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These analyses exclude studies with low methodological quality (i.e., studies that did not meet
60% quality based on risk of bias (Supplementary material 1; Tables 1 and 2) or were non-
randomised.

1. The effect of prolonged exercise in hot vs. temperate conditions on RER, carbohydrate
oxidation and glycogen use

Greater RER values were found in hot conditions vs. temperate conditions (SMD: 0.35, 95%
CI 0.14 to 0.56, P = 0.001; Z = 3.22, small effect, Figure 1). In hot conditions, carbohydrate
oxidation (SMD: 0.33, 95% CI 0.08 to 0.55, P = 0.009; Z = 2.59, small effect, Figure 2) and
glycogen use (SMD = 1.10, 95% CI 0.43 to 1.76; large effect; P = 0.001; Z = 3.21; Figure 3)
were higher.

Study Weight SMD [95% CI]

Dolny et al, 1988 52% 0.55 [-0.19;1.29] ———°—
Snow et al, 1993 5.0% -0.32 [-1.08;0.44] —a

Nielsen et al, 1994 (runners) 5.2% -0.07 [-0.81;0.67] —-|——

Nielsen et al, 1994 (cyclists) 42% 0.00 [-0.88;0.88] ——
Febbraio et al, 1994 (A) 58% 1.04 [0.37;1.72] —
Febbraio et al, 1994 (B) 6.1% 0.80 [0.15;1.45] —'-—
Galloway et al, 1997 5.6% 0.00 [-0.69;0.69] —
Cheuvront et al, 2001 56% 0.00 [-0.69;0.69] —

Marino et al, 2001 46% 1.07 [0.25;1.88] —
Nybo et al, 2001 46% 0.67 [-0.15;1.49] T
Jentjens et al, 2002 51% 0.80 [0.05;1.55] — .
Hayashi et al, 2006 (35°C) 72% 0.26 [-0.29;0.82] —
Hayashi et al, 2006 (45°C) 6.7% 0.62 [0.02;1.21] —l—
Shorten et al, 2009 6.4% 0.00 [-0.62;0.62] —i——

Foster et al, 2023 6.0% 0.00 [-0.65;0.65] —‘-—
Schoerberlein et al, 2023 5.7% -0.44 [-1.13;0.24] —
Mora-Rodriguez et al, 2024 49% 0.89 [0.12;1.66] ——a
Rosbrook et al, 2024 59% 0.54 [-0.12;1.21] T
Overall 100.0% 0.35 [0.14; 0.56] B2
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Figure 1. Comparison of the effects of prolonged exercise in Hot vs. Temperate (Temp) conditions on the
Respiratory Exchange Ratio (RER). Forest plot shows standardised mean differences with 95% confidence
intervals. Squares represent the standardised mean difference for each study. The diamond represents the pooled
standardised mean difference for all studies. SMD standardised mean difference, CI confidence interval.



Study Weight SMD [95% CI]

Febbraio et al, 1994 (A) 51% 049 [-0.29;1.28] =
Febbraio et al, 1994 (B) 57% 1.17 [0.46; 1.88] P ——
Galloway et al, 1997 56% -040 [-1.12;0.32] —

Nybo et al, 2001 51% 0.74 [-0.04; 1.53] s
Cheuvront et al, 2001 57% -0.25 [-0.96;0.45] *—*fA

Jentjens et al, 2002 54% 077 [0.02;1.51] =
Hayashi et al, 2006 (35°C) 7.0% 0.33 [-0.23;0.89] T
Hayashi et al, 2006 (45°C) 6.6% 068 [0.07;1.28] —
Shorten et al, 2009 6.1% -0.50 [-1.16;0.16] —
Fernandez-Elias et al, 2015 3.6% 1.35 [0.33;2.38] . E—
Hoffman et al, 2018 (30°C) 6.3% 0.22 [-0.40;0.85] ——
Hoffman et al, 2018 (35°C) 6.1% 0.44 [-0.21;1.09] T
Maunder et al, 2020 8.2% -0.04 [-0.48;0.40] —a

Foster et al, 2023 6.1% -0.07 [-0.72; 0.59] — .
Schoerberlein et al, 2023 6.0% -0.21 [-0.87; 0.45] —
Mora-Rodriguez et al, 2024 55% 0.67 [-0.05;1.40] T
Rosbrook et al, 2024 59% 0.61 [-0.07;1.28] T
Overall 100.0% 0.31 [0.08; 0.55] -

Heterogeneity: /* = 52.9%, t* = 0.13, 1>, = 33.96 (p = 0.0055) ' ' ' '
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Figure 2. Comparison of the effects of prolonged exercise in Hot vs. Temperate (Temp) conditions on
carbohydrate oxidation. Forest plot shows standardised mean differences with 95% confidence intervals. Squares
represent the standardised mean difference for each study. The diamond represents the pooled standardised mean
difference for all studies. SMD standardised mean difference, CI confidence interval.

Study Weight SMD [95% CI]

Febbraio et al, 1994A 251% 0.49 [-0.09; 1.06] —~——

Febbraio et al, 1994B 241% 0.73 [0.09; 1.36] =

Jentjens et al, 2002 12.5% 2.81 [1.36; 4.26] P —
Fernandez-Elias et al, 2015 16.0% 1.70 [0.54;2.85] ——
Mora-Rodriguez et al, 2024  22.3% 0.78 [0.04; 1.53] =

Overall 100.0% 1.10 [0.43;1.76] ‘-

Heterogeneity: /° = 62.7%, t* = 0.38, 4 = 10.73 (p = 0.0298) ' ‘ ' !
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Figure 3. Comparison of the effects of prolonged exercise in Hot vs. Temperate (Temp) conditions on glycogen
use. Forest plot shows standardised mean differences with 95% confidence intervals. Squares represent the
standardised mean difference for each study. The diamond represents the pooled standardised mean difference for
all studies. SMD standardised mean difference, CI confidence interval.



2. The effect of prolonged exercise in hydrated vs. dehydrated status on RER,
carbohydrate oxidation and glycogen use.

A greater RER was found in a dehydrated state (SMD 0.24, 95% CI 0.06 to 0.42; P=0.008; Z
= 2.67; small effect; Figure 4). However, the effect was only observed in hot (SMD: 0.30, 95%
CI0.05to 0.55; P=0.008; Z = 2.34; small effect) and not in temperate conditions (SMD: 0.15,
95% CI-0.15 to 0.47; P =0.359; Z = 0.92; trivial effect).

Greater carbohydrate oxidation was observed in a dehydrated vs. hydrated status (SMD: 0.26
(95% CI 0.06 to 0.56; small effect; P = 0.013; Z = 2.49; Figure 5). However, the effect was
only observed in hot (SMD 0.32; 95% CI 0.09 to 0.56; small effect; P =0.008; Z =2.67; small
effect) and not in temperate conditions (SMD 0.54; 95% CI -0.85 to 1.92; P =0.446; Z =0.76).

Only one study reported muscle glycogen use in dehydrated condition, consequently, no meta-
analysis was performed.

Article Weight SMD [95% Cl]

Condition = Temperate 5

Fallowfield et al, 1996 5.6% 0.55 [-0.19;1.29] ——

Gonzalez-Alonso et al, 1997 (Temperate) 6.5% 0.00 [-0.69;0.69] ——

Merry et al, 2010 (Untrained) 49% 0.00 [-0.80;0.80] —

Merry et al, 2010 (Trained) 49% 0.00 [-0.80;0.80] ——

Campa et al, 2020 8.0% 0.18 [-0.45;0.80] —‘:

Overall 29.8% 0.15 [-0.17;0.47] :

Heterogeneity: I° = 0%, <> = 0, x> = 1.57 (p = 0.8144) i

Condition = Hot :

Walsh et al, 1994 4.8% -0.08 [-0.88;0.73] —&——

Gonzalez-Alonso et al, 1995 5.6% 0.14 [-0.60; 0.89] ——

Gonzalez-Alonso et al, 1997 (Hot) 3.0% 1.32 [0.31;2.33] —_—

Casa et al, 2000 (intravenous) 5.0% 0.78 [-0.01;1.57]

Casa et al, 2000 (oral) 5.0% 0.78 [-0.01; 1.57]

Ebert et al, 2007 6.2% -0.29 [-1.00;0.42] :

Del Coso et al, 2008 45% 0.71 [-0.12; 1.54] T+

Gagnon et al, 2012 12.7% 0.21 [-0.29; 0.70] —

Kelly et al, 2012 7.8% -0.27 [-0.90; 0.36]

James et al, 2017 5.7% 0.00 [-0.74;0.74] ——

Funnell et al, 2019 (Blinded) 5.0% 0.53 [-0.26; 1.32]

Funnell et al, 2019 (Unblinded) 49% 0.56 [-0.24; 1.35]

Overall 70.2% 0.30 [0.05; 0.55] >

Heterogeneity: /° = 30.8%, t* = 0.05, %%, = 15.9 (p = 0.1449) i

Overall 100.0% 0.24 [0.06; 0.42] &

Heterogeneity: /° = 10.5%, t* < 0.01, 32, = 17.88 (p = 0.3307) f ' f '

Test for subgroup differences: xf =0.51,df =1 (p = 0.4758) -2 -1 0 1 2
Favours Hydration Favours Dehydration

Figure 4. Comparison of the effects of prolonged exercise in hydrated vs. dehydrated status on the Respiratory
Exchange Ratio. The upper part shows the studies performed in hot conditions (> 28°C); The lower part shows
studies performed in temperate conditions. Forest plot shows standardised mean differences with 95% confidence
intervals. Squares represent the standardised mean difference for each study. The diamond represents the pooled
standardised mean difference for all studies. SMD standardised mean difference, CI confidence interval, df
degrees of freedom.



Article Weight SMD [95% CI]

Condition = Temperate

Fallowfield et al, 1996 56% 0.55 [-0.19;1.29]

Gonzalez-Alonso et al, 1997 (Temperate) 6.5% 0.00 [-0.69;0.69] ——
Merry et al, 2010 (Untrained) 49% 0.00 [-0.80;0.80] —
Merry et al, 2010 (Trained) 49% 0.00 [-0.80; 0.80]

Campa et al, 2020 8.0% 0.18 [-0.45;0.80] i
Overall 29.8% 0.15 [-0.17;0.47] 1

Heterogeneity: /1 = 0%, ©* = 0, 3> = 1.57 (p = 0.8144)

Condition = Hot

Walsh et al, 1994 4.8% -0.08 [-0.88;0.73] ———

Gonzalez-Alonso et al, 1995 5.6% 0.14 [-0.60; 0.89] ——

Gonzalez-Alonso et al, 1997 (Hot) 3.0% 1.32 [0.31;2.33] —_——

Casa et al, 2000 (intravenous) 5.0% 0.78 [-0.01;1.57]

Casa et al, 2000 (oral) 5.0% 0.78 [-0.01;1.57]

Ebert et al, 2007 6.2% -0.29 [-1.00;0.42]

Del Coso et al, 2008 45% 0.71 [-0.12; 1.54] :

Gagnon et al, 2012 12.7% 0.21 [-0.29; 0.70] —

Kelly et al, 2012 7.8% -0.27 [-0.90; 0.36]

James et al, 2017 5.7% 0.00 [-0.74;0.74] —i—

Funnell et al, 2019 (Blinded) 5.0% 0.53 [-0.26; 1.32]

Funnell et al, 2019 (Unblinded) 49% 0.56 [-0.24;1.35]

Overall 70.2% 0.30 [0.05; 0.55] >

Heterogeneity: /° = 30.8%, t* = 0.05, %2, = 15.9 (p = 0.1449)

Overall 100.0% 0.24 [0.06; 0.42] *

Heterogeneity: /° = 10.5%, t* < 0.01, 32, = 17.88 (p = 0.3307) [ T T !
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Figure 5. Comparison of the effects of prolonged exercise in hydrated vs. dehydrated status on carbohydrate
oxidation. The upper part shows the studies performed in hot conditions (> 28°C); The lower part shows studies
performed in temperate conditions. Forest plot shows standardised mean differences with 95% confidence
intervals. Squares represent the standardised mean difference for each study. The diamond represents the pooled
standardised mean difference for all studies. SMD standardised mean difference, CI confidence interval, df
degrees of freedom.



