Supplementary Materials
Acute Effects of Inspiratory Muscle Warm-Up on Exercise Performance in Competitive Athletes: A Systematic Review and Meta-Analysis

Supplementary Material S1: Search Strategy and Data Extraction
S1.1 Complete Search Strings
Web of Science (Clarivate)
TS=((inspiratory OR respiratory OR breathing) AND (warm-up OR "warm up" OR warmup* OR priming)) AND TS=(perform* OR athlet* OR sport* OR exercis* OR run OR running OR row OR rowing OR swim* OR cycl* OR skat* OR badminton OR "time trial*" OR exhaustion)
PubMed (MEDLINE)
((inspiratory[Title/Abstract] OR respiratory[Title/Abstract] OR breathing[Title/Abstract]) AND (warm-up[Title/Abstract] OR "warm up"[Title/Abstract] OR warmup*[Title/Abstract] OR priming[Title/Abstract])) AND (performance[Title/Abstract] OR athlete*[Title/Abstract] OR sport*[Title/Abstract] OR exercise*[Title/Abstract] OR run[Title/Abstract] OR running[Title/Abstract] OR row[Title/Abstract] OR rowing[Title/Abstract] OR swim*[Title/Abstract] OR cycl*[Title/Abstract] OR skat*[Title/Abstract] OR badminton[Title/Abstract] OR "time trial"[Title/Abstract] OR "time trials"[Title/Abstract] OR exhaustion[Title/Abstract] OR dyspnea[Title/Abstract] OR oxygenation[Title/Abstract])
Ovid Embase
((inspiratory or respiratory or breathing) and (warmup$ or "warm up" or priming)).ti,ab.
Scopus (Elsevier)
TITLE-ABS-KEY((inspiratory OR respiratory OR breathing) AND ("warm-up" OR "warm up" OR warmup* OR priming)) AND TITLE-ABS-KEY(perform* OR athlet* OR sport* OR exercis* OR run OR running OR row OR rowing OR swim* OR cycl* OR skat* OR badminton OR "time trial*" OR exhaustion)
Google Scholar
"inspiratory muscle warm-up" OR "respiratory muscle warm-up" OR "inspiratory warm up" OR "respiratory warm up"
S1.2 Search Summary
	Database
	Records

	Web of Science (Clarivate)
	801

	PubMed (MEDLINE)
	396

	Ovid Embase
	737

	Scopus (Elsevier)
	1,120

	Google Scholar
	586

	Total
	3,640


S1.3 Risk of Bias Assessment Details
Risk of bias was independently assessed by two reviewers using the revised Cochrane Risk of Bias 2 (RoB 2) tool. Crossover trials were evaluated with the crossover-specific module, and parallel-group trials with the standard module. RoB 2 judgments were made across five domains:
D1: Randomization process
D2: Deviations from intended interventions
D3: Missing outcome data
D4: Outcome measurement
D5: Selection of the reported result
Overall risk-of-bias judgments were classified as low risk, some concerns, or high risk. Discrepancies were resolved through discussion and, when necessary, consultation with a third reviewer.
S1.4 Data Extraction Form
The complete data extraction form with effect-size calculations for all included studies is provided as a separate file: raw_data_extraction.csv (available in the Data and Code repository).
Supplementary Material S2: Statistical Analysis and Sensitivity Analyses
S2.1 Effect Size Calculation Formulas
Within-subject standard deviation (crossover trials):
SD_within = sqrt(SD_IMW^2 + SD_control^2 - 2 * r * SD_IMW * SD_control)
where r is the assumed within-subject correlation.
Hedges' correction factor:
J = 1 - 3 / (4 * df - 1), where df = N - 1
Variance of Hedges' g:
Var(g) = (2 * (1 - r) / N) + g^2 / (2 * N)
S2.2 Primary Meta-Analysis Results Across r Values
	Parameter
	r_0.3
	r_0.5
	r_0.7

	Pooled Hedges' g
	0.273
	0.285
	0.307

	95% CI
	[0.129, 0.418]
	[0.124, 0.446]
	[0.121, 0.493]

	t value (df=10)
	4.21
	3.95
	3.68

	P value
	0.002
	0.003
	0.004

	Q statistic (df=10)
	4.01
	6.29
	12.15

	P (heterogeneity)
	0.947
	0.790
	0.275

	I2
	0.0%
	0.0%
	17.7%

	tau2
	0
	0
	<0.0001

	Prediction interval
	[0.045, 0.502]
	[0.082, 0.488]
	[0.138, 0.476]


Interpretation: The pooled effect is statistically significant across all three r assumptions. The point estimate is modestly sensitive to r (range 0.27-0.31), while heterogeneity remains low to moderate.
S2.3 DerSimonian-Laird Sensitivity
	r
	Pooled_g
	CI_95
	Z
	P

	0.3
	0.273
	[0.073, 0.474]
	2.66
	0.008

	0.5
	0.285
	[0.107, 0.463]
	3.13
	0.002

	0.7
	0.307
	[0.149, 0.479]
	3.74
	<0.001


S2.4 Subgroup Analyses (REML + HK, r = 0.5)
Sport Type
	Subgroup
	k
	g
	CI_95
	P
	I2
	tau2

	Intermittent / non-endurance
	6
	0.418
	[0.150, 0.685]
	0.010
	0.0%
	0

	Endurance
	5
	0.142
	[0.002, 0.282]
	0.048
	0.0%
	0

	Between-group difference
	—
	—
	—
	—
	Q = 5.67
	P = 0.017


Control Condition
	Subgroup
	k
	g
	CI_95
	P
	I2
	tau2

	Sham IMW (15% MIP)
	9
	0.342
	[0.162, 0.522]
	0.002
	0.0%
	0

	Standard warm-up only
	2
	0.055
	[0.007, 0.104]
	0.044
	0.0%
	0

	Between-group difference
	—
	—
	—
	—
	Q = 13.47
	P < 0.001


S2.5 Publication Bias (r = 0.5)
	Test
	Statistic
	P_value
	Interpretation

	Egger's linear regression
	t = 1.00, df = 9
	0.345
	No significant asymmetry

	Trim-and-fill
	0 studies added
	—
	No adjustment needed


S2.6 Study-Level Effect Sizes Across r Values
	Study
	g_r03
	SE_r03
	g_r05
	SE_r05
	g_r07
	SE_r07
	Sport_Type
	Control

	Yilmaz et al. (2025)
	0.258
	0.332
	0.304
	0.284
	0.392
	0.228
	Intermittent
	Sham

	Richard et al. (2019)
	0.046
	0.419
	0.054
	0.354
	0.069
	0.274
	Endurance
	Sham

	Volianitis et al. (2001)
	0.044
	0.316
	0.052
	0.267
	0.067
	0.207
	Endurance
	Standard

	Johnson et al. (2014)
	0.051
	0.374
	0.060
	0.317
	0.077
	0.246
	Endurance
	Standard

	Koizumi & Ohya (2024)
	0.159
	0.376
	0.188
	0.319
	0.243
	0.251
	Endurance
	Sham

	Barnes & Ludge (2021)
	0.243
	0.290
	0.284
	0.247
	0.356
	0.198
	Endurance
	Sham

	Tong & Fu (2006)
	0.442
	0.387
	0.520
	0.337
	0.663
	0.286
	Intermittent
	Sham

	Lin et al. (2007)
	0.811
	0.416
	0.959
	0.382
	1.237
	0.370
	Intermittent
	Sham

	Wilson et al. (2014)
	0.406
	0.269
	0.406
	0.269
	0.406
	0.269
	Intermittent
	Sham

	Cheng et al. (2013)
	0.068
	0.375
	0.080
	0.317
	0.104
	0.246
	Intermittent
	Sham

	Lomax et al. (2011)
	0.447
	0.303
	0.447
	0.303
	0.447
	0.303
	Intermittent
	Sham


Notes:
- Wilson 2014 and Lomax 2011 are r-independent
- Cheng 2013 values computed directly from raw Table 3 data for all three r assumptions
- Direction convention: Positive g = IMW improves performance
Supplementary Material S3: Leave-One-Out Sensitivity Analysis
S3.1 Methods
Leave-one-out sensitivity analysis was performed to examine whether any single study exerted a disproportionate influence on the pooled effect estimate. Each of the 11 athlete studies was excluded in turn, and the meta-analysis was re-run with the remaining 10 studies using the primary model (REML + Hartung-Knapp).
S3.2 Results: r = 0.5 (Primary)
	Study_Excluded
	k
	Pooled_g
	CI_95
	P_value
	I2

	None (full model)
	11
	0.285
	[0.124, 0.446]
	0.003
	0.0%

	Yilmaz et al. (2025)
	10
	0.283
	[0.095, 0.471]
	0.003
	0.0%

	Richard et al. (2019)
	10
	0.301
	[0.117, 0.486]
	0.001
	0.0%

	Volianitis et al. (2001)
	10
	0.316
	[0.126, 0.505]
	0.001
	0.0%

	Johnson et al. (2014)
	10
	0.305
	[0.119, 0.491]
	0.001
	0.0%

	Koizumi & Ohya (2024)
	10
	0.294
	[0.108, 0.480]
	0.002
	0.0%

	Barnes & Ludge (2021)
	10
	0.285
	[0.094, 0.477]
	0.004
	0.0%

	Tong & Fu (2006)
	10
	0.267
	[0.082, 0.452]
	0.005
	0.0%

	Lin et al. (2007)
	10
	0.245
	[0.061, 0.428]
	0.009
	0.0%

	Wilson et al. (2014)
	10
	0.270
	[0.080, 0.459]
	0.005
	0.0%

	Cheng et al. (2013)
	10
	0.304
	[0.117, 0.490]
	0.001
	0.0%

	Lomax et al. (2011)
	10
	0.269
	[0.082, 0.456]
	0.005
	0.0%


S3.3 Interpretation
No single study qualitatively altered the direction or statistical significance of the pooled effect across any r assumption, but the pooled estimate was attenuated most clearly when Lin et al. (2007) was excluded.
Most influential studies (by absolute change in pooled g when excluded):
- r = 0.5: Lin et al. (2007) (Delta g = -0.040) and Tong & Fu (2006) (Delta g = -0.018)
- r = 0.3: Lin et al. (2007) (Delta g = -0.034) and Tong & Fu (2006) (Delta g = -0.012)
- r = 0.7: Lin et al. (2007) (Delta g = -0.041) and Tong & Fu (2006) (Delta g = -0.027)
For the primary r = 0.5 model, excluding Lin et al. (2007) reduced the pooled effect from g = 0.285 (95% CI: 0.124 to 0.446, P = 0.003) to g = 0.245 (95% CI: 0.061 to 0.428, P = 0.009), with I2 remaining 0.0%.

S3.4 Intermittent Subgroup Leave-One-Out Analysis Excluding Lin et al. (2007)
Because the reviewer specifically raised the possibility that the intermittent/non-endurance subgroup estimate was influenced by Lin et al. (2007), we performed an additional sensitivity analysis within this subgroup. The analysis showed that the subgroup estimate was attenuated after excluding Lin et al. but remained statistically significant under the primary r = 0.5 assumption.
	r
	Comparison
	k
	Pooled g
	95% CI
	P value
	I2
	tau2

	0.3
	Intermittent subgroup
	6
	0.392
	[0.171, 0.614]
	0.006
	0.0%
	0.000

	0.3
	Intermittent subgroup excluding Lin et al. (2007)
	5
	0.342
	[0.157, 0.526]
	0.007
	0.0%
	0.000

	0.5
	Intermittent subgroup
	6
	0.418
	[0.150, 0.685]
	0.010
	0.0%
	0.000

	0.5
	Intermittent subgroup excluding Lin et al. (2007)
	5
	0.351
	[0.152, 0.551]
	0.008
	0.0%
	0.000

	0.7
	Intermittent subgroup
	6
	0.473
	[0.119, 0.826]
	0.018
	0.3%
	0.017

	0.7
	Intermittent subgroup excluding Lin et al. (2007)
	5
	0.383
	[0.136, 0.630]
	0.013
	0.0%
	0.000


Note: Values were generated from TableS4_Intermittent_Subgroup_Without_Lin_By_r.csv. Positive Hedges' g values favor IMW over the comparator condition.
