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Synergistic effects of creatine,
carbs, protein on repeated sprint
performance

Yufan Wang?, HuiDi Wei?, Xiaodong Cheng? & Zhuo Chen*>**

Nutritional supplementation, particularly creatine monohydrate, enhances strength and power output
during high-intensity exercise. The synergistic effects of co-ingesting creatine, carbohydrates, and
protein on repeated anaerobic efforts require clarification. This study evaluated the effects of combined
creatine, carbohydrates, and protein supplementation on performance during consecutive Wingate
Anaerobic Tests (WANT). Sixty male participants (age 21+ 2.8 years) were randomized into four groups:
creatine alone (CR), creatine with carbohydrates (CRCHO), creatine with carbohydrates and protein
(CRCPS), or placebo (PLA). Participants completed three consecutive 30-s WANTs separated by 6-min
recovery intervals at baseline and two days following a four-day supplementation protocol. Measured
variables included absolute and relative mean power (AMP, RMP), peak power (APP, RPP), and blood
lactate. Post-supplementation body mass increased in CR, CRCHO, and CRCPS groups (p <0.05).
CRCHO and CRCPS groups demonstrated higher AMP and RMP (increase of 5-10%) compared to
baseline (p<0.01). CR exhibited increased AMP across all three trials. PLA showed performance
decrements in AMP during the second and third trials (p <0.01). All supplementation groups improved
APP and RPP across trials (p <0.01). PLA improved APP and RPP only during the third trial. CRCPS
yielded the highest post-exercise blood lactate concentrations. Combined supplementation may
mitigate fatigue and enhance mean power output more effectively than placebo. These findings guide
athletes in optimizing acute loading strategies for repeated high-intensity efforts.
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High-intensity, short-duration exercise imposes significant demands on the adenosine triphosphate-
phosphocreatine (ATP-PCr) energy system' ™. Rapid depletion of intramuscular phosphocreatine stores serves
as a primary limiting factor for sustaining maximal power output during consecutive anaerobic bouts>>~".
Strategies to augment phosphocreatine availability and accelerate resynthesis rates are essential for delaying
fatigue®~!2. Therefore, identifying optimal nutritional interventions to maximize muscle creatine retention and
fuel availability is critical for enhancing repeated anaerobic performance.

Creatine monohydrate acts as a primary ergogenic aid for improving anaerobic power and phosphocreatine
availability!>!. The transport of creatine into skeletal muscle operates through insulin-dependent pathways'>.
Carbohydrate ingestion stimulates insulin secretion and facilitates this uptake process!®!”. However, maximizing
creatine retention often requires substantial carbohydrate intake!*!8. High glycaemic loads may induce
gastrointestinal distress or undesirable body mass gain.

Protein and amino acids function as insulinotropic agents and may enhance creatine retention efficiency®.
Substituting a portion of carbohydrates with protein maintains insulin stimulation while providing substrates
for muscle recovery?®-22. The synergistic effect of creatine, carbohydrates, and protein on consecutive high-
intensity efforts remains underexplored®. The Wingate Anaerobic Test accurately reflects ATP-PCr system
capacity and fatigue resistance during repeated bouts?*~2°. Evaluating this combined supplementation strategy
via consecutive Wingate protocols is essential for optimizing anaerobic performance guidelines!®?’.

To address this research gap, the present study evaluated the synergistic effects of combined creatine,
carbohydrates, and protein supplementation on repeated sprint performance. A randomized, double-blind,
placebo-controlled design was utilized. Sixty physically active males were assigned to one of four groups: creatine
alone, creatine with carbohydrates, creatine with carbohydrates and protein, or a placebo group. Participants
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performed three consecutive 30-s Wingate Anaerobic Tests separated by 6-min recovery intervals at baseline
and following four days of supplementation. This design isolates the specific additive influence of protein under
conditions of high cumulative metabolic demand. It was hypothesized that combined ingestion would elicit
superior improvements in mean power output compared to creatine alone or creatine plus carbohydrates.

Methods

Participants

Sixty healthy, physically active male university students with no formal association to sports majors were
recruited (age 21+2.8 years; body mass 80.5+4.66 kg; height 1.81+0.09 m). Recruitment was conducted via
advertisements and email communications. Exclusion criteria included current use of nutritional supplements,
habitual high caffeine intake, history of metabolic disorders, and musculoskeletal injuries. All participants
provided written informed consent, and the study protocol was approved by the Ethics Committee of Xi'an
Medical University in accordance with the 1964 Helsinki Declaration.

Exercise protocol

A standard Wingate-based regimen was used to assess short-term anaerobic performance. Each participant
completed three consecutive 30-second anaerobic Wingate tests (AWT), with 6-minute active recovery intervals
between each trial. Testing was conducted on a Monark cycle ergometer?® secured to the floor to prevent
unintended movement. A belt was placed around the waist to restrict participants from leaving the saddle. Each
sprint was preceded by a 5-minute warm-up at 60 revolutions per minute against a 0.5 kg load. The primary
workload was calculated at 0.075 kg per kilogram of body mass?®. Verbal encouragement was provided to sustain
maximal effort. Peak power (highest power measured per second of the 30 s) and mean power (average output
over the 30 s) were recorded for each trial, expressed in both absolute (W) and relative (W/kg) terms. The
fatigue index was not calculated. This metric relies on minimum power values. Minimum power is frequently
susceptible to mechanical artifacts or cessation of effort during the final moments of the test. Mean power reflects
total work performed over the entire duration. It provides a more robust assessment of anaerobic capacity and
fatigue resistance for this specific protocol.

Supplementation protocol

Supplements were sourced from ALL STARS (Germany)®. The creatine monohydrate was certified for > 99.9%
purity via HPLC analysis. The protein supplement was a banana-sundae-flavored whey protein hydrolysate. The
carbohydrate source was an orange-flavored powdered mix comprising corn starch (46%), glucose (40.5%), and
maltose (5%). The study implemented a double-blind, randomized, placebo-controlled design with a four-day
rapid loading protocol. Participants consumed four divided doses daily at four-hour intervals. The CRCHO
group ingested a total daily dosage of 0.3 g/kg creatine monohydrate and 1.0 g/kg glucose®’. Each individual
serving comprised 0.075 g/kg creatine and 0.25 g/kg glucose dissolved in 500 mL of water. The CRCPS group
ingested a total daily dosage of 0.3 g/kg creatine, 0.8 g/kg glucose, and 0.2 g/kg whey protein isolate. Each serving
contained 0.075 g/kg creatine, 0.2 g/kg glucose, and 0.05 g/kg protein in 500 mL of water?!. Notably, the CRCHO
and CRCPS conditions were isoenergetic (~ 4 kcal/g for both substrates) to isolate the physiological effects of
protein co-ingestion from energy availability.

The CR group followed the same creatine schedule but ingested it in 500 mL of a xylitol solution. The PLA
group received 500 mL of xylitol solution without bioactive ingredients. Xylitol was selected to mimic the
sweetness and texture of the experimental solutions while minimizing insulinotropic effects. To ensure double-
blinding, all solutions were prepared in opaque, coded bottles by an independent researcher not involved in data
collection. A non-caloric lemon flavoring agent was added to all solutions to mask sensory differences between
creatine, protein, and placebo. Compliance was monitored via a daily bottle-return policy and self-reported
dietary logs.

Experimental procedure

The study spanned two weeks. During the first week, baseline familiarization and testing were conducted.
Familiarization involved multiple brief (6-s) cycle sprints. This duration was selected to habituate participants
to the inertial load and starting mechanics while minimizing residual neuromuscular fatigue prior to baseline
assessment. Baseline measurements were performed immediately following familiarization, using the described
Wingate protocol (three 30 s sprints with 6-minute recoveries)*2. After completing the baseline tests,
participants began the four-day supplementation phase according to their assigned group. Two days after the
final supplementation dose, the same Wingate protocol was repeated under comparable laboratory conditions*.
To minimize circadian variation, all testing sessions were conducted between 09:00 and 11:00. Participants were
instructed to abstain from caffeine, alcohol, and strenuous exercise for 24 h prior to each visit. A standardized
meal was consumed two hours before testing to ensure consistent metabolic states. Blood lactate levels were
measured at rest (LR), immediately after each sprint (L1-L3), and 5 min after the final sprint (LF) using a
portable analyzer (Lactate Scout 4, EKF Diagnostics, Germany™.

Statistical analysis

Sample size estimation was performed using G*Power software (version 3.1.9.7). The calculation utilized an
F-test for ANOVA: Repeated measures, within-between interaction. The effect size was set at f=0.25, representing
a medium effect size according to Cohen’s statistical conventions. Input parameters included an alpha error
probability (a) of 0.05, a statistical power (1-f) of 0.80, number of groups =4, number of measurements=2, a
correlation among repeated measures of 0.5, and a nonsphericity correction (¢) of 1. This analysis indicated a
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minimum total sample size of 48 participants. The study recruited 60 participants, ensuring sufficient statistical
power.

A 4 (Group: CR, CRCHO, CRCPS, PLA) x 2 (Time: Baseline, Post-supplementation) repeated-measures
analysis of variance (ANOVA) was calculated separately for each AWT with comparisons made between the
baseline and post-supplementation time points. At each time point, three AWTs (AWT1, AWT2, AWT3) were
analyzed individually, resulting in separate statistical evaluations for each sprint. Significant main or interaction
effects were further examined by simple main effects for pairwise comparisons. The threshold for statistical
significance was set at a=0.05 for all analyses. Effect sizes for main and interaction effects were estimated using
partial eta squared (7). Interpretation benchmarks were defined as small (12=0.01), medium (12=0.06), and
large (17=0.14) effects, in accordance with standard statistical guidelines.

Results

Body mass

There was a significant interaction between time point and supplementation status (F=5.67, p<0.01, partial n*
= 0.23). Post-hoc comparisons (Fig. 1) indicated that body mass in the CR, CRCHO, and CRCPS was higher at
post-supplementation compared to baseline (p=0.026 for CR; p<0.01 for CRCHO and CRCPS). No significant
change was observed in PLA.

Mean power

Significant group x time interaction effects were observed for each all-out sprint (AWT1: F=27.03, p<0.01,
partial n> = 0.59; AWT2: F=42.26, p<0.01, partial n*> = 0.69; AWT3: F=39.80, p<0.01, partial n*> = 0.68).
Post-hoc comparisons revealed that the CRCHO and CRCPS groups exhibited significantly higher absolute
mean power (AMP) at post-loading compared to baseline (p <0.01). Additionally, the CR group demonstrated
increased AMP in AWT1 (p<0.01), AWT2 (p<0.05), and AWT3 (p<0.05). In contrast, the PLA showed a
significant reduction in AMP during AWT2 and AWT3 (p<0.01)(Fig. 2).

Analyses of the three all-out sprints revealed significant group X time interaction effects on relative mean
power (RMP) (AWT1: F=19.61, p<0.01, partial n* = 0.51; AWT2: F=48.88, p<0.01, partial n> = 0.72; AWT3:
F=31.19, p<0.01, partial n> = 0.66). As can be seen in the Fig. 3, the CRCHO and CRCPS demonstrated higher
RMP at post-loading than at baseline for all three sprints (p<0.01), whereas CR exhibited increases only in
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Fig. 1. Changes in body mass across time points (baseline vs. post-loading) for four experimental groups.

“*” indicates significantly higher body mass compared to the baseline within the same group (p <0.01). “#”
indicates a significant increase compared to the baseline within the same group (p <0.05).
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Fig. 2. Changes in AMP across AWTs (baseline vs. post-loading) for four experimental groups. “*” indicates

a significant difference in AMP at post-loading compared to baseline within the same group (p <0.01), “#”
represents p <0.05. Circle size represents the magnitude of AMP in watts (W).

AWT1 and AWTS3 (p<0.01). The PLA showed lower RMP in AWT2 and AWT3 at post-loading (p <0.01). In
addition, CRCHO and CRCPS produced higher RMP values than PLA in AWT?2 at the post-loading time point
(p<0.01).

Peak power

Significant group x time interaction effects were observed for both absolute peak power (APP) and relative
peak power (RPP) across all three sprints (Table 1; Figs. 4 and 5). Post-hoc analyses revealed that all three
supplementation groups (CR, CRCHO, CRCPS) demonstrated significant increases in APP and RPP at post-
loading compared to baseline for all three sprints (p <0.01). Additionally, the PLA group exhibited a significant
increase in APP and RPP at AWT3 (p<0.01).

Blood lactate

Significant group x time interaction effects were observed for blood lactate levels across the two time points and
three sprints (Fig. 6; Table 2). In L1, all groups exhibited significantly higher blood lactate levels at post-loading
compared to baseline (p<0.01). In L2 and L3, the supplementation groups (CR, CRCHO, CRCPS) showed
significantly higher post-loading blood lactate levels than baseline (p<0.01). Additionally, the CRCPS group
demonstrated significantly higher blood lactate levels in L2 and L3 at post-loading compared to the PLA at post-
loading (p <0.05).

Discussion

The primary finding is that co-ingesting creatine, carbohydrates, and protein enhances mean power output
during repeated anaerobic efforts. Both CRCHO and CRCPS groups improved absolute mean power compared to
baseline, whereas the placebo group exhibited performance decrements. Although direct statistical comparisons
between supplementation groups did not reveal significance, the data pattern suggests an additive benefit of
protein co-ingestion, aligning with research on multi-ingredient loading strategies®.

Mechanistically, these improvements necessitate distinguishing between creatine retention and metabolic
utilization. The observed increase in body mass across supplementation groups indicates successful creatine
retention via insulin-mediated transport®>~3°. However, storage alone does not guarantee performance
enhancement. The concurrent rise in mean power output confirms that this stored phosphocreatine was actively
utilized to buffer ATP depletion and accelerate resynthesis rates during consecutive sprints**-4*. The co-ingestion
of protein and carbohydrates likely optimized this process. Protein amplifies the insulinotropic response
triggered by carbohydrates, maximizing creatine uptake efficiency beyond what creatine or carbohydrates alone

can achieve®*,
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Fig. 3. Changes RMP across AWTs (baseline vs. post-loading) for four experimental groups. “*” indicates a
significant difference within the same group between baseline and post-loading for the corresponding AWT
(p<0.01). “A” indicates a significant difference compared to the PLA (p <0.01). Circle size represents the
magnitude of RMP in watts per kilogram (W/kg).

Variable | AWT | F P partial n*
APP AWT1 | 9.03 | <0.01 | 0.33
APP AWT 2 | 15.35 | <0.01 | 0.45
APP AWT 3 | 20.07 | <0.01 | 0.52
RPP AWT1 | 357 0.02 | 0.16
RPP AWT?2 | 9.63 | <0.01 | 0.35
RPP AWT 3 | 13.68 | <0.01 | 0.42

Table 1. Peak power levels: repeated measures ANOVA across time points (pre- and post-supplementation)
for AWT1, AWT2, and AWT3. Note. APP = Absolute Peak Power; RPP = Relative Peak Power;
AWT = Anaerobic Wingate Test.

Regarding metabolic responses, the CRCPS group exhibited the highest post-exercise blood lactate
concentrations. This underscores a distinct physiological mechanism compared to the CR group. Creatine alone
primarily taxes the ATP-PCr system. In contrast, the addition of carbohydrates and protein provides exogenous
substrates that stimulate glycolytic flux*>-*8. The higher lactate levels in the CRCPS group likely reflect this
upregulated glycolysis combined with greater total work performed. While previous research suggested multi-
nutrient ingestion might attenuate metabolic stress?®, the present data indicate that this strategy allows athletes
to tap into both phospholytic and glycolytic energy reserves more deeply than mono-supplementation.

From a practical perspective, these findings suggest that athletes engaged in sports requiring repeated
power bursts may benefit from an acute, four-day co-ingestion loading strategy. Combining creatine at 0.3 g/kg
with carbohydrates and protein appears to mitigate the fatigue-induced power decline typically observed over
consecutive efforts. Collectively, these nutrients may contribute to a more favorable environment for energy
turnover and recovery during high-intensity exercise***°->2, However, several limitations warrant consideration.
The primary limitation is the modest sample size. Future studies with larger cohorts and direct inter-group
comparisons are required to confirm whether CRCPS provides a genuine synergistic advantage. Additionally, the
lack of strict dietary monitoring and the short duration of the intervention represent constraints that should be
addressed in future investigations. Despite these limitations, the data provide preliminary evidence supporting
tailored supplementation protocols for high-intensity training.
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Fig. 4. APP across AWTs (baseline and post-loading) for four experimental groups. “*” indicates a significant
difference within the same group between baseline and post-loading for the corresponding AWT (p<0.01).
Circle size represents the magnitude of APP in watts (W).
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Fig. 5. RPP across AWTs (baseline and post-loading) for four experimental groups. “*” indicates a significant
difference within the same group between baseline and post-loading for the corresponding AWT (p<0.01).
Circle size represents the magnitude of RPP in watts per kilogram (W/kg).
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Fig. 6. blood lactate levels across time points and AWTs (baseline and post-loading) for four experimental
groups. “*” indicates a significant difference within the same group between baseline and post-loading for the
corresponding time point (p <0.01). “a” indicates a significant increase in the CRCPS group compared to the
PLA group at post-loading for the corresponding time point (p <0.05). Circle size represents the magnitude of

blood lactate levels in mmol/L.

Time | F P partial n*
L1 7.11 | <0.01 | 0.28
L2 52.73 | <0.01 | 0.74
L3 53.17 | <0.01 | 0.74
LF 7.05 | <0.01 | 0.27

Table 2. Blood Lactate Levels: Repeated Measures ANOVA Across Time Points (Pre- and Post-
Supplementation) for AWT1, AWT2, and AWT3. Note. L1 =blood lactate immediately after sprint 1;
L2 =immediately after sprint 2; L3 =immediately after sprint 3; LF =5 min after the final sprint.

Conclusion

This randomized, placebo-controlled study examined the short-term effects of creatine alone or combined
with carbohydrates and protein on anaerobic performance. The main findings indicate that both CRCHO and
CRCPS improved mean power versus baseline. No difference was detected between the two combinations.
Additionally, the CRCPS group exhibited the highest increases in blood lactate levels post-exercise, suggesting
an enhanced glycolytic response. Results suggest that combining creatine with carbohydrates and protein may
enhance anaerobic capacity and muscular performance compared to creatine alone. Further research should
examine long-term effects, diverse populations, and biochemical markers of adaptation to better define practical
supplementation guidelines.

Data availability

All relevant data in this study can be obtained from the first author on reasonable request.
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