
Supplementary Material
Supplementary Table S1. Literature search strategy.
	Database
	Literature Search Strategy

	PubMed
(n = 382)
	#1 ("beta-alanine"[Title/Abstract] OR "β-alanine"[Title/Abstract] OR "beta alanine"[Title/Abstract] OR carnosine[Title/Abstract])
#2 (exercise[Title/Abstract] OR sport*[Title/Abstract] OR athlete*[Title/Abstract] OR player*[Title/Abstract] OR training[Title/Abstract] OR soccer[Title/Abstract] OR football[Title/Abstract] OR basketball[Title/Abstract] OR rugby[Title/Abstract] OR hockey[Title/Abstract] OR handball[Title/Abstract] OR volleyball[Title/Abstract] OR futsal[Title/Abstract] OR tennis[Title/Abstract] OR "water polo"[Title/Abstract])
#3 (performance[Title/Abstract] OR capacity[Title/Abstract] OR ability[Title/Abstract] OR "exercise performance"[Title/Abstract] OR "physical performance"[Title/Abstract] OR "athletic performance"[Title/Abstract] OR "sprint performance"[Title/Abstract] OR "repeated sprint"[Title/Abstract] OR "time to exhaustion"[Title/Abstract] OR fatigue[Title/Abstract] OR intermittent[Title/Abstract])
#4 #1 AND #2 AND #3

	Web of Science
(n = 700)
	#1 TS=("beta-alanine" OR "beta alanine" OR "β-alanine" OR carnosine)
#2 TS=(exercise OR sport* OR athlete* OR player* OR training OR soccer OR football OR basketball OR rugby OR hockey OR handball OR volleyball OR futsal OR tennis OR "water polo")
#3 TS=(performance OR capacity OR ability OR "exercise performance" OR "physical performance" OR "athletic performance" OR "sprint performance" OR "repeated sprint" OR "time to exhaustion" OR fatigue OR intermittent)
#4 #1 AND #2 AND #3

	Cochrane Library
(n = 218)
	#1 ("beta-alanine" OR "beta alanine" OR "β-alanine" OR carnosine):ti,ab,kw
#2 (exercise OR sport* OR athlete* OR player* OR training OR soccer OR football OR basketball OR rugby OR hockey OR handball OR volleyball OR futsal OR tennis OR "water polo"):ti,ab,kw
#3 (performance OR capacity OR ability OR "exercise performance" OR "physical performance" OR "athletic performance" OR "sprint performance" OR "repeated sprint" OR "time to exhaustion" OR fatigue OR intermittent):ti,ab,kw
#4 #1 AND #2 AND #3

	Scopus
(n = 575)
	#1 TITLE-ABS-KEY("beta-alanine" OR "beta alanine" OR "β-alanine" OR carnosine)
#2 TITLE-ABS-KEY(exercise OR sport* OR athlete* OR player* OR training OR soccer OR football OR basketball OR rugby OR hockey OR handball OR volleyball OR futsal OR tennis OR "water polo")
#3 TITLE-ABS-KEY(performance OR capacity OR ability OR "exercise performance" OR "physical performance" OR "athletic performance" OR "sprint performance" OR "repeated sprint" OR "time to exhaustion" OR fatigue OR intermittent)
#4 #1 AND #2 AND #3

	Embase
(n = 483)
	#1 ('beta alanine'/exp OR 'beta-alanine':ti,ab,kw OR 'beta alanine':ti,ab,kw OR 'β-alanine':ti,ab,kw OR carnosine:ti,ab,kw)
#2 (exercise:ti,ab,kw OR sport*:ti,ab,kw OR athlete*:ti,ab,kw OR player*:ti,ab,kw OR training:ti,ab,kw OR soccer:ti,ab,kw OR football:ti,ab,kw OR basketball:ti,ab,kw OR rugby:ti,ab,kw OR hockey:ti,ab,kw OR handball:ti,ab,kw OR volleyball:ti,ab,kw OR futsal:ti,ab,kw OR tennis:ti,ab,kw OR 'water polo':ti,ab,kw)
#3 (performance:ti,ab,kw OR capacity:ti,ab,kw OR ability:ti,ab,kw OR 'exercise performance':ti,ab,kw OR 'physical performance':ti,ab,kw OR 'athletic performance':ti,ab,kw OR 'sprint performance':ti,ab,kw OR 'repeated sprint':ti,ab,kw OR 'time to exhaustion':ti,ab,kw OR fatigue:ti,ab,kw OR intermittent:ti,ab,kw)
#4 #1 AND #2 AND #3


Note. Search strategies were adapted to the syntax of each database. n indicates the number of records retrieved before duplicate removal.
All databases were last searched on May 30, 2026.



Supplementary Table S2. Classification of included HIIE performance outcomes.
	Study
	Outcome
	Task type
	Outcome classification
	Selected for one-outcome-per-study analysis

	Brisola et al. [7]
	Total distance covered
	Simulated match performance
	Direct performance measure
	Yes

	Brisola et al. [7]
	Total number of sprints (speed ≥1.6 m/s)
	Simulated match performance
	Derived indicator
	No

	Brisola et al. [7]
	Zone 4 distance (speed ≥1.8 m/s)
	Simulated match performance
	Derived indicator
	No

	Brisola et al. [7]
	Zone 4 time (speed ≥1.8 m/s)
	Simulated match performance
	Derived indicator
	No

	Ribeiro et al. [42]
	RAST total sprint time
	Repeated-sprint performance
	Direct performance measure
	Yes

	Gholami et al. [41]
	Yo-Yo test distance
	Intermittent endurance
	Direct performance measure
	Yes

	Hamzekolaee et al. [46]
	Yo-Yo-derived aerobic power
	Intermittent endurance
	Derived indicator
	Yes

	Hoffman et al. [47]
	Line drill sprint 1 time
	Repeated-sprint performance
	Direct performance measure
	Yes

	Hoffman et al. [47]
	Line drill sprint 2 time
	Repeated-sprint performance
	Direct performance measure
	No

	Hoffman et al. [47]
	Line drill sprint 3 time
	Repeated-sprint performance
	Direct performance measure
	No

	Rosas et al. [43]
	RAST mean sprint time
	Repeated-sprint performance
	Direct performance measure
	Yes

	Rosas et al. [43]
	20 m multistage shuttle run performance
	Intermittent endurance
	Direct performance measure
	No

	Ducker et al. [44]
	Total sprint time across three sets
	Repeated-sprint performance
	Direct performance measure
	Yes

	Milioni et al. [6]
	RSAT total time
	Repeated-sprint performance
	Direct performance measure
	Yes

	Milioni et al. [6]
	Yo-Yo IR1 distance
	Intermittent endurance
	Direct performance measure
	No

	Miraftabi et al. [8]
	FIET distance
	Intermittent endurance
	Direct performance measure
	Yes

	Claus et al. [45]
	RSA total time
	Repeated-sprint performance
	Direct performance measure
	Yes

	Smith et al. [37]
	Intermittent running test total distance
	Repeated-sprint performance
	Direct performance measure
	Yes

	Turcu et al. [52]
	RAST average power
	Repeated-sprint performance
	Derived indicator
	Yes

	Saunders et al. [17]
	Yo-Yo IR2 distance
	Intermittent endurance
	Direct performance measure
	Yes

	Saunders et al. [38]
	LIST sprint time, elite players
	Simulated match performance
	Direct performance measure
	Yes (combined)

	Saunders et al. [38]
	LIST sprint time, non-elite players
	Simulated match performance
	Direct performance measure
	


Note. Direct performance measures were observed task outputs or simple summaries of repeated trials, whereas derived indicators were calculated or threshold-based variables obtained from primary measurements. Blood lactate was treated as a secondary physiological outcome and was not classified as a performance measure. HIIE, high-intensity intermittent exercise; FIET, Futsal Intermittent Endurance Test; LIST, Loughborough Intermittent Shuttle Test; RAST, Running-based Anaerobic Sprint Test; RSA, repeated sprint ability; RSAT, repeated sprint ability test; Yo-Yo IR1/IR2, Yo-Yo Intermittent Recovery Test levels 1/2. For the one-outcome-per-study sensitivity analysis, the study-defined primary outcome was prioritized; otherwise, the outcome most closely aligned with the study objective was selected. For Saunders et al. [38], elite and non-elite strata were combined as one representative outcome.
Supplementary Table S3. GRADE evidence certainty assessment.
	Outcome
	Evidence base
	Study limitations
(risk of bias)
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Overall certainty
	Main reason for downgrade

	High-intensity intermittent exercise performance
	14 studies;
22 effect sizes
	Serious
(-1)ᵃ
	Not seriousᵇ
	Not seriousᶜ
	Serious
(-1)ᵈ
	Not detectedᵉ
	⊕⊕⊖⊖
Low
	Downgraded one level each for risk of bias and imprecision.

	Post-exercise blood lactate response
	8 studies;
24 effect sizes
	Serious
(-1)ᶠ
	Serious (-1)ᵍ
	Not seriousᶜ
	Serious
(-1)ʰ
	Not detectedⁱ
	⊕⊖⊖⊖
Very low
	Downgraded one level each for risk of bias, inconsistency and imprecision.


Notes: Evidence certainty was assessed using the GRADE approach. Randomized controlled trials started as high-certainty evidence.
ᵃ Exercise performance was downgraded one level for risk of bias because 8 of 14 studies were judged as having some concerns (n = 6) or high risk of bias (n = 2), mainly because of insufficient reporting of randomization procedures and missing outcome data.
ᵇ Exercise performance was not downgraded for inconsistency because statistical heterogeneity was approximately zero (I²total ≈ 0%; Q-test P = 0.620) and the direction of the pooled effect was stable across sensitivity analyses. However, the small evidence base limits the power of heterogeneity tests, and near-zero statistical heterogeneity does not imply clinical equivalence among exercise protocols.
ᶜ Neither outcome was downgraded for indirectness. Performance evidence directly addressed experimental HIIE performance. For blood lactate, seven of the eight studies assessed post-HIIE lactate; the only protocol-indirect study contributed one of 24 effect sizes, and excluding it yielded a similar pooled estimate.
ᵈ Exercise performance was downgraded one level for imprecision because the total sample comprised only 268 participants, individual studies were generally small, and the 95% CI (0.09 to 0.58) encompassed effects ranging from trivial to moderate, leaving uncertainty about the true magnitude of benefit.
ᵉ Exercise performance was not downgraded for publication bias because no clear signal was detected (study-level Egger test P = 0.151). However, the limited number of studies reduced test power, and publication bias could not be excluded.
ᶠ Blood lactate was downgraded one level for risk of bias because 6 of 8 contributing studies had some concerns (n = 4) or high risk of bias (n = 2), mainly related to randomization procedures and missing outcome data.
ᵍ Blood lactate was downgraded one level for inconsistency because heterogeneity was moderate (I²total = 33.73%) and exercise protocols and sampling time points varied across studies.
ʰ Blood lactate was downgraded one level for imprecision because only 8 studies contributed data, the 95% CI (−0.51 to 0.21) crossed the line of no effect and included both lower and higher values, and the 95% PI was wide (−1.00 to 0.70).
ⁱ Blood lactate was not downgraded for publication bias because no clear signal was detected (study-level Egger test P = 0.986). However, power was very limited and publication bias could not be excluded.
GRADE symbols: ⊕⊕⊕⊕, high; ⊕⊕⊕⊖, moderate; ⊕⊕⊖⊖, low; ⊕⊖⊖⊖, very low.
Supplementary Table S4. Completed PRISMA 2020 checklist.
	Section and Topic 
	Item #
	Checklist item 
	Location where item is reported 

	TITLE: Effects of β-Alanine Supplementation on High-Intensity Intermittent Exercise Performance and Post-Exercise Blood Lactate Responses in Team-Sport Athletes: A Systematic Review and Three-Level Meta-Analysis
	

	Title 
	1
	Identify the report as a systematic review.
	1

	ABSTRACT 
	

	Abstract 
	2
	See the PRISMA 2020 for Abstracts checklist.
	1-2

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of existing knowledge.
	2-5

	Objectives 
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	5

	METHODS 
	

	Eligibility criteria 
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	6

	Information sources 
	6
	Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.
	5

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	5; Additional file 1

	Selection process
	8
	Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
	6-7

	Data collection process 
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.
	7-8

	Data items 
	10a
	List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
	6-8

	
	10b
	List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.
	7

	Study risk of bias assessment
	11
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
	8

	Effect measures 
	12
	Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.
	8-10

	Synthesis methods
	13a
	Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
	6-8

	
	13b
	Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.
	7-8

	
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	10-20, 35-36

	
	13d
	Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
	8-10

	
	13e
	Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
	10-11, 16-19

	
	13f
	Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
	11

	Reporting bias assessment
	14
	Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
	11

	Certainty assessment
	15
	Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
	8

	RESULTS 
	

	Study selection 
	16a
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	11-12

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	11-12

	Study characteristics 
	17
	Cite each included study and present its characteristics.
	12-13, 35-36

	Risk of bias in studies 
	18
	Present assessments of risk of bias for each included study.
	13-14

	Results of individual studies 
	19
	For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
	15-18, 35-36

	Results of syntheses
	20a
	For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
	12-15

	
	20b
	Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
	15-20

	
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	16-19

	
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	15, 17, 20

	Reporting biases
	21
	Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
	19; Fig. S1

	Certainty of evidence 
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	14-15; Table S3

	DISCUSSION 
	

	Discussion 
	23a
	Provide a general interpretation of the results in the context of other evidence.
	21-25

	
	23b
	Discuss any limitations of the evidence included in the review.
	25-26

	
	23c
	Discuss any limitations of the review processes used.
	25-26

	
	23d
	Discuss implications of the results for practice, policy, and future research.
	25-27

	OTHER INFORMATION
	

	Registration and protocol
	24a
	Provide registration information for the review, including register name and registration number, or state that the review was not registered.
	2, 5

	
	24b
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	5

	
	24c
	Describe and explain any amendments to information provided at registration or in the protocol.
	Not applicable

	Support
	25
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	29-30

	Competing interests
	26
	Declare any competing interests of review authors.
	29

	Availability of data, code and other materials
	27
	Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
	29; Additional file 1
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Supplementary Figure S1. Study-level aggregated funnel plots for publication-bias assessment.
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Note. A, high-intensity intermittent exercise performance; B, post-exercise blood lactate response. Effect sizes were aggregated at the study level before Egger regression tests.
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