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† 
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‡
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
 

 
Purpose: To examine the ergogenic potential of creatine (Cr), sodium bicarbonate 

(SB),and Cr+SBafter completion of a resistance exercise bout (REB).Methods: 

Following recruitment,27trained males (26.8±5.7 years old) completed a one 

repetition maximum strength (1RM) test in the parallel squat (120.9±28.2 kg). 

Participants then followed a standardised meal plan for 4 days whilst ingesting one of 

4 supplements, and on day 5 they undertook the REB. This was a double blind 

randomised placebo-controlled study where participants ingested one of the 

following: Placebo (PLA, n=7), Cr (20g/d
-1

& PLA, n=8), SB (0.5 g/kg
-1

/d
-1

&PLA, 

n=6), andCr+SB (5 g/d
-1

of Cr & 0.5 g/kg
-1

/d
-1

 SB, n=6) divided in 4 doses. The REB 

consisted of 4x10 repetitions (70% of 1RM, 1½ min recovery). The primary 

performance outcome was a 5
th
 set (70% of 1RM) performed to volitional 

exhaustion.Blood glucose and lactate, heart rate, ratings of perceived exertion, 

sickness and stomachache scales, and time to complete each set were also 

recorded.Results:Participants in Cr, SB, and Cr+SB completed the required number 

of repetitions at 70% of 1RM however in PLA they completed the same repetitions at 

lower intensity (68+3.4%). Participants in PLA, Cr, SB, and Cr+SB completed 

8(±1.6), 11(±5.5), 9(±3.7), and 11(±3.3) repetitions respectively during the 5
th
 set. 

Despite the fact that no significant differences were observed in performance, small 

(SB: 0.4) and moderate effect (Cr: 0.7; Cr+SB: 1.0) sizes were observed in relation to 

PLA. Body mass increasedsignificantly after Cr (78.1±8.9 kg pre vs 79.1±8.9 kg post, 

p<0.05). No other significant differences existed in recorded variables.Conclusions: 

Performance gains were of higher magnitude in the Cr+SB and Cr groups. Co-

ingestion of a small amount of Cr (5 g/d
-1

) with a standard dose ofSB (0.5 g/kg
-1

/d
-1

) 

appears to be equally beneficial asingestion of a standard dose of Cr (20 g/d
-1

). The 

Cr+SB was not associated with significant gains in body mass which may be 

beneficial in sports where size gains may negate performance. Further research is 

required, with larger sample size, and specific athletic populations in order to confirm 

the findings of the current study. 
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Introduction 

 

Athletes taking part in competitive sports are always seeking ways to 

improve their performance primarily through means of optimising training 

adaptations. Strategies that may enhance training capacity may range from 

sound nutrition practices, use of appropriate sport-specific equipment, adequate 

rest and sleep to use of nutritional supplements or ergogenic aids(Burke, 2007).  

Resistance exercise training involving use of external resistance such as 

free weights is a widely used method employed by athletes as means to 

enhance muscle growth and ultimately strength (Baechle and Earle, 2008, 

Schoenfeld, 2010, Schoenfeld, 2013, Winwood et al., 2011, Andersen and 

Aagaard, 2010, Ahtiainen et al., 2003). In particular, hypertrophy type 

workouts characterised by high training volumes (3-6 sets of 8-12 repetitions), 

short recovery between sets (30-90 sec) and medium intensities (~70% of one 

repetition maximum strength) are considered to be of the most effective 

programmesfor muscle growth gains, whilsttheyarealsoaccompaniedbywith 

high metabolic responses (Schoenfeld, 2010, Schoenfeld, 2013, Cairns, 2006, 

Nicholson et al., 2014). The repeated stimulation of skeletal muscle and 

reliance on glycolysis during these type of workouts results in hydrogen ion 

(H+) accumulation andmetabolicacidosis, which arecontributingfactors to 

fatigue and performance decrements due to interference with the contractile 

processes and impairments in energy production (Kraemer et al., 1998, 

McCaulley et al., 2009, Nicholson et al., 2014). Therefore, any attempts to 

enhance the buffering capacity of both the skeletal muscle and blood will 

ameliorate the deleterious effects of muscle acidosis, and this will potentially 

enhance training capacity through reductions in fatigue levels. Ultimately, 

enhanced training capacity can result in greater gains in muscle growth and 

strength performance since there is a positive relationship between the cross 

sectional area of muscle and strength (Goldberg et al., 1975, Schoenfeld, 2010, 

Moritani and deVries, 1979).  

It is also widely accepted that one of the training adaptation of hypertrophy 

type resistance workouts and other types of high intensity exercise is improved 

buffering capacity when these are routinely performed over a longer training 

period (Sharp et al., 1986, Parkhouse and McKenzie, 1984, Sahlin, 2014, 

Schoenfeld, 2010). Similarly to training, ergogenic aids such as creatine 

monohydrate and sodium bicarbonate may further enhance the buffering 

capacity of skeletal muscle and blood above and beyond training alone. The 

abovementioned intracellular (Creatine) and extracellular buffers (Sodium 

bicarbonate) are widely used ergogenic practices employed by athletes in 

sports relying primarily on glycolysis as the main source of energy production 

(Burke and Pyne, 2007, McNaughton et al., 2008, Douroudos et al., 2006). 

Supplementation with creatine monohydrate results in increased concentration 

of phosphocreatine stores which in turn results in increased re-phosphorylation 

rates of ADP during high intensity exercise and in the process H+ are utilised 

and buffered (Hultman and Sahlin, 1980, Sahlin, 2014). On the other hand, 

bicarbonate loading results in elevations of pH and bicarbonate ions resulting 
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in increased H+ and lactate efflux from working muscle since H+ are 

transported against their concentration gradient (Requena et al., 2005, Sahlin, 

2014). 

A typical creatine loading regime involves daily supplementation with 20 

g of creatine for a period of 5-7 days (main phase) followed by a longer 

supplementation period (maintenance phase) of 2-3 g per day (Sahlin, 2014, 

Hultman et al., 1996). However, one of the disadvantages of the main phase of 

creatine loading is water retention and a subsequent increase in body mass 

(Greenhaff et al., 1994, Sahlin, 2014) which may be detrimental in sports 

where an increase in the power-to-body mass ratio is considered essential for 

successful performance. Therefore, alternative modes of supplementation 

protocols involving ingestion of smaller amounts of creatine may be more 

appropriate in a number of sports and for different training or competition 

conditions.The typical modes of bicarbonate loading involve the 

supplementation of either 0.3 g/kg
-1

of sodium bicarbonate 1-1 ½ h before 

exercise (acute loading) or ingestion of 0.5 g/kg
-1

/d
-1

of sodium bicarbonate 

over a period of 4-5 days (serial loading). One of the advantages of serial over 

acute loading is that gastrointestinal discomfort may be avoided since smaller 

amounts of sodium bicarbonate (e.g. 0.125 g/kg
-1

 x 4 times daily) are given 

over a longer period (Burke and Pyne, 2007) whilst the benefits associated with 

increases in blood pH and bicarbonate ions are similar to acute dosages of 0.3 

g/kg
-1

(McNaughton et al., 1999).  

Despite the abundance of research studies on either creatine or sodium 

bicarbonate there is limited research examining the effectiveness of co-

ingestion of both as ergogenic aids in particular during resistance 

trainingactivities. It has been previously demonstrated that co-ingestion of both 

supplements may be advantageous during high intensity activities(Barber et al., 

2013, Mero et al., 2004) however not all of these studies included a creatine 

and sodium bicarbonate alone conditions whilst the ingestion protocols 

involved either acute ingestion or short serial supplementation period (2 days). 

A more recent study (Griffen et al., 2015) investigated the effects of creatine 

and sodium bicarbonate co-ingestion on mechanical power during high 

intensity exercise however there was no apparent additive effect of combining 

these two supplements together when compared to creatine. This was perhaps 

due to the fact that the sodium bicarbonate dosage (0.3 g/kg
-1

/d
-1

) was lower 

than what would be perceived beneficial when serial loading is adopted or due 

to inadequate washout-period between the creatine containing conditions. No 

studies have tested the hypothesis that by combining a standard dose (0.5 g/kg
-

1
/d

-1
) of sodium bicarbonate with a small amount of creatine (5 g/kg

-1
/d

-1
) may 

further enhance training capacity and performance than a standard creatine 

dosage (20 g/kg
-1

/d
-1

) or standard sodium bicarbonate dosage during and after 

completion of a typical hypertrophy resistance exercise workout. Therefore, 

our main aim was to investigate whether combing these two buffers may be of 

greater benefit than the optimum supplementation protocols for each 

supplement alone. 
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Methodology 
 

Twenty-seven resistance trained male participants aged 26.8 (±5.7) years 

old, were volunteered and met the criteria for participation to this study. All 

participants had engaged in structured resistance training programmes for at 

least 3 months before the commencement of the study, they were technically 

competent in the back squat exercise, and they were free from illness and 

musculoskeletal injuries. Participants were excluded from the study if they 

were vegetarians or veganssince it has been shown that vegetarians have lower 

muscle creatinestores than omnivores (Maccormick et al., 2004, Burke et al., 

2003, Shomrat et al., 2000).Participants refrained from taking any form of 

performance enhancing substances and supplements including creatineand 

sodium bicarbonate for at least 4 weeks before the onset of the study. This was 

to avoid any carryover effects of creatine supplementation in particular since 

its washout periodis approximately 4 weeks (Hultman et al., 1996, Febbraio et 

al., 1995). Subjects were instructed to avoid any form of exercise 24 hours 

before testing and any exercise involving intense lower leg exercises for at 

least 48 hours before testing. Recruitment was through advertisement and a 

detailed information sheet was provided to all participants before they signed 

an informed consent. The study was approved by the Ethics Committee of the 

Carnegie Faculty at Leeds Beckett University whilst all participants completed 

medical and training history questionnaires prior to any testing.  

 

Figure 1. Outline of testing procedures. One repetition maximum strength (1RM). 

 
 

Outline of Experimental Procedures 

 

Following screening and baseline testing, participants were randomly 

assignedto one of four experimental groups[Placebo, (PLA, n=7), Creatine (Cr, 

n=8),Sodium Bicarbonate (SB, n=6), Cr + SB (n=6)]. They then followed a 

standardised diet plan for a period of 4 days whilst taking a specified daily 
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amount of one of the supplements above before they completed an exercise 

testing trial on day 5. No supplements were taken on the day of testing.  An 

overview of the adopted tests and testing procedures is provided in figure 1. 

 

One Repetition Maximum (1RM) Strength Testing and 24 h Dietary Recall 

 

Baseline one repetition maximum strength (1RM) testing took place 

following screening and assessment of the technical competency in the back 

squat exercise by an accredited coach. Prior to 1RM testing, the participants 

also completed a 24 h food recall under the supervision of a dietician along 

with a list of common food, so as to analyse their eating habits and base their 

diet plan on their food preferences.Participants who were deemed to be 

technically competent had their height (Seca, Alpha 770, Germany), body mass 

(Seca, Alpha 888, Germany), blood lactate (BL) and blood glucose 

(BG)concentration (YSI, 2300 Stat Plus, Ohio, USA) measured. The back 

squat was chosen as an exercise which utilises large muscle groups, it consistsa 

key feature of typical strength and conditioning sessions, and it can result in 

high levels of acidosis(Webster et al., 1993, Nicholson et al., 2014). 

Participantscompleted the 1RM tests in the same laboratory using a customized 

power rack withadjusted safety stoppers and at the same time of day after a 4 h 

fasting period. 

Following a 5 min standardised warm-up on a cycle ergometer participants 

had their 1RM measured byusing procedures identical to those described 

previously (Baechle et al., 2000). The participants’ 1RM was measured within 

three to five attempts and approximately 4–5 minutes of rest was permitted 

between attempts. Successfulattempts required participants to descend to the 

pointwhere the tops of the thighs were parallel to the floor andsquat depth was 

visually assessed by the same qualified trainer. Shoulder girth was also 

measured and multiplied by 1.5 to standardise the width of stance which the 

participants would use during squatting.  Tape was used to mark the desired 

foot positioning, and the inside of the heels positioned to the outside of the 

tape. Participants were instructed to squat so that their knee joint flexion 

decreased to 90 degrees at the bottom of the lift.  The qualified trainer was 

positioned to the side of the participant and called ‘parallel’ once the 

participant’s knee was at 90 degrees flexion.  A spotter was provided for every 

back squat completed, to ensure safety whilst lifting. 

 

Diet and Supplementation 

 

Based on the findings of the 24 h dietary recall a qualified dietician 

prepared the 4-day dietary plan which was composed of 55-60% carbohydrate, 

20-25% fat and 15-20% protein. The macronutrient contributions to total 

energy intake was estimated based on recommendations by the American 

Dietetic Association, Dieticians of Canada, and the American College of Sports 

Medicine(Rodriguez et al., 2009)as well as the typical eating practices of the 

participants.  Total energy requirements (TER) were calculated using the 
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Harris-Benedict equation to estimate basal metabolic rate (BMR) (Roza and 

Shizgal, 1984) and a physical activity factor (Alfonzo-González et al., 

2004).The standardised meal was planned according to the participants’ energy 

requirements, in an attempt to ensure that none of the participants consumed 

below or above their daily estimated energy and macronutrient requirements.In 

addition to the standardised meal plan, participants also ingested on a daily 

basis one of the following: 1) PLA (corn flour) 2); Cr (creatine monohydrate, 

MYPROTEIN); 3) SB (Bell’s, Sodium Bicarbonate BP); Cr+SB.The 

supplements were packed into gelatine capsules and each participant received a 

number of capsules relative to their body mass. All capsules were prepared 

under antiseptic conditions in a nutrition laboratory.Since the combined 

condition would result in the highest number of capsules for any participant, 

placebo capsules containing corn flour were used to increase the total number 

of capsules given to the PLA, SB and Cr groups to match the number that 

would be given to the combined group. The daily dosages were: Cr=20g/d
-1

 

plus PLA; SB=0.5 g/kg
-1

/d
-1

of SB plus PLA; Cr+SB=5 g/d
-1

of Cr plus 0.5 g/kg
-

1
/d

-1
 SB; PLA= same number of capsules as the Cr+SB. The daily amount was 

divided in 4 equal doses and placed in separate bags whilst participants were 

instructed to take the first dose in the morning and the remaining ones every 3-

4 h thereafter. 

The supplementation regime involved serial loading for 4 days since this is 

associated with reducedgastrointestinal (GI) discomfort following SB 

supplementation (Sahlin, 2014, Burke and Pyne, 2007), and is considered an 

adequate duration for positive changes in relation to either SB (Sahlin, 2014, 

McNaughton et al., 2008, McNaughton et al., 1999) or Cr (Buford et al., 2007, 

Sahlin, 2014, Hultman et al., 1996) supplementation. Sickness and stomach-

ache levels (Van Montfoort et al., 2004) were recorded every time participants 

took the supplements.  Participants were also advised to take the supplements 

alongside food since this may enhance absorption rates of Cr (Buford et al., 

2007, Steenge et al., 2000, Green et al., 1996), and to drink water up to 500 ml 

in an attempt to minimise levels of GI discomfort every time they took the 

supplements. In order to ensure that participants adhered to the 

supplementation requirements, text messages were sent to themas reminders 

every time they had to take the required dose. For control purposes, a 

standardised meal plan was prescribed to all participants. Higher protein 

intakes are associated with higher Cr concentration (Sahlin, 2014) whilst 

higher carbohydrate intakes with increased muscle glycogen levels (Bergström 

et al., 1967) which is one of the major sources of energy during hypertrophy 

type training (Lambert and Flynn, 2002). Therefore, it was crucial to control 

the dietary intake of participants in an attempt to make meaningful conclusions 

in relation to the ergogenic potential of the supplements under investigation. 

 

Resistance Exercise Bout (REB) 

 

On day 5, following 4 days supplementation with one the supplements 

outlined above, participants completed a REB (4x10 repetitions at 70% of 1RM 
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with 1 ½ min recovery between sets), they then had another 1 ½ min rest after 

the 4
th

 set before they completed a 5
th

 set at 70% of 1RM to exhaustion. Before 

the REB the same standardised warm-up as in 1RM testing was employed. 

Ratings of perceived exertion using the Borg Scale (Borg, 1982) were 

measured at the end of each set. The duration of each set was recorded during 

each set using a stopwatch to allow calculation of the total time-under-tension. 

Heart rate (HR) was also recorded during each set using a radio telemetry 

monitor (Polar vantage NV, Kempele, Finland). In cases where participants 

failed to complete the expected number of repetitions or stood still for over 5 s 

the weight was reduced in subsequent sets to allow for successful completion 

of the required repetitions.  Fingertip blood samples were drawn before the 

warm up, and immediately after completion of the 4
th

 and 5
th

 sets to measure 

BG and BL concentration. Approximately 25 µL of blood was drawn using a 

disposable lancet (Kendall, MonoletMonoject, UK) and collected in a heparin-

lined capillary tube (Sarstedt, Microvette CB 300, Germany). The samples 

were analysed in duplicate using a calibrated YSI 2300 STAT Plus analyser 

(Yellow Springs, USA).  

 

Statistical Analysis 
 

All data were analysed using SPSS (version 20.0, Chicago, IL). In order to 

ensure normality, data were tested for normal distribution using the Shapiro-

Wilk test because the number of subjects was less than 50. Homogeneity of 

variance was tested using Levene’s test. Adjustment was made using the 

Brown-Forsythe test when homogeneity was violated. A one-way repeated 

measures analysis of variance (ANOVA) was employed to examine the effect 

of supplementation on blood related variables, duration of 4 sets, heart rate and 

ratings of perceived exertion. Homogeneity of variance was tested by 

Mauchly’s test of Sphericity. When significant main effects were observed, 

Fisher’s Least Significant Difference (LSD) test with Gabriel adjustment were 

employed to determine where the differences lied. Non-parametric tests 

(Kruskall Wallis) were employed when there was violation of the assumptions 

for use of parametric tests.Comparisons for number of repetitions completedin 

relation to the placebo were also performed using Cohen’s Effect Size (ES) 

with threshold values for small (0.2), medium (0.6), large (1.2), very large (2.0) 

and extremely large (4.0).All data are presented as mean ± SD, statistical 

significance was set at .05. 

 

 

Results 

 

Mean anthropometric characteristics and 1RM for participants in all 

groups are given in Table 1.  Twenty seven participants completed all tests and 

testing procedures (PLA, n=7; Cr, n=8; SB, n=6; and Cr+SB, n=6) 
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Table 1. Mean (±SD) age, height, body mas, and 1RM of participants in each 

group. Abbreviations: PLA=Placebo, Cr=Creatine, SB=Sodium Bicarbonate, 

1RM= One Repetition Maximum Strength 

Variables PLA (n=7) Cr (n=8) SB (n=6) Cr + SB (n=6) 

Age (years) 31.4 (±7.7) 24.00(±1.9) 24.7 (±2.9) 27.3 (±5.8) 

Body Mass (kg) 77.0 (±4.6) 78.1 (±8.9) 76.0 (±7.3) 79.2 (±8.5) 

Height (cm) 174.1 (±7.2) 176.6 (±5.4) 177.8 (±6.9) 175.4 (±6.9) 

1RM (kg) 120 (±22.0) 103.1 (±12.3) 124.2 (±36.0) 142.5 (±31.3) 

 

Creatine supplementation resulted in significant gains in body mass 

following 4 days of supplementation (from 78.1 ± 8.9 kg pre-supplementation 

to 79.1 ± 8.9 kg post-supplementation, p<0.05) (Table 2).  
 

Table 2. Mean difference (±SD) in body mass change from pre- to post-

supplementation period. Abbreviations: PLA=Placebo, Cr=Creatine, 

SB=Sodium Bicarbonate 
Variables PLA (n=7) Cr (n=8) SB (n=6) Cr + SB (n=6) 

Minimum (kg) -1.2 -1.0 -1.0 -1.0 

Maximum (kg) 1.2 2.2 1.1 1.2 

Mean difference (kg) -0.3 (±0.8) 1.1 (±1.0) -0.02 (±0.8) 0.5 (±0.9) 

 

Performance Outcomes 

 

During the 5
th

 set participants managed to complete successfully8 (±1.6), 

11 (± 5.5), 9 (±3.7), and 11 (± 3.3) repetitions inthe PLA, Cr, SB and 

Cr+SBgroups respectively.Despite the fact that no significant differences were 

observed overall (p= 0.379) in relation to the total number of repetitions 

performed during the 5
th

 set, small and moderate effect sizes (ES) were 

observed between the PLA and the remaining experimental groups. In 

particular, a small ES (0.4) was observed in the SB group whilst moderate ES 

were observed for both the creatine (0.7) and combined (1.0) groups. 

Participants in the PLA group completed the required number of repetitions at 

slightly lower intensity of 1RM (68±3.4%) than required however all the 

remaining groups completed the target repetitions at the target intensity. 

The mean time to complete the 4 sets was 121.2 (± 14.3), 120.0 (± 13.3), 

116.2 (± 17.2), 116.4 (± 16.4) seconds forthe PLA, Cr, SB, and Cr+SBgroups 

respectively (Figure 2). The statistical analysis showed a significant time effect 

in the duration of sets (p=0.033) and post-hoc analysis showed that set 4 was 

significantly longer than set 3 in the SB group (p=0.039). Overall, no 

significant differences were observed between groups in relation to the time it 

took participants to complete each set (p=0.632). Despite the fact that no 

significant differences existed between groups the SB and Cr+SB groups 

completed the 4 sets on average faster than the remaining groups. Moreover, 

small ES were observed between SB (-0.3) and Cr+SB (-0.3) in relation to the 

PLA group. 
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Figure 2. Mean time in seconds to complete each set during the experimental 

protocol. Error bars denote standard deviations. Abbreviations: 

PLA=Placebo, Cr=Creatine, SB=Sodium Bicarbonate 

 
 

Ratings of Perceived Exertion and Heart Rate 

 

Ratings of perceived exertion (RPE) during the 4 sets were on average 

15.5 (±1.7), 15.4 (±1.7), 16.0 (±0.9), and 16.2 (± 0.9) for the PLA, Cr, SB, and 

CR+SB groups respectively. Significant differences in RPE were not observed 

during the 4 training sets however a significant main group effect (p=0.002) 

was observed when the 5
th

 set was taken into account (Table 3). Post hoc 

analysis showed that during the 5
th

 set RPE in the PLA group was significantly 

lower than Cr (p=0.014), SB (p=0.025) and Cr+SB (p=0.001). 

 

Table 3. Mean Ratings of Perceived Exertion(±SD)during exercise. 

Abbreviations: PLA=Placebo, Cr=Creatine, SB=Sodium Bicarbonate 
Sets PLA (n=7) Cr (n=8) SB (n=6) Cr + SB (n=6) 

1 14.7 (±1.7) 13.8 (± 1.6) 13.7 (±1.0) 14.3(±1.2) 

2 15.6 (±2.3) 14.6 (± 1.5) 15.8 (±1.0) 16.0 (±0.9) 

3 15.7 (±1.8) 15.9 (± 2.0) 16.8 (±1.0) 16.7 (±1.2) 

4 16.0 (±1.4) 17.3 (± 2.6) 17.8 (±1.2) 17.7 (±0.8) 

5 16.7 (±1.8) 19.0 (± 1.3) 19.0 (± 1.1) 19.8 (±0.5) 

 

Heart rate was similar in all groups with no significant differences 

observed between groups at any stage (Figure 3). 
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Figure 3. Mean heart rate during the exercise testing protocol. Error bars 

denote standard deviations. Abbreviations: PLA=Placebo, Cr=Creatine, 

SB=Sodium Bicarbonate 

 
 

Blood Variables 

 

Average blood glucose concentration including the pre- and post-exercise 

values was 4.6 (±0.6), 4.5 (±0.3), 4.6 (±0.2), and 4.3 (±0.4) mmol
.
L

-1
for the 

PLA, Cr, SB, and CR+SB groups respectively. Significant differences were not 

observed between or within groups at any time point during the exercise testing 

trial (Figure 4).  

Average blood lactate concentration including the pre- and post-exercise values 

was 4.9 (±1.0), 4.3 (±1.0), 5.6 (±1.5), and 4.8 (±0.5) mmol
.
L

-1
for the PLA, Cr, 

SB, and CR+SB groups respectively. Significant differences were not observed 

between groups at any time point during the exercise testing trial however 

significant time effects were observed (p=0.00001) where post-exercise blood 

lactate concentration in all groups were significantly higher than the 

corresponding blood lactate concentration pre-exercise (Figure 5).  
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Figure 4. Blood glucose concentration (mmol
.
L

-1
) during exercise testing. 

Error bars denote standard deviations. Abbreviations: PLA=Placebo, 

Cr=Creatine, SB=Sodium Bicarbonate 

 
 

Average blood lactate concentration including the pre- and post-exercise values 

was 4.9 (±1.0), 4.3 (±1.0), 5.6 (±1.5), and 4.8 (±0.5) mmol
.
L

-1
for the PLA, Cr, 

SB, and CR+SB groups respectively. Significant differences were not observed 

between groups at any time point during the exercise testing trial however 

significant time effects were observed (p=0.00001) where post-exercise blood 

lactate concentration in all groups were significantly higher than the 

corresponding blood lactate concentration pre-exercise (Figure 5).  

 

Figure 5. Blood lactateconcentration (mmol
.
L

-1
) during exercise testing. Error 

bars denote standard deviations. Abbreviations: PLA=Placebo, Cr=Creatine, 

SB=Sodium Bicarbonate 
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Discussion 
 

The primary purpose of this study was to examine whether combined 

supplementation of creatine (Cr)with sodium bicarbonate (SB) would further 

enhance performance and reduce fatigue rates, compared to placebo (PLA), Cr, 

and SB alone. Ourfindings did not confirm the hypothesis that Cr+SB would 

further enhance performance inthe back squat exercise than Cr alone. However, 

participants in the Cr+SBcompleted the same number of repetitions during the 

5
th

 set (main performance outcome) as participants in the Cr group suggesting 

that when smaller amounts of Cr are taken with SB the same ergogenic effect 

may be achieved as when larger amounts of Cr are ingested. In relation to the 

number of repetitions completed during the 5
th

 set significant differences did 

not exist between group however the moderate effects sizes (ES) observed 

between Cr, and Cr+SB in relation to PLA provide support for the 

effectiveness of Cr, and Cr+SB as ergogenic aids during hypertrophy type 

training programmes. SB ingestion was also associated with performance 

benefits in relation to the PLA (ES: 0.4) however they were of smaller 

magnitude compared to the creatine containing groups. Taking also into 

account that in the PLA group, adjustments had to be made in the weight lifted 

during the 4 sets (68±3.4% of 1RM instead of 70% of 1RM), it is highly 

probable that the magnitude of performance gains in the 3 experimental groups 

(Cr, SB, and Cr+SB) would have been greater in relation to the PLA group. 

The hypothesis that Cr supplementation causes water retention (Greenhaff et 

al., 1994, Sahlin, 2014)was confirmed in our study. Participants in the Cr group 

had significant increases in their body mass however under the current 

circumstances this increase was not associated with a negative impact on 

performance. It is likely that the body mass gains would have negatively 

affected performance in sports where an increase in the power-to-body mass 

ratio is essential for success however we did not test this hypothesis. 

Our findings are in agreement with research findings that have supported 

the ergogenic potential of combining Cr+SB when compared to a placebo 

(Barber et al., 2013, Mero et al., 2004, Griffen et al., 2015). The greatest 

attenuation in the decline of peak power in participants in the study by Barber 

et al. (2013) suggests that Cr+SB may be more beneficial than Cr alone 

however others do not support additive performance benefits of Cr+SB when 

compared to creatine(Griffen et al., 2015). In our study, small ES (-0.3) were 

observed between SB and PLA, and Cr+SB and PLA in relation to the time it 

took participants to complete the 4 sets. This trend provides some support for a 

synergistic benefit since the addition of SB seems to allow participants to 

complete the sets in a shorter time. The discrepancy between our study and the 

study by Griffen at al. (2015) may be due to methodological differences and 

more specifically the SB dosage (0.3 g/kg
-1

/d
-1

  vs 0.5 g/kg
-1

/d
-1

) and duration 

of supplementation (7 vs 4 days). Taking also into account the short duration of 

the previous study it is likely that there was a carry-over effect due to 

inadequate washout period between conditions. In our study, co-ingestion of 

small Cr amount (5 g/d
-1

) with an amount of SB (0.5 g/kg
-1

/d
-1

) that is 
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considered optimum (Burke and Pyne, 2007, McNaughton et al., 1999) for 

serial loading, seem to be equally effective as a standard Cr dose (20 g/d
-1

) 

regarding the attenuation of fatigue since participants in the Cr and Cr+SB 

groups performed the required number of repetitions faster than the remaining 

groups.This may be a promising trendhowever more studies are required to 

confirm the findingsdue to the small observed ES and sample size in our study.  

In relation to performance outcomes, there was a clearer trend for 

ergogenic benefits during the 5
th

 set regardless of the buffer or combination of 

buffers (Cr, Sb, and Cr+SB) used.On this performance aspect, we did observe 

similar ES as others  (Griffen et al., 2015) with moderate ES (0.7-1.0) between 

Cr, Cr+SB and PLA, and small ES (0.4) between SB and PLA, which suggests 

that Cr, SB, and Cr+SB may enhance performance to greater extent than a 

placebo. Moreover, the largest ES (1.0) observed in the combined group also 

suggests that the magnitude of performance gains may be greater when 

combining these two buffers. Another of the advantages of the current mode of 

supplementation was that serial loading was not associated with any 

gastrointestinal discomfort providing further support for this mode of ingestion 

as means to enhance performance. 

Ratings of perceived exertion (RPE) were similar between all groups 

during the 4 sets however significantly lower in the PLA group compared to 

the remaining experimental groups during the 5
th

 set. The explanation for this 

difference may be due to the fact that participants in the PLA group performed 

fewer repetitions at a slightly lower intensity (68% of 1RM instead of 70% of 

1RM) during the 5
th

 set since adjustments had to be made in the 4
th

 set to 

enable participants to perform therequired number of sets and repetitions. 

Moreover, a larger standard deviation in the PLA group indicates a larger 

variation in the RPE scores reached by participants in the PLA group during 

the 5
th

 set. Even though participants were expected to be of similar training 

status, the baseline strength data suggests that some of them may have been 

more trained than others. Therefore it is probable that training status varied 

between individuals. It is known that more trained participants are more likely 

to have enhanced buffering capacity as result of training (Sharp et al., 1986, 

Parkhouse and McKenzie, 1984, Sahlin, 2014) however in our study the 

weakest group (Cr) and the strongest group Cr+SB had similar responses 

therefore it is unlikely that this was the case. A number of inclusion and 

exclusion criteria as well as the fact that during the exercise testing protocol the 

intensity that was used was relative to the participants’ 1RM are key control 

mechanisms that were in place as means to overcome such limitations. 

Additionally, the potential enhanced buffering capacity resulting from 

supplementation with Cr and SB more likely enabled participants to work 

harder during the last set, and this was reflected in perceived exertion ratings. 

Overall, the heart rate and blood lactate data suggests that participants in all 

groups physiologically pushed themselves to similar extent during the 4 sets 

and reached similar levels of volitional exhaustion during the 5
th

 set with the 

only exception in RPE during the 5
th

 set. 
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Inour study, participants were randomly assigned to one of four discreet 

groups. With the current sample size, a crossover design would have enabled 

us to make more concrete conclusions in relation to the ergogenic potential of 

combining Cr+SB since participants would have acted as their own controls. 

However, a crossover design with 4 conditions would have created a number of 

other challenges due to the long washout period for creatine which is 

approximately 4 weeks (Hultman et al., 1996, Febbraio et al., 1995). Therefore 

the current experimental approach was the most appropriate under the 

circumstances. A larger sample size would have overcome some of the 

limitations associated with experimental research involving discreet groups 

however the main objective of this pilot study was to explore trends.Particular 

emphasis was placed on putting control mechanisms in place that would 

minimise the impact of confounding variables such as training status or diet.  

The impact of training status was discussed in previous paragraphs. Strict 

dietary controls and carefully chosen inclusion/exclusion criteria were put in 

place in an attempt to reduce the chances of heterogeneity between groups.For 

example, participants with low initial creatine stores such as vegans or 

vegetarians (Maccormick et al., 2004, Burke et al., 2003, Shomrat et al., 2000) 

are more likely to respond positively when supplemented with creatine 

(responders)compared to individuals with high baseline creatine stores (non-

responders)(Cooper et al., 2012).Energy and macronutrient intakes were also 

carefully monitored and controlled since an increase in the carbohydrate intake 

in particular would have enhanced muscle creatine uptake (Steenge et al., 

1998). In our study, all participants received the same relative macronutrient 

intake and daily energy intake according to recommendations (Rodriguez et al., 

2009, Roza and Shizgal, 1984, Alfonzo-González et al., 2004) and this was 

also supported by our blood glucose data which was similar in all groups. 

In conclusion, our study provides additional support for the ergogenic 

potential of Cr+SB during hypertrophy type resistance training since 

performance benefits were of similar magnitude to a standard Cr group, whilst 

the addition of SB seems to be associated with completion of the repetitions in 

a shorter time. One of the advantages of our current dosage protocol is that 

smaller amount of Cr (5 g/d
-1

) co-ingested with SB (0.5 g/kg
-1

/d
-1

) could be 

equally effective as larger amount ofCr (20g/d
-1

) without a concomitant 

increase in body mass. This can be particularly beneficial in sports where and 

increase in the power-to-body mass ratio is essential for successful 

performance. In addition, our study also confirmed that serial ingestion of 

relatively large amounts of SB does not result in gastrointestinal discomfort 

therefore can be part of the ergogenic aids portfolio of athletes in high intensity 

sports.Further research with larger sample size is necessary to confirm the 

findings of the current study. 
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