrate and 
placebo respectively. 

Tiryaki & Atterbom 11 collegiate female 
runners + 4 trained 

300 mg/kg sodium citrate 
or sodium bicarbonate 

Running No No performance effect despite significant changes to acid–base 



REFERENCE SUBJECTS DOSE EXERCISE PROTOCOL PERFORMANCE 
ENHANCEMENT 

SUMMARY 

1995 

 

non-athletes 

Crossover design 

2.5 hours pre-exercise 

 

 600 m 

 

 status. 

 

Bird et al. 1995 

 

10 trained middle-

distance runners 

Crossover design 

300 mg/kg sodium 

bicarbonate (half at 120 
and half at 90 minutes 
pre-exercise) 

Running 

 1500 m 

 

Yes 

 

Performance in bicarbonate trial improved compared with placebo 

trial (253.9 versus 256.8 seconds, p < 0.05). 

 

Pierce et al. 1992 

 

7 male collegiate 
swimmers 

Crossover design 

200 mg/kg bicarbonate, 
sodium chloride placebo 
or control, 1 hour pre-

exercise 

 

Swimming 

 100 yards freestyle 

 2 × 200 yards swims 20-
minute recovery between 

each race (simulation of 
competition program) 

No 

No 

No difference in swim times between trials. 

 

McNaughton & Cedaro 
1991 

 

5 highly trained male 
rowers 

Crossover design 

300 mg/kg sodium 
bicarbonate 95 minutes 

pre-exercise 

 

Rowing 

 6-minute maximum 
effort on ergometer 

 

Yes 

 

Increased work and distance rowed in bicarbonate trial (1861 m 
versus 1813 m). Increased lactate levels. 

 

Goldfinch et al. 1988 

 

6 trained male runners 

Crossover design 

400 mg/kg sodium 

bicarbonate 60 minutes 
pre-exercise 

Running 

 400 m 

Yes 

 

Improved running time (56.94 seconds versus 58.63 for placebo and 

58.46 for control). Elevated post-exercise values for pH and base 
excess. 

Wilkes et al. 1983 

 

6 varsity track male 

athletes 

Crossover design 

300 mg/kg sodium 

bicarbonate 2.5 hours 
pre-exercise 

 

Running 

 800 m 

 

Yes 

 

Improved running time (2:02.9 minutes versus 2:05.1 for placebo 

and 2:05.8 for control). Elevated post-exercise values for pH, lactate 
and blood bicarbonate. 

SERIAL SUPPLEMENTATION PROTOCOL BEFORE SPORTS PERFORMANCE – note that the lack of research on this protocol has required us to include studies on mildly trained populations 

Joyce et al. 2012 8 highly trained  male 
swimmers 

 

Crossover design 

300 mg/kg/d sodium 
bicarbonate divided in 3 

daily doses for 3 d + final 
dose on day 4 (or as a 
single dose 90 min prior 

to a TT on Day 4) 

Swimming 

 200 m TT on Day 4, 

followed by a further 
TT 24 h later 

 

After 3 d – no 

Further 24 h later - no 

Plasma bicarbonate concentration was increased after 3 d serial 
loading, although to a smaller extent than when same daily amount 

was taken as acute dose 90 min before the TT.  However 
bicarbonate concentrations returned to baseline 24 h after last 
dose. There was no enhancement of TT performance immediately 

after serial loading compared with placebo trial (1:58.53 ± 0:05.64 vs 
, 1:59.02 ± 0:05.82 and no difference in between this TT and a further 
TT after 24 h.  Mild symptoms of gut discomfort were noted but not 

different to those noted in acute loading protocol (see below)   

Douroudos et al. 2006 

 

24 untrained males 

Parallel group design 

 300 or 500 mg/kg/d 
sodium bicarbonate 

divided in 2 daily doses 
for 5 d 

Cycling 

 Wingate anaerobic 
cycling test 

Yes, in dose-dependent 
manner 

 

Performance increased with bicarbonate supplementation; larger 
increase in higher bicarbonate group (7.7 W/kg vs. 7.3 W/kg and 6.7 

W/kg for 500, 300 and 0 mg/kg, respectively), in line with 
adjustments in resting blood bicarbonate concentration. 

McNaughton & 8 recreationally active 500 mg/kg/d sodium Cycling Yes, for both acute and Similar improvement in performance with acute and chronic 



REFERENCE SUBJECTS DOSE EXERCISE PROTOCOL PERFORMANCE 
ENHANCEMENT 

SUMMARY 

Thompson 2001 

 

males 

Unblinded crossover 
design 

bicarbonate divided in 4 
daily doses for 6 days 
(chronic) or 500 mg/kg 

sodium bicarbonate 90 
minutes pre-trial (acute) 

 90-second TT 

Tests conducted on day of 
intake, plus following day 

chronic ingestion  

 

bicarbonate supplementation on the first day of testing. However, 
performance improvement was maintained only in the chronic trial 
on the day after ceasing last bicarbonate dose. Increase in blood 

bicarbonate and pH following 1 day of supplementation that was 
maintained throughout study in the chronic group. 

McNaughton et al. 

1999b 

8 recreationally active 

males 

Unblinded single 
group design with 

order effect 

500 mg/kg sodium 

bicarbonate in four 
divided doses per day for 
5 days  

 

Cycling 

 60-second TT 

Tests conducted pre-trial, 
post-supplementation and 1 
month later (control) 

Yes 

 

Greater PPO and total work at end of chronic bicarbonate 

supplementation period compared to pre-trial and control test 1 
month after supplementation. Increase in blood bicarbonate and pH 
following 1 day of supplementation that was maintained throughout 

study. 

ACUTE SUPPLEMENTATION PRIOR TO TRAINING SESSION   

Siegler et al 2010 8 males trained in 
intermittent sports 

 

Crossover design 

300 mg/kg sodium 
bicarbonate 60 min 

hours pre-exercise 

Running 

 4 sets of 5 x 24 s 

treadmill sprints on 1 min 
intervals with 1 min rest 
between sets 

 

No 

Increase in buffering capacity did not translate into clear 
performance benefits due to considerable inter-individual 

responses, including negative effects due to gut distress 

Gao et al. 1988 

 

10 male collegiate 

swimmers 

Crossover design 

250 mg/kg sodium 

bicarbonate 1 hour pre-
exercise 

 

Swimming 

 5 × 100 yard swim with 2 
minutes rest (simulation of 
training program) 

Yes 

 

Faster times in fourth and fifth swim  (p < 0.05). Supplementation 

also associated with higher post-race blood lactate concentrations. 

 

CHRONIC SUPPLEMENTATION AS SUPPORT FOR TRAINING OUTCOMES/ADAPTATION  

Edge et al. 2006 

 

16 moderately trained 
females (team sports 

and rowing) 

Parallel group design 

400 mg/kg sodium 
bicarbonate for 8 weeks, 

spread at 90 and 30 
minutes before training 

(3/wk interval training 

with 6–12 reps × 2 
minutes high-intensity + 1 
minute rest) 

Team sport relevance 

Cycling 

 VO2 peak 

 TTE @ 100% pre-training 
VO2 peak 

Yes 

 

Both groups increased VO2 peak, lactate threshold and TTE after 
training. However, bicarbonate group had significantly greater 

improvements in lactate threshold (26 versus 15%) and TTE (164 
versus 123%) than the placebo group. Both groups undertook same 
training load; effect potentially explained as greater adaptation to 

same stimulus when disturbance to cell homeostasis was reduced 
by enhanced buffering. 

LT = lactate threshold, PO = power output, PPO = peak power output, RPE = rating of perceived exertion, TT = time trial, TTE = time to exhaustion, W/kg = watts per kilogram 
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