Experimental Control S$td. Mean Difference S$td. Mean Difference Risk of Bias
Study or Subgroup Mean S0 Total Mean S50 Total Weight IV, Random, 95% Cl IV, Random, 95% CI DEFGHI
Acker-Hewitt et al. 2012 [47] 438 41 10 -447 45 10 0.7% 0.08 [0.79,0.97] —— 7090000
Alghannam 2011 [48] 1649  3.25 7 11 28 B 0.3% 167 [0.28, 32.07] 700000
Ali et al. 2007 [49] 25 013 16 -2.83 013 16 1.0% 0.22 [0.47,0.97] —— 992000
Anastasiou et al 2004 i [50] BT.2 210 -G9.4 110 07% 0.83 [0.10,1.75] — 7090000
Anastasiou et al. 2004 ii [50] _B2.6 17 10  -GO.4 310 0.7% 0.31 [-0.57, 1.20] —— 092000
Anastasiou et al. 2004 iii [50] _BG.7 210 -G9.4 210 06% 1.01 [0.07, 1.96] — 7092000
Angus et al 2000 [51] 16 7 8 178 11 2 0.5% 123043 2.33] — 090000
Bailey etal. 2000 [52] 188 44 g 166 28 9 0.6% 0.57 [-0.28, 1.562] — Ea 2 1 B3
Bailey et al. 2000 i [52] 180 44 e 165 40 3 0.6% 0.34 [0.59,1.27] — Ea ey 1 2o
Baldassarre etal. 2021 [53] 168 91.06 2 10231 57 47 2 0.5% 0.83 [0.21, 1.86] S B 700000
Baur et al. 2014 | [54] _50.4 2.2 8 -529 a7 g 0.5% 0.78 [-0.25, 1.80] — 7090000
Baur et al. 2014 ii [54] _51 1 2.4 2 -529 a7 2 0.6% 0.55 [-0.46, 1.55] —— 7990000
Baur et al. 2014 iii [54] 57 37 8 -529 a7 2 06% 0.23 [0.75,1.21] —— 7090000
Below et al. 1995 [55] 1023 079 8 -10.492 0.4 2 0.5% 0.77 [0.26, 1.80] +— 720008
Bishop et al. 2001 [56] 58 21 e 77 24 9 0.6% 0.89 [-0.09, 1.87] — 90008
Burgess etal. 1991 [57] 9639 1 3506 9 7459 B0 9 0.6% 048 F0.74,1.11] —— 900008
Byrne et al. 2005 [58] 146 52 14 134 52 14  0.9% 0.22 [0.52, 0.87] —+— 900008
Camphell et al. 2008 [59] St 24 16  -17.8 26 16 1.0% 019 [0.50, 0.84] —— 900008
Carter et al. 2003 | [60] 1456  31.09 71734 203 7 05% 0,70 [-0.39, 1.79] ¥ EEL bl 1 B3
Carter at al. 2002 ii [50] E0E  26.65 g 50.8 21.91 2 0.6% 0.38 [-0.61,1.27] —— Ea a1 B3
Carter et al. 2005 i [61] 162 61.76 7 128 20.88 2 0.6% 0.49 [0.51, 1.48] —_— 2720080
Carter et al. 2005 ii [51] 1451 3422 s 128 30.88 2 06% 0.44 [0.56, 1.47] — 272008®
Clark et al. 2000 [62] 59 4 7 59 4 7 0.5% 0.00 [-1.05, 1.05] —— r@0000
Clarke etal. 2011 [63] 72.1 5 12 57.1 5 12 0.4% 200 [1.70 4.10] — 920000
Cole et al. 1993 | [F4] 19092 165 10  18G.4 036 10 0.7% 0.23 F0.65, 1.11] —— 700000
Cole et al. 1993 ii [G4] 19048 1536 10  186.4 036 10 0.7% 0.22 [0.66, 1.10] —— 120004
Cole et al. 1993 i [F4] 19032 1506 10  18G.4 036 10 0.7% 0.21 [0.67, 1.08] —— 920000
Cole et al. 2018 [B4] 07 o0M 14 178 03 14 03% 206 [2.62, 5.30] 00000
Coletta et al. 2013 i [56] 87 12 12 83 12 12 08% 0.08 [-0.72, 0.88] —— *+2 000+
Coletta et al. 2013 ii [66] -84 15 12 8.3 12 12 0.8% -0.07 [-0.87, 0.73] s ++ 000+
Curetan et al. 2007 [B7] 190 % 16 178 116 1.0% 0.35 [0.25, 1.08] ~+— 7090000
Currell et al. 2008 i [58] 254 g g 231 e g 0.3% 256[1.14,2.97] r@0000
Currell et al. 2008 ii [G2] 275 10 e 231 e 2 0.2% 437 [2.37 6.37] 200008
Davis et al. 2000 [69] 11.2 510 s a5 45 2 06% 0.49 [0.51, 1.40] —— 090000
Deshraw et al. 2004 [70] 6257 B3 9 G273 5,58 9 0.7% 0.02 [-0.90, 0.95] —— 092000
Duhamel et al. 2007 [71] 137 271 14§ 115 232 15  0.9% 0.85 (010, 1.60] — 700008
El-Saved et al. 1995 [72] 550 053 e 5132 0.95 9 0.6% 0.57 [0.28, 1.57] e 090000
El-Saved et al. 1997 [73] 415 3 f 41 3 2 0.6% 016 [0.82,1.14] —— @200
Finger etal. 2018 [74] 12703 1308 13 12754 120 13 0.9% 0.04 [0.73,0.81] — ++ 900+
Fulca et al. 2007 i [75] 101 24 9 116 24 5 B 05% 0.58 [-0.48 1.64] o L Bl B
Fulco et al. 2007 ii [75] 95 24 9 107 204 6 05% 0.43 [0.62,1.48] o @+rx2@x
Funnell etal. 2017 i [76] 207 006 1R 209 noe 16 1.0% 0,28 [-0.97, 0.47] — 7092000
Funnell et al. 2017 ii [76] 204 009 1R 2 05 0oog 16 1.0% 023092, 0.47] — 090000
Ganio etal. 2010 [77] 275 9 14 205 52 14  0.9% 0.42 [0.23 1.17] T Ea 2 1 B3
Glace etal 2019 [78] 555 139 10 -5.98 185 10 07% 0.28 [-0.60, 1.16] —— bl 1 B3
Glace etal 2019 i [78] 683 139 10 -7.51 165 10  07% 0.38 [-0.51, 1.26] T— L bl 1 B3
Glace et al. 2019 iii [7£] 122 158 10 73 7910 0.7% 0.38 [-0.51, 1.26] -— Ea 2 1 B3
Glace etal. 2019 iv 78] 186 1010 18.8 117 10  07% _0.02 [0.89, 0.86] o bl 1 B3
Goedecke etal. 2013 [79] 281 267 22 204 188 22 1.3% 0.39 [0.21, 0.94] — 7090000
Gui et al. 2017 [20] 1205 88 11 1346 118 11 07% 0.47 [0.28, 1.37] e @200
Heesch etal. 2014 i [21] 477 1.4708 2 -1813 1.470782 2 0.6% 0.28 [0.71, 1.26] —— 920000
Heesch et al. 2014 ii [81] 47.85 16408 8 -1813 1.470787 2 06% 047 F0.81,1.15] —— 00000
Heesch et al. 2014 iii [81] 76 1.7536 8 -1813 1.470782 2 0.6% 0.31 [0.68, 1.30] —— 120004
Hulstan & Jeukendrup 2008 [82] 4545 338 10 -474 411 10 07% 0.50 [0.40, 1.34] o 7092000
Hulstan & Jeukendrup 2009 [83] 5963 287 10 -G5.04 556 10 06% 1.35 [0.36, 2.34] — 7090000
lvy et al. 1983 [B4] 299 310 268.3 373 10 0E% 0.86 [-0.07,1.78] — 70000%®
Jarvis etal. 1999 [24] 4317 B33 10 4257 727 10 07% 0.08 [0.79, 0.96] —— 7092000
Jeukendrup et al. 1997 [26] 5874 227 19 -B015 283 19 11% 0.54 011, 1.14] — 100000
Kang et al. 1995 [27] 180 60.8 7 154 45 7 0.5% 061 [-0.47, 1.69] - 092000
Kang et al. 1995 (28] 187 476 7 164 423 7 0.5% 0.48 [0.59, 1.55] —— 992000
Khanna & Manna 2005 [29] a41 177 10 2.9 104 10  05% 210 [0.96, 3.24] — L 1111 B3
King et al. 2018 i [390] 206 110 187 4310 0.7% 0.43 [0.46, 1.37] —— @200
King et al. 2018 ii [30] 195 A6 10 187 4310 0.7% 019 [0.69,1.07] —— 092000
King et al. 2018 iii [30] 275 45 10 187 4310 0.7% 0.83 010, 1.75] — 090000
King et al. 2018 iv [90] 213 43 10 187 43 10 0.7% 0.58 [0.32, 1.48] e @200
King et al. 2018 i [31] 219 17 11 186 7 11 07% 0.92 [0.02 1.81] —— 7092000
King et al. 2013 ii [31] 278 711 186 711 07% 108048, 2.00] — 7090000
King et al. 2014 iii [31] 212 a8 11 186 711 07% 0.58 [0.27, 1.44] +— @200
Kingwell et al. 1989 [32] 6.1 41 e 33.8 3.2 9 0.6% 0.53 [0.42, 1.47] e 7092000
Learsi etal 2019 [93] 185 0.9 g 2072 7.4 9 0E% 0.80 [-0.09,1.87] — L bl 1 B3
Learsi etal. 2019 ii [93] 187 0.4 g -21.2 1.4 9 0.4% 2.31 [1.08, 3.57] = Eaad 1 B3
Lugo et al. 1993 [34] 3345 TGS 9 4077 23.87 9 0.6% 0.88 [0.10, 1.86] — 2900008
Martinez-Lagunas et al. 2010 [35] 268 2143 12 147 1177785 12 0.8% 069 [0.14,1.57] — 090000
Maughan et al. 1920 [36] g08 34 6 TB2 223 6 0.4% 0.51 [-0.65, 1.68] — + 9000+
McConell et al. 1996 [37] 68 226 7 243 255 2 0.5% 1.02 [0.04, 2.08] — 092000
McConell et al. 1999 [38] 193 594 s 152 255 2 0.5% 0.97 [0.08, 2.03] — 090000
McCaonell et al. 2000 [99] B2 148 13 BO.5 198 13  0.9% -0.08 [-0.85, 0.64] —— @200
MeGawley et al. 2012 [100] 3872 3EI099 10 -4037 4110861 10 0.7% 0.40 [-0.48, 1.20] —— 700000
Millard-Staffard et al. 1990 [101] 1419 a8 10  -1431 7E 10 0.7% 014 [0.74,1.02] —— 7090000
Millard-Staffard et al. 2005 i [102) 4078 102 10 -1.154 177 10 0.7% 0.50 [0.29, 1.40] o @200
Millard-Staffard et al. 200 ii [102] -1 062 98 10 -1154 177 10  0.7% 062 [0.29,1.57] +— 7092000
Millard-Staffard et al. 2007 [103] 79 141 1B 745 117 16 1.0% 0.34 [0.26, 1.04] +— 090000
Marris et al. 2003 [104] 7089 1041 9 7.78E 2723 9 0.6% 0,31 [1.24, 0.67] — 7@2000®
Murray etal. 1987 i [105] -401 52 13 -432 43 13 08% 063 016, 1.47] +— 7092000
Murray et al 1987 ii [105] _384 1 13 -432 43 13 08% 113029 1.97] — 090000
Murray etal. 1987 iii [105] _a75 0 13 -432 43 13 0.7% 1.48 [0.60, 2.37] — 7092000
Murray etal. 1989 i [108] 4302 083 12 -13E2 114 12 08% 0.57 [0.25, 1.34] . 7092000
Murray et al. 198 ii [106] 433 087 12 1362 114 12 08% 0.30 [0.50,1.11] — 090000
Murray et 2l 1984 iii [108] 1387 076 12 -13E2 114 12 08% 0.05 [-0.75, 0.85] —— @200
Murray etal. 1991 i [107] 476 278 10 -A05 591 10 0.7% 060 [0.20, 1.50] +— 9092000
Murray etal. 1891 ii [107] 4838 402 10 -&05 591 10 0.7% 0.40 [0.49 1.20] S — 090000
Murray et al. 1981 iii [107] -474.3 ED4 10 -505 591 10 0.7% 0.49 [-0.40, 1.38] o 7020089
Maclerio et al. 2014 [108] 0758 759 10 -107.5 241 10  07% -0.01 [F0.89, 0.87] o Ll o
Massif etal 2014 [100] 4405 181 10 1302 112 10  07% 0GB [-1.56, 0.25] — 090000
Massis et al. 1998 [110] 1102 214 9 1125 23.3 9 0.7% -010[-1.02, 0.83] —— 1090000
Mewell etal. 2015 [111] 353 437 20 -37.03 558 20 1.2% 0.34 0,28, 0.97] +— 7092000
Mewell etal. 2015 i [111] 3432 312 20 -37.03 558 20 1.2% 0.59 [0.05, 1.27] — 090000
Mewell et al. 2015 i [111] -34.18 313 20 -37.03 553 20 1.2% 0.62 [-0.02,1.25] — 700005
Michalas et al. 1985 [117] 2.9 45 e B.7 3 9 0.6% 0.55 [-0.40, 1 48] B 020008
Mikalopoulos et al. 2004 [113] 5287 2480 s 51.3 16.89 2 06% 0.34 [0.65,1.37] —1— e
Mishibata etal. 1993 [114] 9705 2055 7 oe07 27.23 7 0.5% -0.20 [-1.25, 0.85] — 7
Oosthuyse etal 201520 [114] 2845 268 9 7865 2 82 9 0.7% 0.07 [-0.86, 0.94] — 7
Oosthuyse etal. 2015a i [114] 2965 328 9 7865 2 87 9 0.6% 0,31 [1.24, 0.67] — 7@
Oosthuyse et al. 20150 [116] 287 288 8 7868 2.04 2 0.6% 015 [0.83,1.14] —— 708
Osterberg et al. 2008 [117] -7 1 28 13 347 A 13 08% 060 019, 1.39] +— 70®
('Hara etal. 2014 i [118] BR7 102 10 639 162 10  0.7% 0.34 [0.54, 1.27] —— 70908
(rHara et al. 2014 ii [118] 5.5 249 10 63.0 162 10 0.7% 026 [1.13, 0.63] —— 1090000
O Meal etal 2013 [119] 473 a2 36 414 92 3/ 1.7% 010 [0.26, 0.56] + 7092000
Pettersson et al. 2018 [1 20] _230 16 12 -738 16 12 0.8% 006 [-0.86, 0.74] —— 090000
Pattier etal. 2010 [121] B36 §5 12 -G26 BE 12  0.8% 016 [-0.96, 0.64] —— @200
Rilley et al. 1988 [127] 106 24 e 1032 24 9 0.6% 046 [0.77, 1.08] —— 700000
Roherts etal. 2014 i [129] 57728  BO5O  14 -B1174 8769 B 0.6% 0.50 [0.47, 1.48] e B— 090000
Roherts etal. 2014 ii [123] B1BS  BISQ 14 -B117.5 0760 B 0.6% _0.06 [-1.02, 0.90] —— @200
Robsan-Ansley et al. 2008 [124] 1913 17 7 1829 19 7 05% 0.44 [-0.63, 1.50] o B bl 1 B3
Robsaon-Ansley et al. 2011 [124] 143 129 5 145 10.2 9 0.6% 046 [0.76, 1.00] —— 090000
Rolla & Williams 2009 [126] 14046 1,104 8 13715 1143 2 0.6% 0.28 [0.71, 1.26] —— @200
Rolla & Williarms 2010 [127] 13588 1635 10 13680 1525 10  0.7% 006 [-0.93, 0.87] —— 7092000
Rolla etal. 2011 [128] 14518 786 10 14140 800 10 0.7% 0.40 [0.49 1.20] —— 100000
Srith etal. 2010 [1249] _35.2 28 12 -364 28 12 08% 0.41 [0.40,1.27] e 120004
Srmith et al. 2010 i [129] .35 26 12 -364 29 12 0.8% 0.49 [0.32,1.31] e 00000
Srmith et al. 2010 i [129] 347 21 12 -364 20 12 08% 065 018, 1.47] +— 100000
Steiner et al. 2009 [130] 241 67 2574 g 240 18.37 9  07% 0.07 [-0.85, 1.00] —t 700005
Sun etal. 2018 [131] 1062  26.50 e a1 6 16.69 2 06% 062 [0.29, 1.63] S 7092000
Tokmakidis & Karamanalis 2008 [132] 401 43 11 288 5 11 0.8% 0.27 FO.57,1.11] —— 100000
Tsintzas etal. 1993 [133] 1783 194 71312 18.7 7 0.5% 014 [0.91,1.14] —— 70000®
Tsintzas etal. 1995 i [134] 192.4 a7 7 -193.9 13.2 7 0.5% 043 F0.92,117] —— 2900000
Tsintzas etal. 1995 i [134] 480 103 7 -1839 13.2 7 0.5% 0.31 [0.75, 1.36] —— 90000
Tsintzas et al. 19962 [125] 1324 348 8 1043 243 8 05% 0.89 016, 1.97] ¢ E ®+-000+
Tsintzas et al. 1996k i [1 36] 1245 266 11 1096 Ma 11 07% 0.49 [0.36, 1.34] +— 7092000
Tsintzas et al. 1996k ii [136] 1214 297 11 1096 ME 11 08% 0.37 [0.48 1.21] —— 090000
Utter et al. 2002 [137] 258 282 48 -7GA.2 204 &0 21% 0.04 [0.26, 0.43] + @200
an Essen et al. 2006 [138] 435 285 10 -141 ME 10 07% 019 [0.69,1.07] —— 7992000
Valton & Rhodes 1997 [134] F48 258 10 436 27210 0.7% 068 [0.23, 1.50] —
Wiatson et al. 2012 i [140] 1082 338 12 1026 2389 12 08% 019 [0.61, 0.949] ——
Viatson et al. 2012 ii [140] 121 257 12 1026 238 12 08% 059 [0.23, 1.41] —
Watsan et al. 20172 iii [140] 1224 298 12 1026 238 12 08% 060 [0.22,1.47] —
Watsan et al, 2012 iv [140] 1041 201 12 045 245 12 08% 0.41 [0.40,1.27] -
Viatson et al. 2012 v [140] 1055 267 12 045 245 12 08% 0.41 [0.40,1.27] -
Watsan et al, 2012 i [140] 112 287 12 045 245 12 08% 063 019, 1.46] T—
Wilber et al 1992 [141] 115 25 10 57 2710 0.7% 0.85 [-0.08,1.77] —
williams et al. 1990 [147] 4248 148 12 1793 17.7 9 0.7% 0.27 F0.60, 1.14] ——
Williams et al. 1990 i [147] 42848 1749 12 1783 17.7 9 0.7% 018 [0.68,1.08] —
Total (95% CI) 1560 1534 100.0% 0.43 [0.35, 0.51] |
Heterogeneity: Tau®= 0.04; Chi*=172.38, df= 141 (F = 0.04); F=18% B/~ T T

Test for overall effect: £=10.31 (F = 0.00001)

Favours [control] Favours [experimental]

Risk of bias legend

(A) Bias arising from the subjects’inclusion process

(B) Bias arising from the statistical power calculation process

(C) Bias arising from the subjects’ familiarization process

(D) Bias arising from the generation of the random interventions (trials) allocation seguence
(E) Bias arising from the blind subjects’ to their treatment allocation

(F) Bias arising from the blind researchers’ to treatment allocations

(G) Bias due to lack of mentioning or pure reliability of measures

(H) Bias due to lack of mentioning or pure validity of measures

(I Bias due to the subjects’ complication or dropout = 15%

Figure 51: Forest plot of comparison, experimental carbohydrate supplementation vs control on exercise outcome including raw data {in mean and SD) and
risk-of-bias judgments of all studies (and trials) for 142 interventions. Abbreviations: Cl, confidence interval; IV, inverse variance; 5D, standard deviation; Std, stan-
dardized; i-vi denote different intervention arms (trials) within the same study; +, low risk-of-bias; ?, some concerns risk-of-bias; —, high risk-of-bias



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% ClI IV, Random, 95% CI

Gender of the subjects: Male
Acker-Hewitt et al. 2012 [47] 0.7 % 0.09[-0.79, 0.97] S
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Ali et al. 2007 [49] 1.0% 0.22 047, 0.92] P EEA
Anastasiou et al. 2004 i [50] 0.7 % Q.83 [010,1.759] 2 O SR
Anastasiou et al. 2004 ii [50] 0.7 % 0.31 [[0.87, 1.20] S T
Anastasiou et al. 2004 iii [50] 0.6% 1.01 [0.07, 1.96] = =
Angus et al. 2000 [51] 0.5% 1.23[0.13, 2.33]
Bauretal 2014 i [54] 0.5% 0.78 [-0.249, 1.80] D PO
Baur et al. 2014 ii [54] 0.6% 0.5 [-0.46, 1.599] P PR
Baur et al. 2014 iii [54] 0.6% 023 075, 1.21] R
Below et al. 1994 [54] 0.5% 0.77 [-0.26, 1.80] D PO
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09,1.87] e e d
Burgess et al. 1991 [47] 0.7 % 018074, 1.11] R
Byrne et al. 2005 [58] 0.9% 0.22 082, 0.497] D EA
Carter et al. 2003 i [A0] 0.5% 070 [-0.39,1.749] I
Carter et al. 2003 i [B0] 0.6% 0.38 061, 1.37] = Fea
Carter et al. 2005 [A1] 0.6% 0.49[-0.81,1.49] T PO
Carter et al. 2004 i [61] 0.6% 0.44 [-0.96, 1.43] I P
Clarke et al. 2011 [63] 0.4% 28001.70, 4.10]
Cole etal 19930 [F4] 0.7 % 0.23 065, 1.11] P EA
Cole etal. 1993 0 [R4d] 0.7 % 0.22 [-0.66, 1.10] B
Cole atal. 1992 i [64] 0.7 % 021 06T, 1.09] B
Cole etal. 2018 [F49] 0.3% 396 [2.62, 5.30]
Coletta etal. 20131 [6A] 0.8% 0.08 [[0.72, 0.88] S
Coletta et al. 2013 i [66] 0.8% -0.07 [F0.87, 0.73] e
Cureton et al. 2007 [6T] 1.0% 0.35 [-0.35, 1.09] N
Currell et al. 2008 i [68] 0.3% 285 [1.14, 3.97]
Currell et al. 2008 ii [68] 0.2% 4 37 [2.37, 6.37]
Davis et al. 2000 [69] 0.6% 0.49 [-0.81,1.49] T PO
Desbrow et al. 2004 [70] 0.7 % 0.02 [-0.90, 0.95] R T
El-Saved et al. 1995 [F2] 0.6% 087 [0.38,1.52] N Fe=—
El-Saved et al. 1897 [F3] 0.6% 016 [-0.82,1.14] P
Finger etal. 2018 [F4] 0.9% 0.04 073, 0.81] S
Funnell etal. 2017 i [FE] 1.0% -0.28 097, 0,42 P o
Funnell et al. 2017 ii [TH] 1.0% -0.23 092, 0.47] T
Ganio etal. 2010 [F7] 0.9% 042 [-0.33,1.17] I P
Glace etal. 20191 [78] 0.7 % 0.28 [-0.60, 1.16] SN P
Glace et al. 2019 iii [78] 0.7 % 0.38 [[0.81, 1.26] DR [
Goedecke et al. 2013 [79] 1.3% 0.39 [-0.21, 0.99] B3 P
Heeschetal 2014 1 [31] 0.6% 0.28 [[0.71, 1.26] N P
Heesch et al. 2014 ii [31] 0.6% 017 [-0.81,1.19] PR (TR
Heesch et al. 2014 iii [81] 0.6% 0.31 [-0.68, 1.30] — &
Hulston & Jeukendrup 2008 [82] 0.7 % Q.80 [-0.40,1.39] '
Hulston & Jeukendrup 2009 [33] 0.6% 1.35 [0.36, 2.34] 8
vy et al. 1983 [B4] 0.7 % 0.86 [-0.07,1.78] = = -
kang etal. 1995 [37] 0.5% 061 047, 1.69] P PR
kang et al. 1996 [38] 0.5% 0.48 [-0.99, 1.59] S
Khanna & Manna 2005 [29] 0.5% 210096, 3.24]
King etal. 20180 [90] 0.7 % 0.43 046, 1.32] PR O
King etal. 2018 ii [30] 0.7 % 019 [-0.69,1.07] —F
King et al. 2018 iii [90] 0.7 % 0.83[0.10,1.74] e
King etal. 2018 iv [90] 0.7 % 0.68 [-0.32,1.48] P
King etal. 20190 [91] 0.7 % 0.92[0.03,1.81] EEE
King et al. 2019 i [891] 0.7 % 1.09[0.18, 2.00] T =
King etal. 2019 0ii [91] 0.7 % 0.68 [[0.27,1.44] 73 P
Kingwell et al. 1985 [97] 0.6% 083042, 1.47] T
Learsietal 2019 [93] 0.6% 0.89 [-0.09,1.87] B R
Learsietal 201910 [93] 0.4% 2.31[1.058, 3.57]
Lugo etal. 1993 [94] 0.6% 0.88 [-0.10, 1.86] e e d
Maughan et al. 1989 [96] 0.4% 0.81 [-0.65, 1.6R] = [
McConell et al. 1996 [97] 0.5% 1.02 [-0.04, 2.08] 1
McConell et al. 1999 [93] 0.5% 0.897 [-0.08, 2.03] = = =
McConell et al. 2000 [99] 0.9% -0.08 [-0.85, 0.69] e
Millard-Stafford et al. 1990 [101] 0.7 % 014 [-0.74,1.02] — %
Millard-Stafford et al. 20051 [102] 0.7 % 0.60 [-0.39, 1.40] N P
Millard-Stafford et al. 20050 [102] 0.7 % 062 [-0.29,1.582] 3 PR
Millard-Stafford et al. 2007 [103)] 1.0% 0.34 [-0.36, 1.04] N =
Marris et al. 2003 [104] 0.6% -0.31 [F1.24, 062] 1 PN
Murray et al. 1987 1 [104] 0.8% 063016, 1.42] P
Murray et al. 1987 1i [1059] 0.8% 1.13[0.29,1.97] R —
Murray et al. 1987 iii [108] 0.7 % 1.49 [0.60, 2.37] PR
Maclerio et al. 2014 [108] 0.7 % -0.01 [F0.89, 0.87] R R
Massifetal 2014 [109] 0.7 % -0.66 [-1.56, 0.24] T = |
Mewell etal. 20151 [111] 1.2% 0.34 [[0.28, 0.97] 7y =
Mewell etal. 2005100 [111] 1.2% 0.69 [-0.048,1.22] =
Mewell etal 200151000 [111] 1.2% 0.62 [-0.02,1.29] R
Micholas et al. 18995 [112] 0.6% 0.5 [-0.40,1.49] T
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [[0.65, 1.33] P T
Mishibata et al. 1993 [114] 0.5% -0.20 [F1.29, 0.84] = pr—
Costhuyse etal. 201580 [1148] 0.7 % 0.07 [-0.86, 0.99] DR R
Costhuyse etal. 20158101 [1148] 0.6% 0.3 F1.24, 062 ER 7 PN
Dosthuyse etal. 20150 [116] 0.6% 015 [-0.83,1.14] DR R
Dsterherg et al. 2008 [117] 0.8% 0.60[-0.19, 1.39] 2 P
O'Haraetal 20140 [118] 0.7 % 0.34 054, 1.22] I =
O'Haraetal 207141 [118] 0.7 % -0.28 113, 0063] E
Rilley et al. 1988 [122] 0.7 % 016 [-0.77F, 1.08] R
Foberts etal 2014 1 [123] 0.6% 0.60 047, 1.48] PR TR
Roberts et al. 2014 4i [123] 0.6% -0.06 [-1.02, 0.90] L
FRobson-Ansley et al. 2009 [124] 0.5% 0.44 [-0.63, 1.50] T [ o
Fobson-Ansley et al. 2011 [1248] 0.7 % 016 [-0.76, 1.09] R o—
Rollo & Williams 2009 [126] 0.6% 0.28 [[0.71, 1.26] R P
Follo & Williams 2010 [127] 0.7 % -0.06 [-0.93, 0.82] PO PO
Folloetal. 2011 [128] 0.7 % 0.40[-0.49,1.249] D
Smith et al. 20001 [1249] 0.8% 0.41 [-0.40,1.22] T
Smith et al. 2010 0i [124] 0.8% 0.49 [-0.32,1.31] e
Srmith et al. 2000 [1249] 0.8% 065 [-018,1.47] 2 P —
Tsintzas et al. 19951 [134] 0.5% 013092 1.17] S R
Tsintzas etal. 1995 0i [134] 0.5% 0.31 [-0.75, 1.36] R - E—
Tsintzas et al. 1996a [134] 0.5% 0.89 016, 1.93] Y PP
Tsintzas et al. 19960 i [136] 0.8% 0.49 [-0.36, 1.34] N
Tsintzas et al. 19960 ii [136] 0.8% 0.37 [0.48,1.21] P S
“an Essen et al. 2006 [138] 0.7 % 019 [-0.69,1.07] —F
Watson et al. 20120 [140] 0.8% 019 [-0.61, 0.99] T B =
Watson et al. 2012 0i [140] 0.8% 0.69[-0.23,1.41] 0 =
Watson et al. 2012 i [140] 0.8% 060 [-0.22,1.42] % PEE
Watson et al. 2012 iv [140] 0.8% 0.41 [-0.40,1.22] T
Watson et al. 2012w [140] 0.8% 0.41 [-0.40,1.22] I T
Watson et al. 2012 vi [140] 0.8% 063 [-0.19, 1.46] T
Wilkher et al. 1992 [141] 0.7 % 0.8a [-0.08,1.77] = =
Williams et al. 19907 [142] 0.7 % 0.27 [-0.60, 1.14] SN F
Willlams et al. 19901 [142] 0.7 % 0.18 [-0.68, 1.04] —
Subtotal (95% CI) 76.1% 0.48 [0.38, 0.58] ]
Heterogeneity: Taw®=0.08; Chi®=153.86, df=110 (P = 0.004); F= 29%
Testfor overall effect: £=9.23 (F = 0.00001)

Gender of the subjects: Female
Bailey et al. 2000 i [52] 0.6% 0.67 [-0.38,1.582] N P
Bailey et al. 2000 ii [52] 0.6% 0.34 [[0.589,1.27] e
Glace et al. 2019 i [F8] 0.7 % 0.38 [0.81, 1.26] DR [
Glace etal. 2019 iv [78] 0.7 % -0.02 [-0.89, 0.8(] R PO
Ui etal. 2017 [30] 0.8% 0.47 [-0.38,1.32] N o
Janvis et al. 1994 [24] 0.7 % 0.08 [-0.79, 0.96] PR P
Sun etal 20148 [131] 0.6% 062 [-0.39, 1.63] N PR
Walton & Rhodes 1997 [1349] 0.7 % 0.68 [-0.23,1.59] £ PO
Subtotal (95% CI) 5.4% 0.38 [0.06, 0.70] i
Heterogeneity: Tau®=0.00; Chi*=2.07, df=7 (F =046} F=0%
Testfor overall effect: £=2.31 (F=0.02)

Gender of the subjects: Mixed
Baldassarre et al. 2021 [53] 0.5% 0.83 [-0.21, 1.86] £ P
Campbell et al. 2008 [59] 1.0% 0.19 [-0.50, 0.89] PR -
Clark et al. 2000 [A2] 0.5% 0.00[-1.04,1.04] =
Duhamel et al. 2007 [71] 0.9% 0845 [0.10, 1.60] =
Fulcoetal 2007 i [7a] 0.5% 0.68 [-0.48, 1.64] PR R
Fulcoetal. 2007 ii [74] 0.5% 043062, 1.48] = [ -
Jeukendrup et al. 1997 [B6] 1.1% 0.54 [-0.11,1.19] 2 P
Martinez-Lagunas et al. 2010 [95] 0.8% 069 [-0.14,1.42] o e
MeGawley et al. 2012 [100] 0.7 % 0.40[-0.48,1.249] D
Murray et al. 19890 [106] 0.8% 0.87 [-0.249, 1.39] oy =
Murray et al. 1989 i [106] 0.8% 0.30 [-0.480,1.11] DR T
Murray et al. 1989 iii [106] 0.8% 0.05 [-0.74, 0.84] PR
Murray et al. 1991 i [107] 0.7 % 0.60 [-0.30, 1.450] 73 PR
Murray et al 1991 §i [107] 0.7 % 0.40[-0.49,1.249] T
Murray et al. 1997 §ii [107] 0.7 % 0.49 [-0.40, 1.38] P e
Massis etal 1998 [110] 0.7 % -010[F1.02,0.83] s
o'Mealetal. 2013 [114] 1.8% 0.10 [-0.36, 0.56] o
FPettersson et al. 2019 [120] 0.8% -0.06 [-0.86, 0.74] DR PO
Steiner et al. 2009 [130] 0.7 % 0.07 [-0.85, 1.00] DR R
Tokmakidis & Karamanolis 2008 [132] 0.8% 0.27 [0.487,1.11] SUN P
Tsintzas etal. 1993 [133)] 0.5% 014 [-0.91,1.19] = -
Uitter et al. 2002 [137] 2.1% 0.04 [-0.36, 0.43] =
Subtotal (95% CI) 18.5% 0.28 [0.12, 0.44] L ]
Heterogeneity: Taw®=0.00; Chi*=1082, df =21 (F=0487); F=0%
Testfor overall effect: £=32.41 (P =0.0007)
Total (95% Cl) 100.0% 0.43 [0.35, 0.52] '
Heterogeneity: Tauw®=0.04; ChiF=170.41, df=140 (P =004 F=18% i

-4 -2 0 2
5

i
Testfor overall effect: £=10.40 (F = 0.00001) Favours [control] Favours [experimental]

Test far subgroup differences: Chif=410,df =2 (P=013), F=%51.3%

Figure 52: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 142 interventions. Subgroup analyses show the results with regard to the
subjects’ characteristics in three gender groups (Male, Female, Mixed). The black diamond symbol at the
subgroups and at the bottom of the figure represents the standardized mean difference with the 95% con-
fidence intervals for all interventions following mndom-effect meta-analyses. Studies or trials that provi-
ded insufficient data for subgroup classification were not included. Abbreviations: Cl, confidence interval;
IV, inverse variance; 5D, standard deviation; Std, standardized; i-vi dencte different intervention arms
(trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% ClI
Age of the subjects: Young (18-29 years)
Acker-Hewitt et al. 2012 [47] 0.7% 0.09 [0.79, 0.97] N
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Ali et al. 2007 [49] 1.0% 0.22 047,092 P
Anastasiou et al. 2004 i [50] 0.7% 0.83 [F0.10,1.79] 7 PO
Anastasiou et al. 2004 ii [30] 0.7% 0.31 F0.a7, 1.20] PP R
Anastasiou et al. 2004 iii [50] 0.6% 1.01 [0.07, 1.96] P
Angus etal. 2000 [51] 0.5% 1.23[0.13, 2.33]
Bailey et al. 2000 [52] 0.6% 0.7 [0.38,1.82] B P
Bailey et al. 2000 i [52] 0.7% 0.34 [[0.89,1.27] PP [
Baldassarre etal. 2021 [53] 0.5% 0.83 F0.21,1.86] 3 P
Bauretal. 2014 i [34] 0.6% 0.78 [0.24,1.80] T
Bauretal. 2014 ii [54] 0.6% 0.5 [-0.46, 1.59] PR PP
Baur et al. 2014 iii [54] 0.6% 023 0745, 1.21] PR F
Below et al. 19945 [54] 0.6% 0.77 [F0.26, 1.80] T
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09,1.87] e v 5
Burgess etal. 1991 [57] 0.7% 018 [F0.74,1.11] I
Byrne et al. 2004 [58] 0.9% 0.22 082, 0.497] T A
Carter et al. 2003 i [60] 0.5% 0.70 [0.39,1.79] I
Carter et al. 2003 ii [60] 0.6% 0.238 [0.61,1.37] P T
Carter et al. 20045 i [61] 0.6% 0.49 [0.81, 1.49] T TR
Carter et al. 2005 i [61] 0.6% 0.44 [-0.896,1.43] C P
Clark et al. 2000 [62] 0.5% 0.00 [1.0%5,1.09] I A
Clarke etal. 2011 [63] 0.4% 2H0[1.70, 4.10]
Cole etal 1993 i [64] 0.7% 0.23 0645, 1.11] = =
Cole etal. 1993 i [64] 0.7% 0.22 FO.BE, 1.10] I
Cole et al. 1993 iii [F4] 0.7% 0.21 FO.BT, 1.09] I
cureton et al. 2007 [67] 1.0% 0.35 [-0.345, 1.09] N
Davizs et al. 2000 [6Y] 0.6% 0.49 [F0.581,1.49] TR PR
Cuhamel et al. 2007 [71] 0.9% 0.8a[0.10,1.60] PO TR
El-Sayed et al. 1995 [72] 0.6% 0.87 [F0.38,1.82] B P
El-Sayved et al. 1997 [73] 0.6% 016 [F0.82,1.14] DR AT
Finoer et al. 2018 [74] 0.9% 0.04 0.73, 0.81] B
Funnell etal. 2017 i [FH] 1.0% -0.28 [[0.97, 0.42] -
Funnell et al. 2017 ii [TE] 1.0% -0.23 092, 0.47] P
Ganioetal 2010 [77] 0.9% 042 [F0.33,1.17] = =
Goedecke etal. 2013 [74] 1.3% 0.39 [0.21, 0.99] 2 P
Hulston & Jeukendrup 2008 [82] 0.7% 0.50 [-0.40, 1.39] I
Hulston & Jeukendrup 2009 [83] 0.6% 1.38[0.36, 2.39]
vy et al. 1983 [34] 0.7% 0.86 [-0.07,1.78] = = -
Jeukendrup et al. 19597 [B6] 1.1% 084 F0.11,1.19] 7 P
kang et al. 19945 [87] 0.5% 0.61 [0.47,1.649] PR P
kang et al. 1996 [B3] 0.5% 0.48 [-0.599, 1.59] = e o
Khanna & Manna 2005 [289] 0.5% 210096, 3.24]
Kinowell et al. 1989 [92] 0.6% 083 [F0.42,1.47] I P
Learsietal 20190 [93] 0.6% 0.89 [-0.09,1.87] 7 PR
Learsietal 2019 0i [93] 0.4% 2.31[1.09, 3.57]
Lugo et al. 19593 [44] 0.6% 0.88 [0.10, 1.86] ¥ PO
Martinez-Lagunas et al. 2010 [95] 0.8% 069 [-0.14,1.57] D -
Maughan et al. 1989 [96] 0.4% 0.81 [0.6%5, 1.66] B P a—
MoCaonell et al. 1996 [97] 0.5% 1.02 [0.04, 2.08] '
MoCaonell et al. 1999 [98] 0.5% 0.87 [-0.08, 2.03] = o =
MoCaonell et al. 2000 [99] 0.9% -0.08 [-0.85, 0.69] P o
MoGawley et al. 2012 [100] 0.7% 0.40 [-0.48,1.29] T P
Millard-Stafford et al. 1990 [101] 0.7% 014 [0.74,1.02] I
Millard-Stafford et al. 2005 i [102] 0.7% 0.80 [F0.39, 1.40] T
Millard-Stafford et al. 2005 i [102] 0.7% 062 [0.29,1.82] ) P
Millard-Stafford et al. 2007 [103] 1.0% 0.34 [[0.36,1.04] =
Marris et al. 2003 [104] 0.7% -0.31 [-1.24, 0.62] T
Maclerio et al. 2014 [108] 0.7% -0.01 [-0.89, 0.87] s
Massifetal 2014 [109] 0.7% -0.66 [-1.596, 0.29] T
Massis etal 1998 [110] 0.7% -0.10[-1.02, 0.83] B P
Micholas etal. 1995 [1132] 0.6% 0.5 [-0.40, 1.49] I
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [[0.645,1.33] P [
Mishibata et al. 1993 [114] 0.5% -0.20 [-1.245, 0.84] = o
O'Meal etal. 2013 [114] 1.8% 0.10 [0.36, 0.56] O
FPettersson et al. 2018 [120] 0.8% -0.06 [-0.86, 0.74] TR P
Rohson-Ansley et al. 2009 [124) 0.5% 0.44 [0.63, 1.480] P P
Rohson-Ansley et al. 2011 [124] 0.7% 016 [F0.76, 1.09] I
Follo etal. 2011 [128] 0.7% 0.40[0.49,1.29] DI s
Steiner et al. 2008 [130] 0.7% 0.07 [0.85,1.00] DR R
Sun etal 20149 [131] 0.6% 0.62 [-0.39,1.63] N T
Tokmakidis & Karamanolis 2008 [132] 0.8% 0.27 087, 1.11] I
Tsintzas et al. 19963 [134] 0.5% 0.89 016, 1.93] O PP
Tsintzas et al. 19960 i [136] 0.8% 0.49 [-0.36, 1.34] I P
Tsintzas et al. 195960 ii [136] 0.8% 0.37 [0.48,1.21] PR o
Yan Essen et al. 2006 [138] 0.7% 019 [F0.69,1.07] — B
Walton & Rhodes 1997 [1349] 0.7% 0.68 [0.23,1.899] oy o=
Watson et al. 2012 i [140] 0.8% 019 [F0.61, 0.99] P T
Watson et al. 2012 i [140] 0.8% 0.89 [0.23,1.41] N P
Wiatson et al. 2012 i [140] 0.8% 060 [F0.22,1.42] N P
Watson et al. 2012 iv [140] 0.8% 0.41 [-0.40,1.22] I
Watson et al. 2012 v [140] 0.8% 0.41 [F0.40,1.22] I
Wiatson et al. 2012 vi [140] 0.8% 063 [0.19, 1.46] 2 P
Subtotal (95% Cl) 58.4% 0.43 [0.33, 0.53] ]

Heterogeneity: Tau®=0.01; Chi*=85.594, df =82 (F=037), F= 4%
Test for overall effect: £=8.49 (P = 0.00001)

Age of the subjects: Adults | {30-39 years)

Campbell et al. 2008 [59] 1.0% 0.19 [-0.50, 0.89] PR -
Currell et al. 2008 i [68] 0.3% 285 [1.14,3.97]
Currell et al. 2008 ii [68] 0.2% 4 37 [2.37, 6.37]
Desbrow et al. 2004 [70] 0.7 % 0.02 [-0.90, 0.95] ER SN
Fulcoetal 2007 i[ra] 0.5% 0.68 [-0.48, 1.64] DR oA
Fulco et al. 2007 ii [749] 0.5% 0.43[-0.62,1.48] R T
Glace etal. 20191 [78] 0.7 % 0.28 [-0.60, 1.16] SN F
Glace et al. 2019 iii [£8] 0.7 % 0.38 [0.81, 1.26] D [
Ui etal. 2017 [30] 0.8% 0.47 [-0.38, 1.32] N
Heesch etal 2014 1 [381] 0.6% 0.28 [0.71, 1.26] S
Heesch et al. 2014 ii [31] 0.6% 017 [-0.81,1.14] PR TR
Heesch et al. 2014 iii [81] 0.6% 0.31 [-0.68, 1.30] — &
Jarvis et al. 1994 [24] 0.7 % 0.08 [-0.79, 0.96] PR P
King etal. 20180 [90] 0.7 % 043046, 1.32] P O
King etal. 2018 ii [90] 0.7 % 019 [-0.69,1.07] — 1
King et al. 2018 iii [90] 0.7 % 0.83[-0.10,1.74] e
King et al. 2018 iv [90] 0.7 % 0.68 [-0.32,1.48] N
King etal. 20190 [91] 0.7 % 0.92[0.03,1.81] R
King etal. 2018 i [491] 0.7 % 1.091[0.13, 2.00] T B
King etal. 2019 dii [91] 0.7 % 0.68 027, 1.44] 3 F=-a—
Murray et al. 1987 1 [1049] 0.9% 063016, 1.42] D P
Murray et al. 1987 i [104] 0.8% 1.131[0.29,1.97] ——
Murray et al. 1987 i [108] 0.7 % 1.49 [0.60, 2.37] PR S
Murray et al. 19890 [106] 0.8% 0.87 [-0.249, 1.39] 0 =
Murray et al. 1989 i [106] 0.8% 0.30 [-0.480,1.11] DR T
Murray et al. 1989 iii [106] 0.8% 0.05 [-0.74, 0.84] PR
Murray et al. 1991 i [107] 0.7 % 0.60 [-0.30, 1.450] 73 PR
Murray et al 1991 §i [107] 0.7 % 0.40[-0.49,1.249] T
Murray et al. 1991 §ii [107] 0.7 % 0.49 [-0.40, 1.38] P e
Mewell etal. 20151 [111] 1.2% 0.34 [[0.28, 0.97] 79 e
Mewell etal. 2015100 [111] 1.2% 0.69 [-0.05,1.22] = =
Mewell et al. 200151000 [111] 1.2% 062 [-0.02, 1.24] | EE
Costhuyse etal. 201530 [1148] 0.7 % 0.07 [-0.86, 0.99] DR R
Dosthuyse et al. 2015a10i [1148] 0.7 % -0.31 [F1.24, 062) ER 1 PN
Costhuyse etal. 20150 [116] 0.6% 015 [-0.83,1.14] TR
Dsterherg et al. 2008 [117] 0.9% 0.60[-0.19, 1.39] G P
O'Haraetal 20141 [118] 0.7 % 0.34 [[0.594,1.22] R
O'Haraetal 20141 [118] 0.7 % -0.28 113, 0.63] PR ¥ PN
Pottier et al. 2010 [121] 0.8% -0.16 [F0.96, 0.64] T
Rilley et al. 1988 [122] 0.7 % 016 [-0.77F, 1.08] PR —
Foberts etal 2014 1 [123] 0.6% 0.60 047, 1.48] PR - SR
Roberts et al. 2014 0i [123] 0.6% -0.06 [-1.02, 0.90] L
Follo & Williams 2009 [126] 0.6% 0.28 [0.71, 1.26] S
Follo & Williams 2010 [127] 0.7 % -0.06 [F0.93, 0.82] PO PR
Smith et al. 20001 [1249] 0.8% 0.41 [-0.40,1.22] T
Smith et al. 2010 0i [124] 0.8% 0.49 [-0.32,1.31] e =
Srmith et al. 2000 [129] 0.8% 065 [-018,1.47] 2 P —
Tsintzas etal. 1993 [133)] 0.5% 014 [-0.91,1.19] R R
Wilkher et al. 1992 [141] 0.7 % 0.8a [-0.08,1.77] = =
Willlams et al. 19901 [142] 0.7 % 0.27 [0.60,1.14] PPN
Williams et al. 19900 [142] 0.7 % 0.18 [-0.68, 1.09] —
Subtotal (95% CI) 36.M% 0.43 [0.31, 0.56] ¥
Heterogeneity: Taw®=0.01; Chi*=53.04, df= 50 (F = 0.36); F= 6%
Testfor overall effect: £=6.76 (F = 0.00001)

Age of the subjects: Adults Il (40-49 years)
Cole etal. 2018 [649] 0.3% 96 [2.62, 5.30]
Glace et al. 2019 i [F8] 0.7 % 0.38 [0.81, 1.26] D [
Glace etal. 2019 iv [78] 0.7 % -0.02 [-0.89, 0.8(] R PO
Tsintzas etal. 19957 [1 34] 0.5% 013092 1.17] = r ¢
Tsintzas etal. 1995 0i [134] 0.5% 0.31 [[0.75, 1.36] R - E—
Utter et al. 2002 [137] 2.1 % 0.04 [-0.36, 0.43] =
Subtotal (95% CI) 4.9% 0.69 [-0.18, 1.55] asifffo=-
Heterogeneity: Taw®=0.93; Chi®= 3091, df= 5 (F = 0.00001); F= 84%
Testfor overall effect: =186 (F=0.12)
Total (95% Cl) 100.0% 0.44 [0.35, 0.52] '

Heterogeneity: Tau®=0.04; Chi®= 17028, df= 1549 (F = 0.04); F=18% 54 52 ] 5 jl
desEiORouerallsiecE S=esil s s 00000 Favours [control] Favours [experimental]
Testfor suboroup differences: Chi*= 034, df=2 (P=084), F=0% ) )

Figure 53: Forest plot shows the effects of experimental carbohydrate supplementationas compared to
control on exercise outcome for 140 interventions. Subgroup analyses show the results with regard to the
subjects’ characteristics in three age groups [Young {1829 years), Adults | {(30-39 years), Adults Il (4049
veaars)]. The black diamond symbol at the subgroups and at the bottom of the figure represents the stan-
dardized mean difference with the 95% confidence intervals for all interventions following random-effect
meta-amalyses. Studies or trials that provided insufficient data for subgroup classification were not inclu-
ded. Abbreviations: Cl, confidence interval; IV, inverse variance; 5D, standard deviation; 5td, standardi-
zed; i-vi denote different intervention arms (trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI

CRF of the subjects: Superior
Acker-Hewitt et al. 2012 [47] 0.8% 0.09[-0.79, 0.97] S
Ali et al. 2007 [49] 1.2% 0.22 047, 0.92] P ErA
Anastasiou et al. 2004 i [50] 0.7 % 0.83[0.10,1.74] e
Anastasiou et al. 2004 i [50] 0.8% 031 0587, 1.20] SR A
Anastasiou et al. 2004 iii [50] 0.7 % 1.01 [0.07, 1.96] P —
Angus et al. 2000 [51] 0.5% 1.23[0.13, 2.33]
Bailey et al. 2000 i [52] 0.7 % 067 [0.38,1.52] N Fe=—
Bailey et al. 2000 ii [52] 0.7 % 0.34 [[0.599,1.27] PP [
Bauretal 2014 i[54] 0.6% 0.78 [-0.249, 1.80] P PO
Baur et al. 2014 ii [54] 0.6% 085 046, 1.59] P N PR
Baur et al. 2014 iii [54] 0.6% 0.23[0.745,1.21] P [
Below et al. 1994 [54] 0.6% 0.77 [-0.26, 1.80] B P
Burgess et al. 1991 [47] 0.7 % 018 [-0.74,1.11] R
Campbell et al. 2008 [59] 1.2% 0.19 [-0.80, 0.839] PR -
Carter et al. 2003 i [A0] 0.5% 070 [-0.39,1.749] I
Carter et al. 2003 i [B0] 0.6% 0.38 061, 1.37] = Fea
Carter et al. 2005 [A1] 0.6% 0.49[-0.81,1.49] T PO
Carter et al. 2004 i [61] 0.6% 0.44 [-0.96, 1.43] I e
Clark et al. 2000 [62] 0.5% 0.00 [-1.05, 1.09] =
Clarke etal. 2011 [63] 0.4% 280 1[1.70, 4.10]
Cole etal 1993 [F4] 0.8% 0.23 065, 1.11] P FA
Cole atal 1993 0 [64] 0.8% 0.22 066, 1.10] B
Cole etal. 1993 0ii [F4] 0.8% 0.21 [[0.67, 1.09] I
Cole etal 2018 [649] 0.3% 396 [2.62, 5.30]
Cureton et al. 2007 [67] 1.2% 0.35 [-0.35, 1.09] N
Currell et al. 2008 i [63] 0.3% 288[1.14, 3.97]
Currell et al. 2008 ii [62] 0.1 % 4 37 [2.37, 6.37]
Deshrow et al. 2004 [70] 0.7 % 0.02 [-0.90, 0.95] =
El-Saved et al. 18995 [72] 0.7 % 0.687 [-0.38,1.582] N = A
El-Saved et al. 18997 [F3] 0.6% 016 [-0.82,1.14] TR R
Finger etal. 2018 [F4] 1.0% 0.04 073, 0.81] S
Ganio et al. 2010 [77] 1.1% 0.42 [0.33,1.17] = =
Glace etal. 20191 [F8] 0.8% 0.28 [-0.60, 1.16] PPN
Glace et al. 2019 i [FE] 0.8% 0.38 051, 1.26] DR [
Glace et al. 2019 iii [78] 0.8% 0.38 [[0.81, 1.26] DR [
Glace etal. 2019 iv [78] 0.8% -0.02 [-0.89, 0.8(] R PO
Ui etal. 2017 [30] 0.8% 0.47 [-0.38, 1.32] N
Heeschetal 2014 1 [31] 0.6% 0.28 [[0.71, 1.26] S
Heesch et al. 2014 ii [31] 0.6% 017 [-0.81,1.19] PR (TR
Heesch et al. 2014 iii [81] 0.6% 0.31 [-0.68, 1.30] — &
Hulston & Jeukendrup 2008 [32] 0.8% 0.680[-0.40,1.39] I
Hulston & Jeukendrup 2009 [33] 0.6% 1.35 [0.36, 2.34]
vy et al 1983 [B4] 0.7 % 0.86 [-0.07F, 1.78] = = -
Jarvis et al. 1994 [24] 0.8% 0.08 [-0.79, 0.96] PR P
Jeukendrup et al. 1997 [B6] 1.4% 084 [-011,1.19] 7 e
kang etal 1995 [37] 0.5% 061 047, 1.69] T
kang et al. 1996 [38] 0.5% 0.48 [-0.59, 1.59] S
King etal. 20180 [90] 0.8% 043046, 1.32] P O
King etal. 2018 ii [90] 0.8% 019 [-0.69,1.07] — 1
King et al. 2018 dii [90] 0.7 % 0.83[-0.10,1.74] e
King etal. 2018 iv [90] 0.7 % 0.68 [-0.32,1.48] N
King etal. 20190 [91] 0.8% 0.92[0.03,1.81] R
King etal. 2018 i [491] 0.7 % 1.09[0.18, 2.00] T B
King etal. 2019 dii [91] 0.8% 0.68 027, 1.44] 3 =
Kingwell et al. 1985 [92] 0.7 % 083042, 1.47] T
Lugo etal. 1993 [94] 0.6% 0.88 [-0.10, 1.86] e e d
Martinez-Lagunas et al. 2010 [95] 0.9% 069 [-0.14,1.53] D -
McConell et al. 1996 [97] 0.5% 1.02 [-0.04, 2.08] 1
McConell et al. 1999 [93] 0.5% 0.897 [-0.08, 2.03] = = =
McConell et al. 2000 [99] 1.0% -0.08 [-0.85, 0.69] e
MeGawley et al. 2012 [100] 0.8% 0.40[-0.48,1.29] T
Millard-Stafford et al. 1990 [101] 0.8% 014 [0.74,1.02] R e
Millard-Stafford et al. 200451 [102] 0.8% 0.60[-0.39, 1.40] N P
Millard-Stafford et al. 20050 [102] 0.7 % 0.62 [-0.29,1.582] 73 P
Millard-Stafford et al. 2007 [103)] 1.2% 0.34 [-0.36, 1.04] o =
Marris et al. 2003 [104] 0.7 % -0.31 F1.24, 062 1
Massifetal 2014 [109] 0.7 % -0.66 [-1.56, 0.24] ER -
Massis etal 1998 [110] 0.7 % -010[F1.02,0.83] B P
Mewell etal. 200151 [111] 1.5% 0.34 [0.28, 0.497] g e
Mewell etal. 2005100 [111] 1.5% 089 [-0.05,1.22] = =
Mewell etal. 2015000 [111] 1.5% 0.62 [-0.02,1.29] | R
Micholas et al. 1995 [112] 0.7 % 0.85[-0.40,1.449] T
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [-0.65, 1.33] R
Costhuyse etal. 2015a 0 [1148] 0.7 % 0.07 [-0.86, 0.99] DR R
Costhuyse etal. 20158101 [1148] 0.7 % 0.3 F1.24, 062 ER 7 PN
Dosthuyse etal. 20150 [116] 0.6% 015 [-0.83,1.14] DR R
Dsterherg et al. 2008 [117] 1.0% 0.60[-0.19,1.39] 2 P
O'Haraetal 20141 [118] 0.8% 0.34 [0.94,1.22] R
O'Haraetal 201410 [118] 0.8% -0.28 113, 0.63] PR F PN
Pettersson et al. 2019 [120] 0.9% -0.06 [-0.86, 0.74] DE PO
Fottier et al. 2010 [121] 0.9% -016 [F0.96, 0.64] T
Rilley et al. 1988 [122] 0.7 % 016 [-0.77F, 1.08] R
Roberts etal. 2014 1 [123] 0.6% 0.680[-0.47,1.48] PR O SR
Foberts et al. 2014 4i [1235] 0.7 % -0.06 [-1.02, 0.90] = o °
Fobson-Ansley et al. 2011 [128] 0.7 % 016 076, 1.09] R
Rollo & Williams 2009 [126] 0.6% 0.28 [0.71, 1.26] S
Follo & Williams 2010 [127] 0.8% -0.06 [F0.93, 0.82] PO PR
Rolloetal. 2011 [128] 0.8% 0.40[-0.49, 1.29] T
Smith etal. 200010 [1249] 0.9% 0.41 [-0.40,1.22] I T
Smith et al. 200010 [124] 0.9% 049 [-0.32,1.31] e =
Srmith et al. 2070 iii [129] 0.9% 0.65[-0.18,1.47] 2 P
Tsintzas etal. 1993 [133)] 0.5% 014 [-0.91,1.19] E
Tsintzas etal. 199451 [134] 0.5% 0130492 117] SURE AT
Teintzas etal. 1995 0i [134] 0.5% 0.31 [-0.75, 1.36] T
Tsintzas et al. 1996a [1349] 0.6% 0.89 016, 1.93] Y PP a—
Tsintzas et al. 19960 i [136] 0.8% 0.49 [-0.36, 1.34] I T
Tsintzas et al. 1996h i [136] 0.8% 0.37 [-0.48,1.21] PN e
Uitter et al. 2002 [137] 3.8% 0.04 [-0.36, 0.43] =
“an Essen et al. 2006 [138] 0.8% 019 [-0.69,1.07] —F
Wilkher et al. 1992 [141] 0.7 % 0.8a [-0.08,1.77] = =
Williams et al. 19907 [142] 0.8% 0.27 [-0.60, 1.14] SN F
Willlams et al. 19901 [142] 0.8% 0.18 [-0.68, 1.049] —
Subtotal (95% CI) 79.5% 0.40 [0.31, 0.49] '
Heterogeneity: Chi*= 12278, df=101 (P=007), F=18%
Test for overall effect: £=9.04 (F = 0.00001)

CRF of the subjects: Excellent
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09,1.87] 2 PR
Byrne et al. 2005 [58] 1.1% 0.22 082, 0497] T A
Davis et al. 2000 [69] 0.6% 049 [-0.481,1.49] D O TR
Funnell et al. 2017 i [TH] 1.2% -0.28 [F0.97, 0.42] R o
Funnell etal. 2017 ii [TH] 1.2% -0.23 092, 0.47] P
Goedecke et al. 2013 [74] 1.7% 0.39 [-0.21, 0.99] i3 P
Khanna & Manna 2005 [2849] 0.5% 210096, 3.24]
Maughan et al. 19839 [96] 0.4% 0.1 [-0.6%, 1.66] N e
Sun etal 20148 [131] 0.6% 062 [-0.39, 1.63] N PR
Walton & Rhodes 1997 [1349] 0.7 % 0.68 [-0.23,1.59] o=
Watson et al. 20120 [140] 0.9% 019 [-0.61, 0.99] T B =
Watson et al. 2012 40i [140] 0.9% 0.69[-0.23,1.41] 9 =
Watson et al. 2012 i [140] 0.9% 060 [-0.22,1.42] o P
Watson et al. 2012 iv [140] 0.9% 0.41 [-0.40,1.22] I T
Watson et al. 2012 v [140] 0.9% 0.41 [-0.40,1.22] I
Watson et al. 2012 wi [140] 0.9% 0.63[-0.19, 1.46] T
Subtotal (95% CI) 14.4% 0.43 [0.23, 0.64] L
Heterogeneity: Chif=2119, df=16(F =017} 7= 24%
Testfor overall effect: £= 416 (F = 0.0001)

CRF of the subjects: Good
Murray et al. 1987 1 [1049] 1.0% 063016, 1.42] D P
Murray et al. 1987 i [104] 0.9% 1.131[0.29,1.97] ——
Murray et al. 1987 i [108] 0.8% 1.49 [0.60, 2.37] PR S
Mishibata et al. 1993 [114] 0.5% -0.20 [F1.29, 0.84] = pr—
Tokmakidis & Karamanolis 2008 [132] 0.9% 0.27 087, 1.11] SO P
Subtotal (95% CI) 4.0% 0.71 [0.32, 1.10] Q\
Heterogeneity: Chif== 792 df=4 (F=0.09); F= 49%
Test for overall effect: £= 3.9 (P = 0.0003)

CRF of the subjects: Fair
Cuhamel et al. 2007 [71] 1.1% 0.845[0.10, 1.60] =
Learsietal 2019 [935] 0.6% 0.89 [-0.09,1.87] B R
Learsietal 201810 [93] 0.4% 2.31[1.048, 3.487]
Subtotal (95% CI) 2.1% 1.13 [0.59, 1.67] <
Heterogeneity: Chif=414, df=2 (F=013); F=52%
Testfor overall effect: =411 (F = 0.0001)
Total (95% Cl) 100.0% 0.43 [0.36, 0.51] '
Heterogeneity: Chi*= 164 99, df= 126 (P =001 F=24% i
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Testfor overall effect: £=10.95 (F = 0.00001) Favours [control] Favours [experimental]

Test far subgroup differences: Chi*= 896, df= 3 (P =0.03), F=E6.5%

Figure S4: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 127 interventions. Subgroup analyses show the results with regards to
subjects’ characteristics in four CRF groups {(Superior, Excellent, Good and Fair). The black diamond
symbol at the subgroups and at the bottom of the figure represents the standardized mean difference with
the 95% confidence intervals for all interventions following fixed effects meta-amalyses. Studies or trials
that provided not sufficient data for subgroup dassification were not induded. Abbreviations: Cl, confi-
dence interval; CRF, cardio-respimatory fitness; IV, inverse variance; 50, standard deviation; Std, standar-
dized; i-vi denote different intervention arms (trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% ClI IV, Random, 95% CI

Exercise mode; Cycling
Acker-Hewitt et al. 2012 [47] 0.7 % 0.09[-0.79, 0.97] S
Anastasiou et al. 2004 i [50] 0.7 % 0.83[-0.10,1.74] e
Anastasiou et al. 2004 ii [50] 0.7 % 0.31 [0.87, 1.20] PP T
Anastasiou et al. 2004 iii [50] 0.6% 1.01 [0.07, 1.96] = & -
Angus et al. 2000 [51] 0.5% 1.23[0.13, 2.33]
Bailey et al. 2000 i [52] 0.6% 0.67 [-0.38,1.592] N P
Bailey et al. 2000 i [52] 0.6% 0.34 059, 1.27] SRR [
Bauretal 2014 i[54] 0.5% 0.78 [-0.249, 1.80] D PO
Baur et al. 2014 ii [54] 0.6% 0.5 [-0.46, 1.599] P PR
Baur et al. 2014 iii [54] 0.6% 023 075, 1.21] C -
Below et al. 1994 [54] 0.5% 0.77 [-0.26, 1.80] D P
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09,1.87] 3 P
Burgess et al. 1991 [47] 0.6% 018 [-0.74,1.11] R
Campbell et al. 2008 [59] 1.0% 0.19 [-0.80, 0.839] PR -
Carter et al. 2003 i [A0] 0.5% 070 [-0.39,1.749] I
Carter et al. 2003 i [B0] 0.6% 0.38 061, 1.37] = Fea
Carter et al. 2005 [A1] 0.6% 0.49[-0.81,1.49] T PO
Carter et al. 2004 i [61] 0.6% 0.44 [-0.96, 1.43] I e
Clark et al. 2000 [62] 0.5% 0.00 [-1.05, 1.09] =
Cole etal 19930 [F4] 0.7 % 0.23 065, 1.11] P EA
Cole etal. 1993 0 [R4d] 0.7 % 0.22 [-0.66, 1.10] B
Cole atal. 1992 i [64] 0.7 % 021 06T, 1.09] B
Cole etal. 2018 [F49] 0.3% 396 [2.62, 5.30]
Cureton et al. 2007 [67] 1.0% 0.35 [-0.35, 1.09] N
Currell et al. 2008 i [63] 0.3% 2846 [1.14, 3.97]
Currell et al. 2008 ii [6&] 0.2% 4 37 [2.37, 6.37]
Desbrow et al. 2004 [70] 0.7 % 0.02 [-0.90, 0.95] R T
Duhamel et al. 2007 [71] 0.9% 0.85[0.10, 1.60] =
El-Saved et al. 18995 [72] 0.6% 0.67 [-0.38,1.582] N = A
El-Saved et al. 18997 [F3] 0.6% 016 [-0.82,1.14] TR R
Fulcoetal 2007 i[ra] 0.5% 068 [0.48,1.64] DR P
Fulco et al. 2007 ii [749] 0.5% 0.43[-0.62,1.48] T [ o
Ganio etal. 2010 [F7] 0.9% 042 [-0.33,1.17] = =
Glace etal. 20191 [78] 0.7 % 0.28 060, 1.16] SR
Slace et al. 2019 i [T 8] 0.7 % 0.38 [[0.81, 1.26] D [
Glace et al. 2019 iii [£8] 0.7 % 0.38 [0.81, 1.26] D [
Glace etal. 2019 iv [78] 0.7 % -0.02 [-0.89, 0.86] T Hr
Heeschetal 20141 [31] 0.6% 0.28 [[0.71, 1.26] S
Heesch et al. 2014 ii [31] 0.6% 017 [-0.81,1.19] PR (TR
Heesch et al. 2014 iii [81] 0.6% 0.31 [-0.68, 1.30] — &
Hulston & Jeukendrup 2008 [32] 0.7 % 0.680[-0.40,1.39] I
Hulston & Jeukendrup 2009 [33] 0.6% 1.35 [0.36, 2.34]
Jarvis et al. 1994 [85] 0.7 % 0.08 079, 0.96] PR P
Jeukendrup et al. 1997 [B6] 1.1% 0.54 F011,1.19] 7 P
kang etal. 19945 [37] 0.5% 061 047, 1.69] PR
kang et al. 1996 [38] 0.5% 0,48 [-0.59, 1.59] SRR
King etal. 20180 [90] 0.7 % 0.43 046, 1.32] PR PO
King etal. 2018 i [490] 0.7 % 019 [-0.69,1.07] —F
King et al. 2018 iii [90] 0.7 % 0.83[-0.10,1.74] e e
King et al. 2018 iv [90] 0.7 % 0.68 [0.32,1.48] = =
King etal. 20190 [91] 0.7 % 092 [0.03,1.81] T
King etal. 20180 [41] 0.7 % 1.09[0.18, 2.00] T B -
King etal. 2019 dii [91] 0.7 % 0.68 [F0.27,1.44] 3 P
Kingwell et al. 19859 [92] 0.6% 083042, 1.47] T
Learsietal 20190 [93] 0.6% 0.89 [-0.09,1.87] 2 PR
Learsietal 20180 [93] 0.4% 2.31[1.048, 3.57]
Lugo etal. 1993 [94] 0.6% 0.88 [-0.10, 1.86] i e |
Martinez-Lagunas et al. 2010 [95] 0.8% 0.69 [-0.14, 1.53] D =
Maughan et al. 1939 [96] 0.4% 0.81 [-0.6%, 1.66] N e
McConell et al. 1996 [97] 0.5% 1.02 [-0.04, 2.08] 1
McConell et al. 1999 [98] 0.5% 0.97 [-0.08, 2.03] = = =
McConell et al. 2000 [99] 0.9% -0.08 [-0.859, 0.69] D
Millard-Stafford et al. 2007 [103] 1.0% 0.34 [0.36, 1.04] o =
Murray et al. 1987 1 [1049] 0.8% 063016, 1.42] D P
Murray et al. 1987 i [104] 0.8% 1.13[0.29,1.97] ——
Murray et al. 1987 iii [108] 0.7 % 1.49 [0.60, 2.37] B
Murray et al. 19890 [106] 0.8% 0.87 [-0.249, 1.39] 0 =
Murray et al. 1989 i [106] 0.8% 0.30 [-0.480,1.11] DR T
Murray et al. 1989 iii [106] 0.8% 0.05 [-0.74, 0.84] PR
Murray et al. 1991 1 [107] 0.7 % 0.60 [-0.20, 1.50] 3 P L
Murray et al 1991 §i [107] 0.7 % 0.40[-0.49,1.249] T
Murray et al. 1997 §ii [107] 0.7 % 0.49 [-0.40, 1.38] P e
Massifetal 2014 [109] 0.7 % -0.66 [-1.56, 0.24] ER -
Mewell etal. 20151 [111] 1.2% 0.34 [[0.28, 0.97] ) e
Mewell etal. 2005100 [111] 1.2% 0.69 [-0.048,1.22] =
Mewell etal. 200151000 [111] 1.2% 0.62 [-0.02,1.29] R
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [-0.6%5, 1.33] R
Mishibata et al. 1993 [114] 0.5% -0.20 F1.249, 0.84] ]
Dosthuyse etal. 201530 [1148] 0.7 % 0.07 [-0.86, 0.99] DR R
Dosthuyse et al. 2015a10i [1148] 0.6% -0.31 [F1.24, 062) ER 1 PN
Costhuyse etal. 20150 [116] 0.6% 015 [-0.83,1.14] TR
Dsterherg et al. 2008 [117] 0.8% 0.60[-0.19, 1.39] G P
O'Haraetal 20141 [118] 0.7 % 0.34 [[0.594,1.22] R
O'Haraetal 20141 [118] 0.7 % -0.28 113, 0.63] PR ¥ PN
o'Mealetal 2013 [114] 1.7% 010 [-0.26, 0.56] N
FPottier et al. 2010 [121] 0.8% -0.16 [F0.96, 0.64] — T
Rilley et al. 1988 [122] 0.6% 016 077, 1.08] PR —
Roberts etal. 2014 1 [123] 0.6% 0.680[-0.47, 1.48] PR - SR
Roberts et al. 2014 0§i [123] 0.6% -0.06 [-1.02, 0.90] I S
Smith et al. 200010 [129] 0.8% 0.41 [-0.40,1.22] I
Smith et al. 2000 0i [129] 0.8% 0.49[-0.32,1.31] e =
Smith et al. 2070 iii [129] 0.8% 0659 [-0.18,1.47] 2 Vo —
Steiner et al. 2009 [130] 0.7 % 0.07 [-0.85, 1.00] TR R
YWan Essen et al. 2006 [138] 0.7 % 019 [-0.69,1.07] — 1
Watson et al. 20120 [140] 0.8% 019 [-0.61, 0.99] T B =
Watson et al. 2012 40i [140] 0.8% 0.69[-0.23,1.41] 9 =
Watson et al. 2012 i [140] 0.8% 060 [-0.22,1.42] o P
Watson et al. 2012 iv [140] 0.8% 0.41 [-0.40,1.22] I T
Watson et al. 2012 v [140] 0.8% 0.41 [-0.40,1.22] I
Watson et al. 2012 wi [140] 0.8% 0.63[-0.19, 1.46] T
Subtotal (95% CI) 69.4% 0.47 [0.38, 0.57] ]
Heterogeneity: Tauw?=0.04; Chif=116.49 df=99 (F=011);, F=15%
Testfor overall effect: £=9.62 (F = 0.00001)

Exercise mode: Running
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Ali et al. 2007 [49] 1.0% 0.22 047, 0.92] P ErA
Clarke etal. 2011 [63] 0.4% 2H80101.70,4.10]
Coletta etal. 20131 [66] 0.8% 0.08 [-0.72, 0.88] N
Coletta et al. 2013 i [66] 0.8% -0.07 [F0.87, 0.73] ER 1 PO
Davis et al. 2000 [69] 0.6% 049 [-0.481,1.49] D O TR
Funnell et al. 2017 i [TH] 1.0% -0.28 [F0.97, 0.42] R o
Funnell etal. 2017 ii [TH] 1.0% -0.23 092, 0.47] P
Goedecke et al. 2013 [74] 1.3% 0.39 [-0.21, 0.99] i3 P
Ui etal. 2017 [30] 0.7 % 0.47 [-0.38,1.32] N
Khanna & Manna 2005 [249] 0.5% 210 [0.96, 3.24]
Millard-Stafford et al. 200451 [102] 0.7 % 0.60 [-0.39, 1.40] N P
Millard-Stafford et al. 20050 [102] 0.7 % 0.62 [-0.29,1.582] 73 P
Marris et al. 2003 [104] 0.6% -0.31 [F1.24, 0.62] 1 PN
Maclerio et al. 2014 [108] 0.7 % -0.01 [F0.89, 0.87] R R
Massis etal 1998 [110] 0.7 % -010[F1.02,0.83] B P
Micholas et al. 18995 [112] 0.6% 0.85[-0.40,1.49] T
Fobson-Ansley et al. 2009 [124] 0.5% 0.44 [-0.63, 1.450] = [orr o
Robson-Ansley et al. 2011 [1248] 0.6% 016 [-0.76, 1.09] O
Follo & Williams 2009 [126] 0.6% 0.28 [0.71, 1.26] S
Follo & Williams 2010 [127] 0.7 % -0.06 [F0.93, 0.82] PO PR
Rolloetal. 2011 [128] 0.7 % 0.40[-0.49, 1.29] T
Sunetal 20148 [131] 0.6% 0.62 [-0.39, 1.63] N P
Tokmakidis & Karamanolis 2008 [132] 0.8% 0.27 0487, 1.11] PP P
Tsintzas etal. 1993 [133)] 0.5% 014 [-0.91,1.19] R R
Tsintzas et al. 19957 [134] 0.5% 013092, 117] PURE ATRT
Teintzas etal. 19950 [134] 0.5% 0.31 [-0.74, 1.36] R - E—
Tsintzas et al. 1996a [134] 0.5% 0.89 016, 1.93] Y PP
Tsintzas et al. 189960 i [136] 0.7 % 0.49 [-0.36, 1.34] I P
Tsintzas et al. 1996k i [136] 0.8% 0.37 [-0.48,1.21] P
Uitter et al. 2002 [137] 2.1% 0.04 [-0.36, 0.43] =
Walton & Rhodes 1997 [1349] 0.7 % 0.68 [-0.23,1.59] P =
Wilher et al. 1992 [141] 0.7 % 085 [-0.08,1.77] = = -
Williams et al. 19907 [142] 0.7 % 0.27 [-0.60, 1.14] SN P
Williams et al. 19900 [142] 0.7 % 0.18 [-0.68, 1.09] — =
Subtotal (95% CI) 25.4% 0.35[0.17, 0.52] L
Heterogeneity: Tau®=0.08: Chi*=48.04, df= 34 (F = 0.06); F= 29%
Test for overall effect: £= 3.89 (P = 0.0001)

Exercise mode: Other
Baldassarre et al. 2021 [53] 0.5% 0.83 [0.21, 1.86] £ o=
Byrne et al. 2005 [58] 0.9% 0.22 0482, 0497] D EA
Finger etal. 2018 [74] 0.9% 0.04 [-0.73, 0.81] — = =
by et al. 1983 [B4] 0.6% 0.86 [-0.07, 1.78] = = -
MeGawley et al. 2012 [100] 0.7 % 0.40[-0.48,1.249] D
Millard-Stafford et al. 1990 [101] 0.7 % 014 [-0.74,1.02] T
Pettersson et al. 2019 [120] 0.8% -0.06 [-0.86, 0.74] a1 P
Subtotal (95% CI) 5.2% 0.29 [-0.03, 0.61] ’
Heterogeneity: Tau®= 000 Chi*= 383, dfi=6(F=070); F=0%
Test for overall effect: Z=1.79 (P =0.07)
Total (95% Cl) 100.0% 0.43 [0.35, 0.51] '
Heterogeneity: Tauw®=0.04; ChiF=172.38, df=141 (P =004, F=18% I

4 -2 0 2
5

1
Testfor overall effect: Z=10.31 (P = 0.00001) Favours [control] Favours [experimental]

Testfor subgroup differences: Chif= 232, df= 2 {(F=0.31), F=13.9%

Figure 55: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 142 interventions. Subgroup analyses show the results with regard to exer-
cise task in three exercise mode groups [Cycling, Running, Other (triathlon, duathlon, walking, loaded mar-
ching, roller-skiing)]. The black diamond symbol at the subgroups and at the bottom of the figure repre-
sents the standardized mean difference with the 95% confidence intervals for all interventions following
random-effect meta-amalyses. Studies or trials that provided insufficient data for subgroup classification
were not included. Abbreviations: Cl, confidence interval; IV, irverse variance; 5D, standard deviation; S5td,
standardized; i-vi denote different intervention arms (trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% ClI IV, Random, 95% CI
Capacity exercise test
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Bailey et al. 2000 [52] 0.6% 0.7 [0.38,1.82] B P
Bailey et al. 2000 i [52] 0.6% 0.34 [[0.99,1.27] PP [
Baldassarre etal. 2021 [53] 0.5% 0.83 F0.21,1.86] 3 P
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09,1.87] i we o
Burgess etal. 1991 [47] 0.6% 018 [F0.74,1.11] O
Evrne et al. 2005 [58] 0.89% 0.22 052, 0497 DR R
Carter et al. 2003 i [60] 0.5% 0.70 [0.39,1.79] I
Carter et al. 2003 ii [60] 0.6% 0.38 [0.61,1.37] P
Carter et al. 20051 [61] 0.6% 0.49 [0.591,1.49] DR TR
Carter et al. 2005 ii [61] 0.6% 0.44 [-0.86,1.43] I P
Clarke etal. 2011 [63] 0.4% 280[01.70, 4.10]
Cole etal 1993 i [64] 0.7% 0.23 065, 1.11] P A
Cole et al. 1993 i [64) 0.7% 0.22 066, 1.10] I
Cole et al. 1993 i [64] 0.7% 0.21 06T, 1.09] I
Coleetal 2018 [65] 0.3% 2.896 [2.62, 5.30]
Cureton et al. 2007 [67) 1.0% 0.35 [-0.345, 1.09] N
currell et al. 2008 i [68] 0.3% 2848114, 3.97]
currell et al. 2008 i [68] 0.2% 437 [2.37, 6.37]
Davis et al. 2000 [6Y] 0.6% 0.49 [0.81,1.49] T TR
Cuhamel et al. 2007 [71] 0.89% 0.8a[0.10,1.60] =
El-Sayved et al. 1995 [72] 0.6% 0.87 [0.38,1.52] N P
El-Sayed et al. 1997 [F3] 0.6% 016 [F0.82,1.14] TR T
Funnell etal. 2017 i [F6] 1.0% -0.28 [[0.97, 0.42] - P
Funnell et al. 2017 ii [TH] 1.0% -0.23 092, 0.47] P P
Ganioetal 2010 [77] 0.9% 042 [F0.33,1.17] = =
Glace etal. 2019 iii [F8] 0.7% 0.38 [0.891, 1.26] TR =
Glace et al. 2019 iv [78] 0.7% -0.02 [-0.89, 0.86] s P
Goedecke et al. 2013 [74] 1.3% 0.39 [0.21, 0.99] i3 P
vy et al. 1983 [34] 0.6% 0.86 [-0.07,1.78] = = -
Jarviz et al. 1999 [39] 0.7% 0.08 [0.79, 0.96] PR (A
kang et al. 19945 [87] 0.5% 0.61 [0.47,1.649] PR P
kang et al. 1996 [B3] 0.5% 0.48 [-0.599, 1.549] SRR P
Khanna & Manna 2005 [289] 0.5% 210096, 3.24]
King et al. 2018 i [90] 0.7% 0.43 [0.46,1.32] P PO
King et al. 2018 ii [90] 0.7% 0.19 [0.69,1.07] — B
king et al. 2018 iii [90] 0.7% 0.83[F0.10,1.74] 7 PO
King et al. 2018 iv [890] 0.7% 0.8 [0.32,1.48] N P
King etal 2019 i [91] 0.7% 092 [0.03,1.81] S
King et al. 2019 i [91] 0.7% 1.09[0.18, 2.00] T W
King et al. 2019 iii [91] 0.7% 088 0.27,1.44] ) P A
Kinowell et al. 1989 [82] 0.6% 083 [F0.42,1.47] I P
Martinez-Lagunas et al. 2010 [95] 0.8% 0.69 [-0.14, 1.53] D =
Maughan et al. 1989 [96] 0.4% 0.81 [-0.6%, 1.66] N PSR
MoConell et al. 1996 [97] 0.5% 1.02 [F0.04, 2.08] '
MoConell et al. 1999 [98] 0.5% 0.897 [0.08, 2.03] = i =
MoCaonell et al. 2000 [99] 0.9% -0.08 [-0.845, 0.69] P o
Millard-Stafford et al. 2007 [103] 1.0% 0.34 [[0.36,1.04] =
Morris et al. 2003 [104] 0.6% -0.31 [1.24, 0.62] = o
Massis etal 19938 [110] 0.7% -0.10[-1.02, 0.83] B P
Micholas etal. 1995 [112] 0.6% 0.5 [-0.40,1.49] I PSS
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [0.645, 1.33] R [
Mishibata et al. 1993 [114] 0.5% -0.20 [-1.249, 0.84] = o
O'Hara etal 2014 [118] 0.7% 0.34 [[0.594,1.22] R [
O'Hara et al. 20714 0i[118] 0.7% -0.25 113, 0.63] PR PN
O'Meal etal. 2013 [114] 1.7% 0.10 [0.36, 0.86] O
Rilley et al. 1988 [122] 0.6% 016 [F0.77,1.08] R
Rohson-Ansley et al. 2009 [124] 0.5% 0.44 [0.63,1.80] = [ere o
Rollo &Williams 2009 [126] 0.6% 0.28 F0.71, 1.26] —F 7
Rollo &vWilliams 2010 [127] 0.7% -0.06 [-0.93, 0.82] e e
Rollo etal. 2011 [128] 0.7% 0.40 [-0.49,1.29] T P
Steiner et al. 2008 [130] 0.7% 0.07 [F0.845,1.00] TR RN
Sunetal 20145 [131] 0.6% 0.62 [-0.39,1.63] N
Tokmakidis & Karamanolis 2008 [132] 0.8% 027 FO.a7, 1.11] I
Tsintzas et al. 195963 [139] 0.5% 0.89 016, 1.93] B PP
Tsintzas et al. 19960 i [136] 0.7% 0.49 [-0.36, 1.34] I PO
Tsintzas et al. 195960 ii [136] 0.8% 0.37 [F0.48,1.21] P
Walton & Rhodes 1997 [134] 0.7% 0.68 [0.23, 1.89] oy o=
Watson et al. 2012 i [140] 0.8% 019 [F0.61, 0.99] P T
Watson et al. 20120 [140] 0.8% 0.9 0,23, 1.41] o P
Wiatson et al. 2012 i [140] 0.8% 060 [F0.22,1.42] N P
Watson et al. 2012 iv [140] 0.8% 0.41 [-0.40,1.22] I
Watson et al. 2012 v [140] 0.8% 0.41 [F0.40,1.22] I
Wiatson et al. 2012 vi [140] 0.8% 063 [0.19, 1.468] i P a—
Wilber et al. 1992 [141] 0.7% 0.85 [0.08,1.77] ==
Subtotal (95% Cl) 51.1% 0.49 [0.36, 0.62] ]

Heterogeneity: TauF=012; Chif=115.44, df=74 (F=0.001); F= 36%
Testfor overall effect: £=r.45 (P = 0.00001)

Performance exercise test

Heterogeneity: Tau®=0.00; Chi*= 5563, df= 66 (F=0.81); F=0%
Test for overall effect: £=r.01 (F = 0.00001)

Acker-Hewitt et al. 2012 [47] 0.7% 0.09 [-0.79, 0.97] —
Alietal. 2007 [49] 1.0% 0.22 [-0.47,0.97] ——
Anastasiou etal. 2004 i [50] 0.7% 0.83[0.10,1.75] —
Anastasiou et al. 2004 ii [50] 0.7% 0.31 [0.57,1.20] ——
Anastaziou et al. 2004 jii [50] 0.6% 1.01 [0.07, 1.96] —
Angus etal. 2000 [51] 0.5% 1.23[0.13, 2.37]
Baur etal. 2014 i [54] 0.5% 0.78 [-0.25,1.20] T—
Baur et al. 2014 ii [54] 0.5% 0.55 [-0.46, 1.55] T
Baur et al. 2014 jii [54] 0.6% 0.23[-0.75,1.21] —r—
Below et al. 1995 [55] 0.5% 0.77 [-0.26,1.20] T—
Campbell et al. 2008 [59] 1.0% 0.19 [-0.50, 0.29] ——
Clark et al. 2000 [62] 0.5% 0.00 [-1.08, 1.05] —
Coletta et al. 2013 i [66] 0.5% 0.08[-0.72, 0.88] —
Coletta et al. 2013 ii [66] 0.8% -0.07 087, 0.77] —r—
Deshrow et al. 2004 [70] 0.7% 0.02 [-0.90, 0.95] R i
Finger etal. 2018 [T4] 0.9% 0.04 [-0.73, 0.81] —r
Fulco etal. 2007 i [75] 0.5% 0.58 [-0.48, 1.64] -
Fulco et al. 2007 ii [75] 0.5% 0.43 [-0.62,1.48] —
Glace etal. 2019 [75] 0.7% 0.28 [-0.60,1.16] ——
Glace etal. 2019 ii [TE] 0.7% 0.38 [-0.51,1.26] —T—
Gui et al. 2017 [20] 0.7% 0.47 [-0.38,1.37] o B
Heesch etal. 2014 [21] 0.6% 0.28 [-0.71,1.26] —T—
Heesch et al. 2014 ii [21] 0.5% 017 [0.81,1.15] —r
Heesch et al. 2014 iii [31] 0.6% 0.31 [-0.68, 1.20] —T—
Hulston & Jeukendrup 2008 [22] 0.7% 0.50 [-0.40, 1.29] -
Hulston & Jeukendrup 2009 [23] 0.5% 1.35 [0.36, 2.35]
Jeukendrup etal. 1997 [26] 1.1% 0.54 0.11,1.19] —
Learsi etal. 2019 i [83] 0.6% 0.89 [-0.09,1.87] —
Learsi etal. 2018 ji [93] 0.4%, 231 [1.05, 3.67]
Lugo et al. 1993 [94] 0.6% 0.88 010, 1.86] —
MeGawley et al. 2012 [100] 0.7% 0.40 [-0.48,1.29] —T—
Millard-Stafford et al. 1980 [101] 0.7% 014 [-0.74,1.07] ——
Millard-Stafford et al. 2005 i [102] 0.7% 0.50 [-0.39, 1.40] -
Millard-Stafford et al. 2005 ii [102] 0.7% 0.62[0.29,1.57 T
Murray et al. 1987 i [105] 0.8% 0.63 016, 1.47] —
Murray et al. 1987 i [105] 0.5% 1.13[0.29,1.97] —
Murray et al. 1987 iii [105] 0.7% 1.48 [0.BD, 2.37] —
Murray et al. 1988 i [106] 0.8% 0.57 [-0.28, 1.29] T—
Murray et al. 1989 i [108] 0.5% 0.30 [-0.50,1.11] —T—
Murray et al. 1984 jii [1 06] 0.5% 0.05 [-0.75, 0.85] —
Murray etal. 1991 i [107] 0.7% 0.60 [-0.30,1.50] T—
Murray et al. 1981 §i [107] 0.7% 0.40 [-0.49,1.29] —T—
Murray et al. 1991 i [107] 0.7% 0.49 [-0.40,1.28] I
Maclerio et al. 2014 [108] 0.7% -0.01 [0.89, 0.87] G T
Massifetal 2014 [109] 0.7% -0.66 [-1.56, 0.25] —
Mewell etal. 2015 [111] 1.2% 0.34 [-0.28,0.97] o e
Mewell et al. 2015 ii [111] 1.2% 0.50 [-0.08,1.27] —
Mewell et al. 2015 i [111] 1.2% 0.62 [-0.02,1.25] —
Oosthuyse etal. 2015ai [115] 0.7% 0.07 [-0.86, 0.99] —r
Oosthuyse et al. 2015a i [115] 0.5% -0.31 [1.24, 0.67] —
Oosthuyse et al. 20150 [116] 0.6% 015 [-0.83,1.14] —
Osterberg et al. 2008 [117] 0.5% 0.60[-0.19,1.29] —
Pettersson et al. 2018 [120] 0.8% -0.06 [0.86, 0.74] ——
Pottier etal. 2010 [121] 0.5% -0.16 [0.95, 0.64] —
Roberts etal. 2014 i [123] 0.6% 0.50 [-0.47,1.48] -
Roberts et al. 2014 i [1273] 0.5% -0.06 [-1.02, 0.90] —r
Robson-Ansley et al. 2011 [125] 0.6% 016 [-0.76,1.09] ——
Stnith etal. 2010 [129] 0.5% 0.41 [-0.40,1.27] I
Srnith et al. 2010 i [129] 0.8% 0.40 [-0.32,1.21] T
Srnith et al. 2010 i [129] 0.5% 0.65[-0.18,1.47] —
Tsintzas etal. 1993 [133] 0.5% 014 [0.91,1.19] —
Tsintzas etal. 1998 i [124] 0.5% 013 [0.92,1.17] —
Tsintzas et al. 1995 ii [134] 0.5% 0.31 [-0.75, 1.26] —r—
Utter et al. 2002 [137] 21% 0.04 [-0.36, 0.43] o
van Essen et al. 2006 [138] 0.7% 0.19 [-0.63,1.07] —T—
williams et al. 1980 [142] 0.7% 0.27 [0.60,1.14] ——
williams et al. 1980 i [142] 0.7% 0.18 [-0.68, 1.05] —T—
Subtotal (95% CI) 48.9% 0.37 [0.27, 0.47] \

'

Total {95% Cl) 100.0% 0.43 [0.35, 0.51]
Heterogeneity: Tau®=0.04; Chi®= 17258, df= 141 (F=0.04); F=18% 54 52 5 jl
AesEORoueralisiecE Sl o s 0000 Favours [control] Favours [experimental]
Testfor suboroup differences: Chi*= 216, df=1(FP=014), F=536% ) )

=

Figqure 56: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 142 interventions. Subgroup analyses show the results with regard to
exercise task in two exercise protocol test groups (Gapacity, Performance). The black diamond symbol at
the subgroups and at the bottom of the figure represents the standardized mean difference with the 95%
confidence intervals for all interventions following random-effect meta-amalyses. Studies or trials that
provided insufficient data for subgroup classification were not induded. Abbreviations: Cl, confidence
interval; IV, inverse variance; SD, standard deviation; Std, standardized; i-vi denote different intervention
arms (trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% Cl IV, Random, 95% Cl

Continuous exercise
Acker-Hewitt et al. 2012 [47] 0.7 % 0.09[-0.79, 0.97] S
Anastasiou et al. 2004 i [50] 0.7 % 0.83[-0.10,1.74] e
Anastasiou et al. 2004 ii [50] 0.7 % 0.31 [0.87, 1.20] PP T
Anastasiou et al. 2004 iii [50] 0.6% 1.01 [0.07, 1.96] = & -
Angus et al. 2000 [51] 0.5% 1.23[0.13, 2.33]
Bailey et al. 2000 i [52] 0.6% 0.67 [-0.38,1.592] N P
Bailey et al. 2000 i [52] 0.6% 0.34 059, 1.27] SRR [
Baldassarre et al. 2021 [53] 0.5% 0.83 [0.21, 1.86] 2 P =—
Bauretal 2014 i[54] 0.5% 0.78 [-0.249, 1.80] P PO
Baur et al. 2014 ii [54] 0.6% 085 046, 1.59] P N PR
Baur et al. 2014 iii [54] 0.6% 0.23[0.745,1.21] P [
Below et al. 1994 [54] 0.5% 0.77 [-0.26, 1.80] B P
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09,1.87] 2 PR
Burgess et al. 1991 [47] 0.6% 018074, 1.11] R F—
Campbell et al. 2008 [59] 1.0% 0.19 [-0.50, 0.89] P -
Carter et al, 2003 i [60] 0.5% 070 [-0.39,1.79] o
Carter et al. 2003 i [60] 0.6% 0.38 [[0.61,1.37] N
Carter et al. 2005 [A1] 0.6% 0.49[-0.481,1.49] TR O
Carter et al. 2005 i [B1] 0.6% 0.44 056, 1.43] EEN o
Clark et al. 2000 [G2] 0.5% 0.00[-1.0%, 1.049] —
Cole etal 1993 [F4] 0.7 % 0.23 065, 1.11] P FA
Cole atal 1993 0 [64] 0.7 % 0.22 066, 1.10] B
Cole etal. 1993 0ii [F4] 0.7 % 0.21 [[0.67, 1.09] I
Cole etal 2018 [649] 0.3% 396 [2.62, 5.30]
Coletta etal. 20131 [66] 0.8% 0.08 [-0.72, 0.88] N
Coletta et al. 2013 i [66] 0.8% -0.07 [F0.87, 0.73] ol
Cureton et al. 2007 [67] 1.0% 0.35 [-0.35, 1.09] N
Currell et al. 2008 i [63] 0.3% 2845 [1.14, 3.97]
Currell et al. 2008 ii [68] 0.2% 4 37 [2.37, 6.37]
Desbrow et al. 2004 [70] 0.7 % 0.02 [-0.90, 0.95] R T
Duhamel et al. 2007 [F1] 0.9% 0.85 010, 1.60] SO
El-Saved et al. 18995 [F2] 0.6% 0.67 [-0.38,1.582] N = A
El-Saved et al. 18997 [F4] 0.6% 016 [-0.82,1.14] TR
Finger etal. 2018 [F4] 0.9% 0.04 073, 0.81] S
Fulcoetal 2007 i[7a] 0.5% 0.68 [0.43, 1.64] R A
Fulcoetal. 2007 ii [74] 0.5% 043062, 1.48] = [orr o
Ganio et al. 2010 [77] 0.9% 0.42 [-0.33,1.17] = =
Glace etal. 20191 [78] 0.7 % 0.28 [[0.60, 1.16] SN F
Glace etal. 2019 i [F8] 0.7 % 0.38 [0.91, 1.26] T [
Glace et al. 2019 iii [78] 0.7 % 0.38 [-0.81, 1.26] DR o
Glace etal. 2019 iv [78] 0.7 % -0.02 [-0.89, 0.86] R
Ui etal. 2017 [30] 0.7 % 0.47 [-0.38,1.32] I
Heesch et al 2014 1 [81] 0.6% 0.28 071, 1.26] S
Heesch et al. 2014 ii [31] 0.6% 017 [-0.81,1.19] PR (TR
Heesch et al. 2014 iii [B1] 0.6% 0.31 [-0.68, 1.30] N
Hulston & Jeukendrup 2008 [82] 0.7 % Q.80 [-0.40,1.39] O
Hulston & Jeukendrup 2009 [33] 0.6% 1.35 [0.36, 2.34]
vy et al. 1983 [B4] 0.6% 0.86 [-0.07,1.78] = = -
Jarvis et al. 1999 [25] 0.7 % 0.08 [-0.79, 0.96] PR P
Jeukendrup et al. 1997 [B6] 1.1% 0.84 [011,1.19] 7 Fera
kang etal. 19945 [37] 0.5% 0.61 047, 1.69] PR
kang et al. 1996 [38] 0.5% 0.48 [-0.599, 1.59] SR -
Khanna & Manna 2005 [249] 0.5% 210 [0.96, 3.24]
King etal. 20190 [91] 0.7 % 0.92[0.03,1.81] EEE
King etal. 20180 [91] 0.7 % 1.09[0.18, 2.00] T B -
King et al. 2019 dii [91] 0.7 % 0.68 [F0.27,1.44] 3 P
Kingwell et al. 19849 [92] 0.6% 063042 1.47] T
Learsietal 20190 [93] 0.6% 0.89 [-0.09, 1.87] ) PP
Learsietal 20180 [93] 0.4% 2.31[1.048, 3.57]
Lugo etal. 1993 [94] 0.6% 0.88 [-0.10, 1.86] i e |
Martinez-Lagunas et al. 2010 [95] 0.8% 069 [-0.14,1.57] O P
Maughan et al. 1939 [96] 0.4% 0.81 [-0.6%, 1.66] N Fe
McConell et al. 1996 [97] 0.5% 1.02 [-0.04, 2.08] 1
McConell et al. 1999 [98] 0.5% 0.97 [-0.08, 2.03] = = =
McConell et al. 2000 [99] 0.9% -0.08 [-0.859, 0.69] Za e P
McGanley et al. 2012 [100] 0.7 % 0.40[-0.48,1.29] TR e
Millard-Stafford et al. 1990 [101] 0.7 % 014 [-0.74,1.02] T
Millard-Stafford et al. 20051 [102] 0.7 % 0.80 [-0.39, 1.40] N P
Millard-Stafford et al. 20050 [102] 0.7 % 062 [-0.29, 1.582] 3 T
Millard-Stafford et al. 2007 [103] 1.0% 0.34 [0.36, 1.04] N =
Murray et al. 1991 i [107] 0.7 % 0.60 [-0.30, 1.450] 3 PR
Murray et al. 1991 §i [107] 0.7 % 0.40[-0.49,1.249] D
Murray et al. 1997 §i [107] 0.7 % 0.49 [-0.40, 1.38] T e
Massifetal 2014 [109] 0.7 % -0.66 [-1.56, 0.24] @ |8
Mewell etal. 200151 [111] 1.2% 0.34 [0.28, 0.497] g e
Mewell etal. 20015100 [111] 1.2% 0.89[-0.08,1.22] = =
Mewell etal. 200151000 [111] 1.2% 0.62 [-0.02,1.29] | R
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [[0.65, 1.33] P T
Mishibata et al. 1993 [114] 0.5% -0.20 [F1.29, 0.84] = pr—
Costhuyse etal. 201580 [1148] 0.7 % 0.07 [-0.86, 0.99] DR R
Costhuyse etal. 20158101 [1148] 0.6% 0.3 F1.24, 062 ER 7 PN
Dosthuyse etal. 20150 [116] 0.6% 015 [-0.83,1.14] DR R
Dsterherg et al. 2008 [117] 0.8% 0.60[-0.19,1.39] 2 P
FPettersson et al. 2019 [120] 0.8% -0.06 [-0.86, 0.74] Pa T P
Fottier et al. 2010 [121] 0.8% -016 096, 0.64] T
Rilley et al. 1988 [122] 0.6% 016 [-0.77F, 1.08] PR —
Foberts etal 2014 1 [123] 0.6% 0.60 047, 1.48] PR - SR
Roberts et al. 2014 4i [123] 0.6% -0.06 [-1.02, 0.90] L
FRobson-Ansley et al. 2009 [124] 0.5% 0.44 [-0.63, 1.50] T [ o
Fobson-Ansley et al. 2011 [1248] 0.6% 016 [-0.76, 1.09] R o—
Rollo & Williams 2009 [126] 0.6% 0.28 [[0.71, 1.26] R P
Follo & Williams 2010 [127] 0.7 % -0.06 [-0.93, 0.82] PO PO
Folloetal. 2011 [128] 0.7 % 0.40[-0.49,1.249] D
Smith et al. 20001 [1249] 0.8% 0.41 [-0.40,1.22] T
Smith et al. 2010 0i [124] 0.8% 0.49 [-0.32,1.31] e =
Smith et al. 2000 i [1249] 0.8% 065 [-018,1.47] 2 P —
Steiner et al. 2009 [130] 0.7 % 0.07 [-0.85, 1.00] DR R
Sunetal 20148 [131] 0.6% 0.62 [-0.39, 1.63] N P
Tokmakidis & Karamanolis 2008 [132] 0.8% 0.27 0487, 1.11] PP P
Tsintzas etal. 1993 [133)] 0.5% 014 [-0.91,1.19] R R
Tsintzas et al. 19957 [134] 0.5% 013092, 117] PURE ATRT
Teintzas etal. 19950 [134] 0.5% 0.31 [-0.74, 1.36] R - E—
Tsintzas et al. 1996a [134] 0.5% 0.89 016, 1.93] Y PP
Tsintzas et al. 189960 i [136] 0.7 % 0.49 [-0.36, 1.34] I P
Tsintzas et al. 1996k i [136] 0.8% 0.37 [-0.48,1.21] P
Uitter et al. 2002 [137] 2.1% 0.04 [-0.36, 0.43] =
“Wan Essen et al. 2006 [138] 0.7 % 019 [-0.69,1.07] —F
Watson et al. 20120 [140] 0.8% 019 [-0.61, 0.99] PN L
Watson et al. 2012 i [140] 0.8% 0.59[-0.23,1.41] 0 =
Watson et al. 2012 i [140] 0.8% 060 [-0.22,1.42] 0 PCE
Watson et al. 2012 iv [140] 0.8% 0.41 [-0.40,1.22] I
Watson et al. 2012w [140] 0.8% 0.41 [-0.40,1.22] T
Watson et al. 2012 wi [140] 0.8% 063 [-0.19, 1.46] T
Wilher et al. 1992 [141] 0.7 % 085 [-0.08,1.77] = = -
Williams et al. 19907 [142] 0.7 % 0.27 [-0.60, 1.14] SN P
Williams et al. 19900 [142] 0.7 % 0.18 [-0.68, 1.09] — 1
Subtotal (95% CI) 79.5% 0.44 [0.35, 0.52] ]
Heterogeneity: TauF=0.02; ChiF=12545 df=115 (P =024 F=8%
Test for overall effect: £=9.90(F = 0.00001)

Intermittent exercise
Byrne et al. 2005 [58] 0.9% 0.22 082, 0.497] T A
Davis et al. 2000 [69] 0.6% 049 [-0.481,1.49] D O TR
King etal. 20180 [90] 0.7 % 043 [-0.46,1.32] PR O
King etal. 2018 ii [40] 0.7 % 019 [-0.69,1.07] —F
King et al. 2018 dii [90] 0.7 % 0.83[0.10,1.74] e
King etal. 2018 iv [90] 0.7 % 0.68 [-0.32,1.48] N
Marris et al. 2003 [104] 0.6% -0.31 [F1.24, 062] 1 PN
Murray et al. 1987 1 [104] 0.8% 063016, 1.42] P
Murray et al. 1987 i [104] 0.8% 1.13[0.29,1.97] S
Murray et al. 1987 iii [108] 0.7 % 1.49 [0.60, 2.37] PR
Murray et al. 19849 1 [106] 0.8% 0.67 [-0.245,1.39] 9 =
Murray et al. 1989 0 [106] 0.8% 0.30[-0.580,1.11] DN A
Murray et al. 1989 iii [106] 0.8% 0.05 [-0.745, 0.849] PR [
Massis etal 1998 [110] 0.7 % -010[F1.02, 0.83] B o
Micholas etal. 1995 [112] 0.6% 0.585[-0.40,1.49] T
O'Haraetal 20141 [118] 0.7 % 0.34 [[0.594,1.22] R
O'Haraetal 20141 [118] 0.7 % -0.28 113, 0.63] PR ¥ PN
o'Mealetal 2013 [114] 1.7% 0.10 [-0.36, 0.56] o
Walton & Rhodes 1997 [1349] 0.7 % 0.68 [-0.23,1.59] 0 o=
Subtotal (95% CI) 14.7% 0.38 [0.19, 0.58] $
Heterogeneity: Tau®=0.01; Chi*=18.493, df =18 (F=040), F= 5%
Test for overall effect: £=3.90(F = 0.0001)

Intermittent shuttle exercise
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Ali et al. 2007 [449] 1.0% 0.22 047, 0.92] P E
Clarke etal. 2011 [63] 0.4% 280 101.70, 4.10]
Funnell et al. 2017 i [TH] 1.0% -0.28 [F0.97, 0.42] a1 oy
Funnell etal. 2017 ii [FH] 1.0% -0.23 092, 0.47] P
Goedecke et al. 2013 [79] 1.3% 0.39 [-0.21, 0.99] i P
Maclerio et al. 2014 [108] 0.7 % -0.01 [-0.89, 0.87] R SR
Subtotal (95% Cl) 5.8% 0.53 [-0.13,1.18] L ]
Heterogeneity: Tau®=0.458; ChiF=2710, df= 6 (P = 00001}, F=TF78%
Testfor overall effect: =148 (F =011
Total (95% Cl) 100.0% 0.43 [0.35, 0.51] '
Heterogeneity: Tauw®=0.04; ChiF=172.38, df=141 (P =004, F=18% I
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1
Testfor overall effect: Z=10.31 (P = 0.00001) Favours [control] Favours [experimental]

Testfor subgroup differences: Chif=0.31,df= 2 (F=0.88), F=0%

Fiqure 57: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 142 interventions. Subgroup amalyses show the results with regard to
exercise task in three exercise type groups ({Intermittent, Continuous, Intermittent shuttle). The black dia-
mond symbol at the subgroups and at the bottom of the figure represents the standardized mean differen-
ce with the 95% confidence intervals for all interventions following mndom-effect meta-amalyses. Studies
or trials that provided insufficient data for subgroup classification were not included. Abbreviations: Cl,
confidence interval; IV, inverse variance; 5D, standard deviation; Std, standardized; i-vi denote different
intervention arms (trials) within the same study



Std. Mean Difference

Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% Cl IV, Random, 95% Cl

Concentration: 0% < CHO =< 2%
Burgess et al. 1991 [57] 0.6% 018074, 1.11] N R
Mewell etal. 20151 [111] 1.2% 0.34 [[0.28, 0.97] ) e
Smith et al. 20101 [1249] 0.8% 0.41 [-0.40,1.22] I
Watson et al 20120 [140] 0.8% 019 061, 0.99] P L
Watson et al. 2012 iv [140] 0.8% 0.41 [-0.40,1.22] I
Subtotal (95% CI) 4.3% 0.32 [-0.03, 0.66] »>
Heterogeneity: Tau®= 000 Chif=0.29, df=4 (F =099} F=0%
Testfor overall effect: £=1.79(F=0.07)

Concentration: 2% < CHO < 4%
Heeschetal 2014 1 [31] 0.6% 0.28 [[0.71, 1.26] S
Maughan et al. 19839 [96] 0.4% 0.1 [-0.6%, 1.66] N P
Mewell etal. 2015100 [111] 1.2% 0.89[-0.045,1.22] = =
O'Haraetal 20141 [118] 0.7 % 0.34 [[0.594,1.22] R
O'Haraetal 20141 [118] 0.7 % -0.28 113, 0.63] PRRN ¥ VNS
Watson et al. 2012 0i [140] 0.8% 069 0023, 1.41] Y P
Watson et al. 2012w [140] 0.8% 0.41 [-0.40,1.22] I
Subtotal (95% CI) 5.2% 0.38 [0.06, 0.70] i
Heterogeneity: Tau®= 000 Chif=2.71, df=6 (F=0.84); F=0%
Test for overall effect: £=2.34 (P=0.02

Concentration:; 4% < CHO =< 6%
Angus et al. 2000 [51] 0.5% 1.23[0.13, 2.33]
Bailey et al. 2000 i [52] 0.6% 0.67 [-0.38,1.592] N P
Bailey et al. 2000 ii [52] 0.6% 0.34 [[0.589,1.27] e
Below et al. 1994 [54] 0.5% 0.77 [-0.26, 1.80] D P
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09,1.87] 3 P
Byrne et al. 2005 [58] 0.9% 0.22[-0.52, 0.97] D A
Campbell et al. 2008 [59] 1.0% 0.19 [-0.50, 0.89] PR -
Cole etal 1993 [G4] 0.7 % 0.23 065, 1.11] T = .
Cole atal 2018 [69] 0.3% 2896 [2.62, 5.30]
Coletta etal. 20131 [6A] 0.8% 0.08 [-0.72, 0.88] e =
Cureton et al. 2007 [67] 1.0% 0.35 [-0.35, 1.049] N
Davis et al. 2000 [69] 0.6% 049 051, 1.49] D - TR
Desbrow et al. 2004 [70] 0.7 % 0.02 [-0.90, 0.95] R TS
Duhamel et al. 2007 [71] 0.9% 0845 [0.10,1.60] SN
Ganio et al. 2010 [77] 0.9% 0.42 [-0.33,1.17] = =
Glace etal. 20191 [78] 0.7 % 0.28 [[0.60, 1.16] SN F
Glace etal. 2019 i [F8] 0.7 % 0.38 [0.91, 1.26] T [
Glace et al. 2019 iii [78] 0.7 % 0.38 [-0.81, 1.26] DR o
Glace etal. 2019 iv [78] 0.7 % -0.02 [-0.89, 0.86] R
Ui etal. 2017 [30] 0.7 % 0.47 [-0.38,1.32] I
Heesch et al. 2014 i [31] 0.6% 07 [-0.81,1.19] PR TR
Heesch et al. 2014 iii [81] 0.6% 0.31 [-0.68, 1.30] — &
Hulston & Jeukendrup 2009 [83] 0.6% 1.35 [0.36, 2.34]
kang etal. 1995 [37] 0.5% 061 047, 1.69] T
kang et al. 1996 [38] 0.5% 0.48 [-0.99, 1.59] S
Khanna & Manna 2005 [29] 0.5% 210096, 3.24]
King etal. 20180 [90] 0.7 % 0.43 046, 1.32] PR O
Martinez-Lagunas et al. 2010 [95] 0.8% 069 014, 1.52] O P
McConell et al. 2000 [99] 0.9% -0.08 [-0.859, 0.69] e
Millard-Stafford et al. 20051 [102] 0.7 % 0.60[-0.39, 1.40] N P
Millard-Stafford et al. 2007 [103)] 1.0% 0.34 [-0.36, 1.04] o =
Murray et al. 1987 1 [1049] 0.8% 063016, 1.42] P PR
Murray et al. 1987 i [104] 0.8% 1.131[0.29,1.97] A
Murray et al. 1989 0 [106] 0.8% 0.67 [-0.249,1.39] 0 =
Murray et al. 1991 1 [107] 0.7 % 0.60 [-0.30, 1.40] 3 P L
Massifetal 2014 [109] 0.7 % -0.66 [-1.56, 0.29] - E
Dsterherg et al. 2008 [117] 0.8% 0.60[-0.19,1.39] 2 P
o'Mealetal. 2013 [114] 1.7% 0.10 [-0.36, 0.56] T
Pottier et al. 2010 [121] 0.8% -0.16 [F0.96, 0.64] T
Smith et al. 20100 [129] 0.8% 0.49 [-0.32,1.31] e =
Smith et al. 2000 i [1249] 0.8% 065 [-018,1.47] 2 P —
Steiner et al. 2009 [130] 0.7 % 0.07 [-0.85, 1.00] DR R
Sunetal 20148 [131] 0.6% 0.62 [-0.39, 1.63] N P
Tsintzas etal. 1993 [133] 0.5% 014 [-0.91,1.19] R
Teintzas etal. 1995 0i [134] 0.5% 0.31 [-0.75, 1.36] T
Tsintzas et al. 1996a [1349] 0.5% 0.89 016, 1.93] Y PP a—
Tsintzas et al. 19960 i [136] 0.7 % 0.49 [-0.36, 1.34] I T
Utter et al. 2002 [137] 2.1% 0.04 036, 0.43] = iy
“Wan Essen et al. 2006 [138] 0.7 % 019 [-0.69,1.07] —F
Watson et al. 2012 i [140] 0.8% 060 [-0.22,1.42] % PEE
Watson et al. 2012 wi [140] 0.8% 0.63[-0.19, 1.46] T
Williams et al. 19907 [142] 0.7 % 0.27 [[0.60, 1.14] SN F
Willlams et al. 19901 [142] 0.7 % 0.18 [-0.68, 1.049] —
Subtotal (95% CI) 39.6% 0.44 [0.31, 0.57] ]
Heterogeneity: Tau®= 0.06; Chi*= 6576, df= 52 (P = 0.06), F= 24%
Testfor overall effect: £=6.42 (P = 0.00001)

Concentration: 6% < CHO =< 8%
Acker-Hewitt et al. 2012 [47] 0.7 % 0.09[-0.79, 0.97] PR P
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Ali et al. 2007 [49] 1.0% 0.22 047, 0.92] P ErA
Anastasiou et al. 2004 i [50] 0.7 % 0.83[0.10,1.74] e
Anastasiou et al. 2004 i [50] 0.7 % 031 [F0A7F, 1.20] SR -
Anastasiou et al. 2004 iii [50] 0.6% 1.01 [0.07, 1.96] P —
Baldassarre et al. 2021 [53] 0.5% 0.83 [-0.21, 1.86] 2 o
Baur et al. 2014 ii [54] 0.6% 0.585 [-0.46, 1.599] P PO PR
Carter et al. 2003 i [G0] 0.5% 0.70[-0.39, 1.749] I
Carter et al. 2003 ii [B0] 0.6% 0.38 [0.61,1.37] = Fa
Carter et al. 20050 [61] 0.6% 0.49[-0.81,1.49] D - =R
Carter et al. 2004 i [61] 0.6% 0.44 [-0.96, 1.43] I P
Clark et al. 2000 [A2] 0.5% 0.00[-1.04,1.04] =
Clarke etal. 2011 [63] 0.4% 2890 101.70, 4.10]
Coletta et al. 2013 i [66] 0.8% -0.07 [F0.87, 0.73] ER 1 PO
El-Saved et al. 19945 [F2] 0.6% 0.67 [-0.38,1.582] I
El-Saved et al. 1997 [F3] 0.6% 016 [-0.82,1.14] DR R
Goedecke et al. 2013 [79] 1.3% 0.39 [-0.21, 0.99] B P
Hulston & Jeukendrup 2008 [82] 0.7 % 0.60 0,40, 1.39] I
Jarvis et al. 1999 [85] 0.7 % 0.08 [-0.79, 0.96] PR P
Jeukendrup et al. 1997 [B6] 1.1% 0.54 F011,1.19] 7 P
King etal. 2018 i [490] 0.7 % 019 [-0.69,1.07] —F
King etal. 20190 [91] 0.7 % 0.92[0.03,1.81] R
Learsietal 20190 [93] 0.6% 0.89 [-0.09,1.87] D I
Learsietal 20190 [93] 0.4% 2.31[1.048, 3.487]
Lugo etal. 1993 [94] 0.6% 0.88 [-0.10, 1.86] 2 ORI PR
McConell et al. 1996 [97] 0.5% 1.02 [-0.04, 2.08] 1
McConell et al. 1999 [98] 0.5% 0897 [-0.08, 2.03] = = =
Millard-Stafford et al. 1990 [101] 0.7 % 014 [-0.74,1.02] T
Millard-Stafford et al. 20050 [102] 0.7 % 062 [-0.29,1.582] 3 PR
Marris et al. 2003 [104] 0.6% 031 F1.24, 062 i
Murray et al. 1987 iii [108] 0.7 % 1.49 [0.60, 2.37] P P
Murray et al. 1989 i [106] 0.8% 0.30 [-0.480,1.11] DR T
Massis etal 1998 [110] 0.7 % -010[F1.02, 0.83] B o
Mewell etal 200151000 [111] 1.2% 0.62 [-0.02,1.29] R
Micholas et al. 18995 [112] 0.6% 0.5 [-0.40,1.49] T
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [0.65,1.33] P T
Costhuyse etal. 201520 [1148] 0.7 % 0.07 [-0.86, 0.99] DR R
Dosthuyse et al. 2015a10i [1148] 0.6% -0.31 [F1.24, 062) ER 1 PN
Costhuyse etal. 20150 [116] 0.6% 015 [-0.83,1.14] TR
Rilley et al. 1988 [122] 0.6% 016 [-0.77F, 1.08] R
Robson-Ansley et al. 2009 [124] 0.5% 0.44 [-0.63, 1.50] T [ o
Fobson-Ansley et al. 2011 [1248] 0.6% 016 [-0.76, 1.09] R o—
Rollo & Williams 2009 [126] 0.6% 0.28 [[0.71, 1.26] R P
Follo & Williams 2010 [127] 0.7 % -0.06 [-0.93, 0.82] PO PO
Folloetal. 2011 [128] 0.7 % 0.40[-0.49,1.249] D
Tsintzas etal. 19957 [1 34] 0.5% 013092 117] = r ¢
Tsintzas et al. 19960 ii [136] 0.8% 0.37 [-0.48,1.21] P S
Wilher et al. 1992 [141] 0.7 % 085 [-0.08,1.77] = = -
Subtotal (95% CI) 32.3% 0.47 [0.33, 0.62] L
Heterogeneity: Tau®=0.04; Chi*= 45677, df=48(F =018} F=15%
Test for overall effect: £=6.54 (F = 0.00001)

Concentration: 8% < CHO =< 10%
Cole etal. 1993 0 [R4d] 0.7 % 0.22 [-0.66, 1.10] B
Cole etal. 1993 0ii [F4] 0.7 % 0.21 [-0.67, 1.09] I
Fulcoetal. 2007 i [7a] 0.5% 0.68 [-0.48, 1.64] R P
Fulcoetal. 2007 ii [74] 0.5% 043062, 1.48] = [orr o
King et al. 2018 iii [90] 0.7 % 0.83[-0.10,1.74] e e
King etal. 2018 i [41] 0.7 % 1.09[0.13, 2.00] T B
King etal. 2019 dii [91] 0.7 % 0.68 027, 1.44] 3 F=-a—
Kingwell et al. 1988 [92] 0.6% 083042, 1.47] T
Murray et al. 1989 iii [106] 0.8% 0.05 [-0.745, 0.849] PR [
Mishibata et al. 1993 [114] 0.5% -0.20 F1.249, 0.84] ]
Roberts etal. 2014 1 [123] 0.6% 0.680[-0.47, 1.48] PR - SR
Roberts et al. 2014 §i [123] 0.6% -0.06 [1.02, 0.90] I S
Subtotal (95% CI) T.7% 0.40 [0.13, 0.67] Q
Heterogeneity: Tau®=0.00 Chif=6.68, df=11 (F=082); F=0%
Test for overall effect: £=2.90 (P = 0.004)

Concentration: 10% < CHO =< 15%
Bauretal 2014 i [54] 0.5% 0.78 [-0.259, 1.80] D P
Baur et al. 2014 iii [54] 0.6% 0.23[0.745,1.21] P -
Currell et al. 2008 i [63] 0.3% 2846 [1.14, 3.97]
Currell et al. 2008 ii [68] 0.2% 4 37 [2.37, 6.37]
Finger etal. 2018 [F4] 0.9% 0.04 073, 0.81] S
Funnell et al. 2017 i [TH] 1.0% -0.28 [F0.97, 0.42] R o
Funnell etal. 2017 ii [TH] 1.0% -0.23 092, 0.47] P
King et al. 2018 iv [90] 0.7 % 0.68 [-0.32,1.48] N
MeGawley et al. 2012 [100] 0.7 % 0.40[-0.43,1.29] T
Murray et al 1991 §i [107] 0.7 % 0.40[-0.49,1.29] T
Maclerio et al. 2014 [108] 0.7 % -0.01 [F0.89, 0.87] R R
Walton & Rhodes 1997 [1349] 0.7 % 0.68 [-0.23,1.59] 9 P
Subtotal (95% CI) 8.0% 0.53 [0.07, 1.00] @
Heterogeneity: Tauw®=0.44; Chi®=33.37, df=11 (P = 0.00048); F= (7%
Testfor overall effect: £=2.24 (P =0.02)

Concentration: 15% < CHO =< 20%
by et Al 1983 [84] 0.6% 0.86 [-0.07, 1.78] = = -
Murray et al 1997 i [107] 0.7 % 0.49 [-0.40, 1.38] P e
FPettersson et al. 2019 [120] 0.8% -0.06 [-0.86, 0.74] Pa T P
Tokmakidis & Karamanolis 2008 [132] 0.8% 0.27 [-0.87,1.11] SO -
Subtotal (95% CI) 2.9% 0.35 [-0.08, 0.78] >
Heterogeneity: Tau®=0.00; Chi*=2.30, df=3{F=0481) F=0%
Testfor overall effect: £=1.61 (F=0.11)
Total (95% Cl) 100.0% 0.43 [0.35, 0.51] '
Heterogeneity: TauF=0.04; ChiF=172.38, df=141 (P =004 F=18% i

Test for overall effect: £=10.31 (P = 0.00001)

Test for subgroup differences: Chi*f=1.26, df= 6 (P =097, F=0%
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Figure 5&: Forest plot shows the effects of experimental carbohydrate supplementation as compared to

control on exercise outcome for 142 interventions. Subgroup amalyses show the results with regard to sup-
plementation in seven carbohydmate concentration groups (%o < CHO = 2%, 2% < CHO = 4%, 4% < CHO =
6%, 6% < CHO = 8%, 8% < CHO = 10%, 10% = CHO = 15%, 15% = CHO = 20%j). The black diamond symbol

at the subgroups and at the bottom of the figure represents the standardized mean difference with the

95% confidence intervals for all interventions following mndom-effect meta-amalyses. Studies or trials that
provided insufficient data for subgroup classification were not included. Abbreviations: CHO, carbohydra-
te; Cl, confidence interval; IV, inverse variance; 50, standard deviation; Sitd, standardized; i-vi dencte dif-

ferent intervention arms (trials) within the same study



S5td. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% Cl IV, Random, 95% Cl

CHO dose =< 40 g-hr™*
Funnell etal. 2017 i [FE] 4.5% -0.28 F0.97, 0.42] U] I
Funnell etal. 2017 ii [TH] 4 5% -0.23 [F0.92, 0.47] T
Goedecke et al. 2013 [79] .2 % 0.39 [-0.21, 0.949] 3 =
Murray et al. 1991 1 [107] 2.7 % 0.60 [-0.20, 1.50] A P
Mewell etal. 20151 [111] A 6% 0.34 [-0.28, 0.87] A =
Mewell etal. 20015100 [111] f.5% 0.9 [-0.08,1.22] |
O'Haraetal 20141 [118] 2.8% 0.234 [-0.54 1.22] N F=
O'Haraetal 20141 [118] 2.8% -0.29 [-1.13, 0.63] I N
Smith et al. 20101 [1249] 3.4% 0.41 [-0.40,1.22] S
Smith et al. 2000i [124] 3.3% 0.49 [-0.232,1.31] e =
Subtotal (95% CI) 41.4% 0.24 [0.01, 0.48] g
Heterogeneity: Tau®=0.00; Chi*=7.71, df= 9 (P =0.86); F=0%
Testfor overall effect: £=2.08 (F=0.04)

40 g-hr "< CHO dose < 60 g-hr *
Baldassarre et al. 2021 [53] 2.1 % 0.83 [-0.21, 1.86] i P —
King etal. 20180 [90] 2.8% 0.43 [-0.46,1.32] A
Murray et al 1991 §i [107] 2.8% 0.40[-0.49, 1.249] ZE I —
Filley et al. 1928 [122] 2.6% 06 [-0.77F, 1.08] N
Srmith et al. 2070 iii [129] 3.2% 0.65[-0.18,1.47] i T
Subtotal (95% CI) 13.4% 0.49 [0.08, 0.89] <5
Heterogeneity: Tau®= 000 Chif=1.10, df=4 (F=0.89); F=0%
Testfor overall effect: £= 236 (F = 0.02)

60 g-hr ' < CHO dose < B0 g-hr *
King et al. 2018 ii [40] 2.8% 019 [-0.69, 1.07] A
King etal. 20190 [91] 2.8% 0.92[0.03, 1.81] T
MeConell et al. 1996 [97] 2.0% 1.02 [-0.04, 2.08] '
Murray et al. 1997 i [107] 2.8% 0.49 [-0.40, 1.38] S
Mewell etal. 200151000 [111] f.4% 062 [-0.02, 1.25] o =
oosthuyse etal. 201580 [115] 2.6% 0.07 [-0.86, 0.99] —
Dosthuyse etal. 2015a10i [1148] 2.5% -0.31 [F1.24, 0.63] o I
Dosthuyse etal. 20150 [116] 2.3% 0145 [-0.83,1.14] =
Subtotal (95% CI) 23.2% 0.41 [0.10, 0.72] &
Heterogeneity: Tau®= 000 ChiF=629 df=F (F=04581), F=0%
Test for overall effect: £=2.62 (F = 0.004)

80 g-hr ' <« CHO dose < 100 g-hr *
King et al. 2018 iii [90] 2 6% 0.83[0.10,1.74] e
King etal. 2019 i [91] 2.7 % 1.09[0.18, 2.00] =
King etal. 2019 0ii [91] 3.0% 068 [-0.27,1.44] o M=
Subtotal (95% CI) 8.2% 0.82 [0.31, 1.34] 4
Heterogeneity: Tau®= 000 Chif=0.64, df=2 (FP=0.73); F=0%
Test for overall effect: £= 313 (P =0.002)

CHO dose > 100 g-hr *
King etal. 2018 iv [90] 2. 7% 0.8 [-0.32,1.418] B
Maclerio et al. 2014 [108] 2.9% -0.01 [-0.89, 0.87] R A
FPettersson et al. 2019 [120] 2.4 % -0.06 [-0.86, 0.7 4] ==
Roberts etal. 2014 1 [123] 2.3% 080 [-0.47, 1.418] N I
Roberts et al. 2014 §i [123] 2.4% -0.06 [-1.02, 0.90] N
Subtotal (95% CI) 13.8% 0.17 [-0.23, 0.57] P
Heterogeneity: Tau®= 000 Chi*=1.95 dfi= 4 (P=074); F=0%
Testfor overall effect: £=0.84 (P = 0.40)
Total (95% Cl) 100.0% 0.35 [0.21, 0.50] L ]
Heterogeneity: Tau®= 0.00; Chi®= 23.08, df= 30 (P = 0.81); F= 0% 54 52 i % i

Test for overall eﬂ’ec_t: F=463(F ,: 0.00001% Favours [control] Favours [experimental]
Testfor subgroup differences: Chi*=538, df= 4 (F=0.25), F=258%

Figure 59: Forest plot shows the effects of experimental carbohydrate supplementationas compared to
control on exercise outcome for 31 interventions. Subgroup analyses show the results with regard to sup-
plementation in five carbohydrate dose groups (CHO dose = 40 g hr', 40 ghr' <« CHO dose = 60 g-hr?, 60
ghr' < CHO dose = §0 ghr?, §0 g-hr' < CHO dose = 100 g-hr?, CHO dose > 100 ghr™). The black diamond
symbol at the subgroups and at the bottom of the figure represents the standardized mean difference
with the 95% confidence intervals for all interventions following random-effect meta-anmalyses. Studies or
trials that provided insufficient data for subgroup classification were not included. Abbreviations: CHO,
carbohydrmate; Cl, confidence interval; IV, inverse variance; 5D, standard deviation; 5td, standardized; i-vi
denote different intervention arms (trials) within the same study



Std. Mean Difference

Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% ClI

GL-only solution
Anastasiou et al. 2004 § [50] 1.8% Q.83 [010,1.759] = =
Baur et al. 2014 ii [54] 1.6% 0.5 [-0.46, 1.59] P PR
Baur et al. 2014 iii [54] 1.6% 0.23[0.745,1.21] P [
Bishop et al. 2001 [56] 1.6% 0.89 [-0.09, 1.87] ) PP
Byrne et al. 2005 [58] 2.8% 0.22 082, 0497] T ErR
Clark et al. 2000 [G2] 1.5% 0.00[-1.0%,1.09] =
Currell et al. 2008 [B8] 0.9% 285 1[1.14, 3.97]
Duhamel et al. 2007 [71] 2.8% 0845 [0.10, 1.60] SO S
El-Saved et al. 1995 [F2] 1.7% 0.67 [-0.38,1.582] I
El-Saved et al. 1997 [F3] 1.6% 016 [-0.82,1.14] PR
Hulston & Jeukendrup 2008 [32] 1.9% 0.60 [-0.40, 1.39] o
by et al. 1983 [B4] 1.8% 0.86 [-0.07, 1.78] = = -
King etal. 20180 [90] 1.9% 043 [-0.46,1.32] PR O
King et al. 2018 ii [30] 2.0% 019 [-0.69,1.07] —F
Kingwell et al. 1985 [92] 1.7% 083042, 1.47] T
Maughan et al. 1929 [96] 1.2% 0.81 [0.65, 1.66] N =
Murray et al. 1987 1 [1049] 2.3% 063016, 1.42] P EC
Murray et al. 1991 1 [107] 1.9% 0.60 [-0.30, 1.450] ) e
Mewell etal. 20050 [111] 3.2% 034 028, 0.497] = =
Mewell etal. 20015100 [111] 3.1% 0.69 [-0.048,1.22] = =
Mewell etal. 20051000 [111] 3.1% 0.62 [-0.02,1.24] |
Mishibata et al. 1993 [114] 1.5% -0.20 F1.29, 0.85] P
O'Haraetal 20141 [118] 1.9% -0.258 113, 0.63] DR PN
Smith et al. 20001 [1249] 2.2% 0.41 [-0.40,1.22] I
Smith et al. 20000i [124] 2.2% 049 032, 1.31] e =
Srmith et al. 2070 iii [129] 2. 2% 0.65[-0.18,1.47] 2 P
Tokmakidis & Karamanolis 2008 [132] 2.1% 0.27 0487, 1.11] PO -
Subtotal (95% CI) 53.5% 0.49 [0.32, 0.65] ¢
Heterogeneity: Tau®=0.00 Chi*=18.76, df= 26 (F=0.89), F= 0%
Testfor overall effect: £= 578 (P = 0.00001)

MD-only solution
Alghannam 2011 [48] 0.9% 1.67 [0.28, 3.07]
Carter et al, 2003 i [60] 1.4% 070 [-0.39,1.79] o
Carter et al. 2003 ii [60] 1.6% 0.38 [[0.61,1.37] T re
Carter et al. 2004 [A1] 1.6% 049 [-0.481,1.49] D TR
Carter et al. 2005 i [61] 1.6% 0.44 [-0.56, 1.43] I P
Cole etal 2018 [F49] 1.0% 396 [2.62, 5.30]
Finger etal. 2018 [F4d] 2.4% 0.04 [0.73, 0.81] S
Heesch et al 2014 1 [81] 1.6% 0.28 071, 1.26] S
Heesch et al. 2014 ii [31] 1.6% 017 [0.81,1.19] PR (TR
Heesch et al. 2014 iii [81] 1.6% 0.31 [-0.68, 1.30] — &
Learsietal 20190 [93] 1.6% 0.89 [-0.09, 1.87] ) PP
Learsietal 20180 [93] 1.1% 2.31[1.048, 3.57]
Maclerio et al. 2014 [108] 2.0% -0.01 [F0.89, 0.87] R R
Foberts et al. 2014 0i [123] 1.7 % -0.06 [-1.02, 0.90] B
Robson-Ansley et al. 2009 [124] 1.4% 0.44 [-0.63, 1.50] T [, o
Subtotal (95% CI) 23.1% 0.71 [0.25, 1.16] 5
Heterogeneity: Tauw®=0.53; Chi== 4146, df=14 (P = 0.0002); = 6%
Testfor overall effect: £= 3.06 (P = 0.002)

SUC-only solution
Burgess et al. 1991 [57] 1.8% 018074, 1.11] R E—
Goedecke et al. 2013 [79] 3.4% 0.39 [-0.21, 0.99] Ea =
Guietal 2017 [20] 2.1 % 047 [-0.38,1.32] o
Murray et al. 1989 0 [106] 2. 2% 0.67 [-0.249,1.39] Y P
Murray et al. 1989 i [106] 2.2% 0.30 040, 1.11] TR T
Murray et al. 1989 §ii [106] 2.3% 0.05 075, 0.859] FR
“Wan Essen et al. 2006 [138] 2.0% 019 [-0.69,1.07] —F
Subtotal (95% CI) 15.8% 0.32 [0.02, 0.62] L 2
Heterogeneity: Tau®= 000 Chif=1.14, df=6(F=0498); F=0%
Testfor overall effect: £= 210 (F =0.04)

MAL-only solution
Anastasiou et al. 2004 ii [50] 1.9% 0.31 [[0.87, 1.20] PP
Dosthuyse etal. 2015a10i [1148] 1.8% -0.31 F1.24, 0062 ]
Subtotal (95% CI) 3.7% 0.02 [-0.62, 0.66] S
Heterogeneity: Tau=0.00; Chi*= 091, df=1{F=034) F=0%
Test for overall effect: £=0.05 (F = 0.96)

FRU-only solution
Cole etal 1993 i [Rd] 1.9% 0.22 [[0.66, 1.10] N
Subtotal (95% CI) 1.9% 0.22 [-0.66, 1.10] B
Heterogeneity: Mot applicable
Testfor overall effect: £=0.48 (F = 0.63)

GAL-only solution
O'Haraetal 20141 [118] 1.9% 0.34 [0.594,1.22] N =
Subtotal (95% CI) 1.9% 0.34 [-0.54, 1.22] e
Heterogeneity: Mot applicable
Testfor overall effect: =075 (P =0.449)
Total (95% Cl) 100.0% 0.46 [0.32, 0.60] L]
Heterogeneity: Tau?= 0.06; Chi*= 66.20, df= 452 (P = 0.09); F= 21% 54 52 : 5 all

Test for overall effect: £=6.594 (F = 0.00001)

_ ) Favours [control] Favours [experimental]
Test far subgroup differences: Chif= 423, df= 8 (P =052 F=0%

Figure 510: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 53 interventions. Subgroup amalyses show the results with regard to sup-

plementation in six single source carbohydrate only groups {(GL, MD, SUC, MAL, FRU, GAL). The black dia-
mond symbol at the subgroups and at the bottom of the figure represents the standardized mean differen-
ce with the 95% confidence intervals for all interventions following random-effect meta-anmalyses. Studies
or trials that provided insufficient data for subgroup dassification were not induded. Abbreviations: CHO,
carbohydrate; Cl, confidence in-terval; FRU, fructose; GAL, galactose; GL, glucose; IV, inverse variance;
MD, maltodextrin; MAL, maltose; SD, standard deviation; Std, standardized; SUC, sucrose; i-vi denote diffe-
rent intervention arms (trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% ClI IV, Random, 95% CI

Single-source CHO solution
Alghannam 2011 [48] 0.4% 1.67 [0.28, 3.07]
Anastasiou et al. 2004 i [50] 0.9% 0.83[-0.10,1.74] e
Anastasiou et al. 2004 ii [50] 1.0% 0.31 [0.87, 1.20] PP T
Baur et al. 2014 ii [54] 0.8% 085 046, 1.59] P N PR
Baur et al. 2014 iii [54] 0.8% 0.23[0.745,1.21] P [
Bishop et al. 2001 [56] 0.8% 0.89 [-0.09,1.87] 3 P
Burgess et al. 1991 [57] 0.9% 018074, 1.11] E E—
Byrne et al. 2005 [58] 1.3% 0.22 082, 0.497] D EA
Carter et al. 2003 i [A0] 0.7 % 070 [-0.39,1.749] N
Carter et al. 2003 i [B0] 0.8% 0.38 061, 1.37] = Fea
Carter et al. 2004 [A1] 0.8% 0.49[-0.81,1.49] D O
Carter et al. 2004 i [61] 0.8% 0.44 [-0.96, 1.43] I e
Clark et al. 2000 [62] 0.7 % 0.00[-1.0%5, 1.04] T m
Cole etal. 1993 i [F4d] 1.0% 0.22 [-0.66, 1.10] I
Cole etal 2018 [649] 0.5% 396 [262, 5.30]
Currell et al. 2008 [68] 0.4% 285 1[1.14, 3.97]
Cuhamel et al. 2007 [71] 1.3% 0.845[0.10, 1.60] =
El-Saved et al. 1995 [F2] 0.9% 0.67 [-0.38,1.582] o
El-Saved et al. 1997 [F3] 0.8% 016 [-0.82,1.14] PR
Finger etal. 2018 [74] 1.3% 0.04 [[0.73, 0.81] R [
Goedecke et al. 2013 [74] 1.8% 0.39 [-0.21, 0.99] i3 P
Guietal 2017 [20] 1.1% 047 [-0.38,1.32] N T
Heeschetal 2014 1 [31] 0.8% 0.28 [[0.71, 1.26] S
Heesch et al. 2014 ii [31] 0.8% 017 [-0.81,1.19] PR (TR
Heesch et al. 2014 iii [81] 0.8% 0.31 [-0.68, 1.30] — &
Hulston & Jeukendrup 2008 [32] 1.0% 0.60 [-0.40, 1.39] o
by et al. 1983 [B4] 0.9% 0.86 [-0.07, 1.78] = = -
King etal. 20180 [90] 1.0% 0.43 046, 1.32] PR O
King etal. 2018 ii [40] 1.0% 019 [-0.69,1.07] —F
Kingwell et al. 19859 [92] 0.9% 083042, 1.47] T
Learsietal 20190 [93] 0.8% 0.89 [-0.09, 1.87] ) PP
Learsietal 20180 [93] 0.5% 2.31[1.048, 3.57]
Maughan et al. 1989 [96] 0.6% 0.1 [-0.65, 1.6R] N P
Murray et al. 1987 1 [1049] 1.2% Q63 [016,1.42] D P
Murray et al. 1989 0 [106] 1.1% 0.67 [-0.249,1.39] 0 =
Murray et al. 1989 i [106] 1.2% 0.30 040, 1.11] DR A
Murray et al. 1989 iii [106] 1.2% 0.05 [-0.74, 0.84] T
Murray et al. 1991 i [107] 1.0% 0.60 [-0.30, 1.450] 73 PR
Maclerio et al. 2014 [108] 1.0% -0.01 [F0.89, 0.87] R SR
Mewell etal. 20151 [111] 1.7% 0.34 [[0.28, 0.97] 7y =
Mewell etal. 20015100 [111] 1.7% 0.69 [-0.05,1.22] = =
Mewell etal. 20015000 [111] 1.7% 0.62 [-0.02,1.29] | R
Mishibata et al. 1993 [114] 0.7 % -0.20 F1.29, 0.85] ]
Dosthuyse et al. 2015a10i [1148] 0.9% -0.31 [F1.24, 0.62) 1 PN
O'Haraetal 20141 [118] 1.0% 0.34 054, 1.22] R
O'Haraetal 207141 [118] 1.0% -0.28 113, 0063] PR PN
Roberts et al. 2014 6i [123] 0.9% -0.06 [-1.02, 0.90] = i o
Fobson-Ansley et al. 2009 [124] 0.7 % 0.44 [-0.63, 1.450] = [orr o
Smith et al. 200010 [1249] 1.2% 0.41 [-0.40,1.22] T
Smith et al. 20100i [129] 1.1% 0.49 [-0.32,1.31] e =
Smith et al. 20704 [129] 1.1% 065 [-0.18,1.47] 2 P —
Tokmakidis & Karamanolis 2008 [132] 1.1% 0.27 [-0.87,1.11] SO -
“Wan Essen et al. 2006 [138] 1.0% 019 [-0.69,1.07] —F.
Subtotal (95% CI) 51.6% 0.46 [0.32, 0.60] L]
Heterogeneity: Tau®=0.06; Chi*= 6620, df =52 (F=0.09); F= 21%
Test for overall effect: £=6.94 (P = 0.00001)

Double-source CHO solution
Anastasiou et al. 2004 iii [50] 0.9% 1.01 [0.07, 1.96] P —
Baldassarre et al. 2021 [53] 0.8% 0.83 021, 1.86] 2 o
Bauretal 2014 i[54] 0.8% 0.78 [-0.24, 1.80] D PO
Cole etal 19930 [G4] 1.0% 0.23 065, 1.11] P EA
Cole etal. 1993 i [F4] 1.0% 0.21 067, 1.09] B
Currell et al. 2008 ii [68] 0.2% 4 37 [2.37, 6.37]
Hulston & Jeukendrup 2009 [33] 0.8% 1.35 [0.36, 2.34]
Jariis et al. 1999 [24] 1.0% 0.08 [-0.79, 0.96] B e
kang etal. 19945 [37] 0.7 % 0.61 [-0.47, 1.69] PR P
kang et al. 1996 [38] 0.7 % 0.48 [-0.99, 1.59] S P
King et al. 2018 dii [90] 0.9% 0.83[0.10,1.74] e
King etal. 2018 iv [90] 1.0% 068 032, 1.48] I P
King etal. 20190 [91] 1.0% 0.92[0.03,1.81] EEE
King etal. 2019 §i [491] 0.9% 1.09[0.18, 2.00] T R -
King etal. 2019 0ii [91] 1.0% 0.88 [[0.27,1.44] 73 P
McGawley et al. 2012 [100] 1.0% 0.40[-0.43,1.29] T e
Millard-Stafford et al. 1990 [101] 1.0% 014074, 1.02] R
Millard-Stafford et al. 20051 [102] 1.0% 0.60 [-0.39, 1.40] N P
Murray et al. 1987 i [104] 1.1% 1.13[0.29,1.97] ——
Murray et al. 1987 iii [108] 1.0% 1.49 [0.60, 2.37] PR S
Murray etal 1991 §i [107] 1.0% 0.40[-0.49, 1.29] T
Murray et al. 1997 i [107] 1.0% 0.49 [-0.40, 1.38] P e
Costhuyse etal. 201580 [1148] 0.9% 0.07 [-0.86, 0.99] TR R
Costhuyse etal. 20150 [116] 0.8% 015 [-0.83,1.14] DR R
Pettersson et al. 2019 [120] 1.2% -0.06 [-0.86, 0.74] DE PO
Fottier et al. 2010 [121] 1.2% -016 [F0.96, 0.64] T
Filley et al. 1928 [122] 0.9% 016 077, 1.08] R SR
Roberts etal. 2014 1 [123] 0.8% 0.80[-0.47,1.48] PR O SR
Tsintzas etal. 199451 [134] 0.7 % 0130492 117] SURE AT
Wilkher et al. 1992 [141] 0.9% 0.8a [-0.08,1.77] = =
Subtotal (95% CI) 27.3% 0.57 [0.37, 0.76] 4
Heterogeneity: Tau®=0.07; Chi*=38.35, df =28 (F=011); F=24%
Test for overall effect: £= 4569 (F = 0.00001)

Triple-or-more-source CHO solution
Campbell et al. 2008 [59] 1.5% 0.19 [-0.50, 0.89] PR -
Fulcoetal. 2007 i[7a] 0.7 % 0.68 [-0.48, 1.64] R P
Fulcoetal. 2007 ii [74] 0.7 % 043062, 1.48] = [orr o
Funnell et al. 2017 i [TH] 1.5% -0.28 [F0.97, 0.42] = =
Funnell etal. 2017 ii [TH] 1.5% -0.23 092, 0.47] P
Millard-Stafford et al. 20050 [102] 1.0% 062 [-0.29, 1.582] 3 T
Marris et al. 2003 [104] 0.9% -0.31 [F1.24, 062 O PN
Dsterherg et al. 2008 [117] 1.2% 060 [-0.19,1.39] 2 P
Tsintzas etal. 1993 [133)] 0.7 % 014 [-0.91,1.19] = -
Teintzas etal. 1995 0i [134] 0.7 % 0.31 [-0.75, 1.36] T
Tsintzas et al. 1996a [1349] 0.7 % 0.89 016, 1.93] Y PP a—
Tsintzas et al. 19960 i [136] 1.1% 0.49 [-0.36, 1.34] I T
Watson et al. 20120 [140] 1.2% 019 [-0.61, 0.99] T B =
Watson et al. 2012 0i [140] 1.1% 0.69[-0.23,1.41] 0 =
Watson et al. 2012 i [140] 1.1% 060 [-0.22,1.42] % PEE
Watson et al. 2012 iv [140] 1.1% 0.41 [-0.40,1.22] T
Watson et al. 2012w [140] 1.1% 0.41 [-0.40,1.22] I T
Watson et al. 2012 vi [140] 1.1% 063 [-0.19, 1.46] T
Williams et al. 19907 [142] 1.0% 0.27 [-0.60, 1.14] SN P
Williams et al. 19900 [142] 1.0% 0.18 [-0.68, 1.09] —F
Subtotal (95% CI) 21.1% 0.30 [0.11, 0.49] L
Heterogeneity: Tau®=0.00 Chif=11.36, df =19 (F=0491), F=0%
Test for overall effect: £=3.11 (P =0.002)
Total (95% Cl) 100.0% 0.46 [0.36, 0.55] L
Heterogeneity: Taw®=0.04; ChiF=119.81, df =102 (P=011);, F=15% I

=
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Testfor subgroup differences: Chif= 379, df= 2 (F=0.18), F=47 3%

Figure 511: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 103 interventions. Subgroup analyses show the results with regard to sup-
plementation in three carbohydrate solution formulation groups (Single-source CHO solution, Double-sour-
ce CHO solution, Triple-or-more-source GHO solution). The black diamond symbol at the subgroups and at
the bottom of the figure represents the standardized mean difference with the 95% confidence intervals
for all interventions following random-effect meta-analyses. Studies or trials that provided insufficient
data for subgroup dassification were not induded. Abbreviations: CHO, carbohydrate; Cl, confidence
interval; IV, inverse variance; 5D, standard deviation; Std, standardized; i-vi denote different intervention
arms (tri-als) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% Cl IV, Random, 95% Cl

Administration time of CHO supplementation: Prior to or at the beginning of exercise
El-Saved et al. 18997 [73] 0.6% 016 [-0.82,1.14] P R
Funnell etal. 2017 i [TH] 1.0% -0.28 [F0.97, 0.42] A o
Heesch et al. 2014 ii [31] 0.6% 017 [-0.81,1.19] PR R
O'Haraetal 20141 [118] 0.7 % 0.34 054, 1.22] RN
O'Haraetal 20141 [118] 0.7 % -0.258 113, 0.63] PR VNS
Tokmakidis & Karamanolis 2008 [132] 0.8% 0.27 0487, 1.11] N
Walton & Rhodes 1997 [139] 0.7 % 068 [-0.23,1.59] oo P
Subtotal (95% CI) 5.0% 0.12 [-0.21, 0.44] &
Heterogeneity: Tau®=0.00; Chi*=3.74 df=6{FP =071} F=0%
Testfor overall effect: £=0.70(F=0.48)

Administration time of CHO supplementation: During exercise
Ali et al. 2007 [49] 1.0% 0.22 047, 0.92] P EoA
Anastasiou et al. 2004 i [50] 0.7 % 0.83[-0.10,1.74] ) P
Anastasiou et al. 2004 ii [50] 0.7 % 0.31 [0.87, 1.20] -1
Anastasiou et al. 2004 iii [50] 0.6% 1.01 [0.07, 1.96] T
Angus et al. 2000 [51] 0.5% 1.23[0.13, 2.33]
Bailey et al. 2000 i [52] 0.6% 0.67 [-0.38,1.592] N
Bailey et al. 2000 i [52] 0.6% 0.34 059, 1.27] SR [
Baldassarre et al. 2021 [53] 0.5% 0.83 [0.21, 1.86] il e
Below et al. 1994 [54] 0.5% 077 [-0.26, 1.80] T
Bishop et al. 2001 [56] 0.6% 0.89 [-0.09, 1.87] 3 - PE—
Burgess et al. 1991 [47] 0.6% 018 [0.74,1.11] T
Byrne et al. 2005 [58] 0.9% 0.22 0482, 047] TR [
Campbell et al. 2008 [59] 1.0% 0.19 [-0.50, 0.89] DI TR
Carter et al. 2003 i [A0] 0.5% 0.70[-0.39,1.749] N
Carter et al. 2003 i [G0] 0.6% 0.38 [0.61,1.37] = |rm
Carter et al. 20050 [61] 0.6% 0.49[-0.51,1.49] DR o =R
Carter et al. 2004 i [61] 0.6% 0.44 [-0.96, 1.43] ERN
Clark et al. 2000 [G2] 0.5% 0.00[-1.0%,1.09] —=m
Clarke et al. 2011 [63] 0.4% 28001.70, 4.10]
Cole etal. 1993 [G4] 0.7 % 0.23 065, 1.11] T = -
Cole etal. 1993 0 [R4d] 0.7 % 0.22 [-0.66, 1.10] T
Cole atal. 1992 i [64] 0.7 % 021 06T, 1.09] T
Cole etal. 2018 [F49] 0.3% 396 [2.62, 5.30]
Coletta etal. 20131 [HA] 0.8% 0.08 072, 0.88] = =
Coletta et al. 2013 i [66] 0.8% -0.07 [F0.87, 0.73] ol
Cureton et al. 2007 [6T] 1.0% 0.35 [-0.35, 1.09] N
Currell et al. 2008 i [68] 0.3% 285 [1.14, 3.97]
Currell et al. 2008 ii [68] 0.2% 4 37 [2.37, 6.37]
Davis et al. 2000 [69] 0.6% 0.49 [-0.81,1.49] DR PO =R
Desbrow et al. 2004 [70] 0.7 % 0.02 [-0.90, 0.95] ER SR
Duhamel et al. 2007 [F1] 0.9% 0.85 010, 1.60] T
El-Saved et al. 1995 [F2] 0.6% 0.67 [-0.38,1.582] I
Finger etal. 2018 [F4] 0.9% 0.04 073, 0.81] ==
Fulcoetal 2007 i[ra] 0.5% 068 [0.48,1.64] DN
Fulco et al. 2007 ii [749] 0.5% 0.43[-0.62,1.48] % x4
Glace etal. 20191 [F8] 0.7 % 0.28 [-0.60, 1.16] PPN FE
Glace et al. 2019 i [T 8] 0.7 % 0.38 [-0.81, 1.26] DR
Glace et al. 2019 iii [78] 0.7 % 0.38 [[0.81, 1.26] DR s
Glace etal. 2019 iv [78] 0.7 % -0.02 [-0.89, 0.86] R PO
Ui etal. 2017 [30] 0.7 % 0.47 [-0.38, 1.32] N o
Heesch etal 2014 1 [31] 0.6% 0.28 [0.71, 1.26] N
Hulston & Jeukendrup 2008 [32] 0.7 % 0.60 [-0.40, 1.39] N
Hulston & Jeukendrup 2009 [33] 0.6% 1.35 [0.36, 2.35]
by et al. 1983 [B4] 0.6% 0.86 [-0.07, 1.78] T
Jarvis et al. 1994 [B4] 0.7 % 0.08 [-0.79, 0.96] PR T
Jeukendrup et al. 1997 [26] 1.1% 084 F011,1.19] 2 R
kang etal. 19945 [37] 0.5% 0.61 [-0.47, 1.69] PR PR
kang et al. 19496 [38] 0.5% 0.48 [-0.59, 1.454] e [
Khanna & Manna 2005 [849] 0.5% 210096, 3.24]
King etal. 20180 [90] 0.7 % 0.43 046, 1.32] PR U
King etal. 2018 i [490] 0.7 % 019 [-0.69,1.07] T
King et al. 2018 iii [90] 0.7 % 0.83[-0.10,1.74] 2 P
King et al. 2018 iv [90] 0.7 % 0.68 [-0.32,1.48] N
King etal. 20190 [91] 0.7 % 0.92[0.03,1.81] R
King etal. 20180 [41] 0.7 % 1.09[0.18, 2.00] T B
King et al. 2019 dii [91] 0.7 % 0.68 [F0.27,1.44] 7] Pr=-a—
Kingwell et al. 19849 [92] 0.6% 063042, 1.47] I P
Lugo etal. 1993 [94] 0.6% 0.88 010, 1.86] 2 PR
Martinez-Lagunas et al. 2010 [95] 0.8% 069 [-0.14,1.42] 0 P
Maughan et al. 1989 [96] 0.4% 0.81 [-0.65, 1.6R] = = =
McConell et al. 1996 [97] 0.5% 1.02 [-0.04, 2.08] '
McConell et al. 1999 [93] 0.5% 0.897 [-0.08, 2.03] T
McConell et al. 2000 [99] 0.9% -0.08 [-0.85, 0.69] T
MeGawley et al. 2012 [100] 0.7 % 0.40[-0.48,1.29] DR e
Millard-Stafford et al. 1990 [101] 0.7 % 014 [-0.74,1.02] — T
Millard-Stafford et al. 20051 [102] 0.7 % 0.60 [-0.39, 1.40] o IS
Millard-Stafford et al. 20050 [102] 0.7 % 0.62 [-0.29,1.582] 7) P
Millard-Stafford et al. 2007 [103] 1.0% 0.34 [-0.36, 1.04] o =
Marris et al. 2003 [104] 0.6% 0.3 F1.24, 062 =
Murray et al. 1987 1 [1049] 0.8% 063016, 1.42] D P
Murray et al. 1987 i [104] 0.8% 1.131[0.29,1.97] E—
Murray et al. 1987 i [108] 0.7 % 1.49 [0.60, 2.37] PR S
Murray et al. 1989 1 [106] 0.8% 067 [-0.25,1.39] % =
Murray et al. 1989 i [106] 0.8% 0.30 [-0.480,1.11] DR TR
Murray et al. 1989 iii [106] 0.8% 0.05 [-0.74, 0.84] T =
Murray et al. 1991 i [107] 0.7 % 0.60 [-0.30, 1.450] 73 P —
Murray et al 1991 §i [107] 0.7 % 0.40[-0.49, 1.249] DR
Murray et al. 1997 §ii [107] 0.7 % 0.49 [-0.40, 1.38] N
Massifetal 2014 [109] 0.7 % -0.66 [-1.56, 0.24] = = |8
Massis etal 1998 [110] 0.7 % -010[F1.02,0.83] I
Micholas et al. 1995 [112] 0.6% 0.85[-0.40,1.449] I P
Mikolopoulos et al. 2004 [113] 0.6% 0.34 [-0.65, 1.33] R [
Mishibata et al. 1993 [114] 0.5% -0.20 [F1.249, 0.84] - P
Costhuyse etal. 2015a 0 [1148] 0.7 % 0.07 [-0.86, 0.99] DR (TR
Costhuyse etal. 2015a10i [1148] 0.6% -0.31 [F1.24, 062 R P
Dsterherg et al. 2008 [117] 0.8% 0.60[-0.19,1.39] i P
o'Mealetal. 2013 [114] 1.7% 0.10 [-0.36, 0.56] 1T
Rilley et al. 1988 [122] 0.6% 016 [-0.77F, 1.08] T
Robson-Ansley et al. 2009 [124] 0.5% 0.44 [-0.63, 1.50] % [z 4
Smith et al. 200010 [129] 0.8% 0.41 [-0.40,1.22] I
Smith et al. 2000 0i [129] 0.8% 0.49[-0.32,1.31] N
Smith et al. 2070 iii [129] 0.8% 0659 [-0.18,1.47] 1 P —
Steiner et al. 2009 [130] 0.7 % 0.07 [-0.85, 1.00] DR (TR
Sun etal 20148 [131] 0.6% 0.62 [-0.39, 1.63] T
Tsintzas etal. 1993 [133)] 0.5% 014 [-0.91,1.19] ER R
Tsintzas etal. 199451 [134] 0.5% 0130492 117] PURE AT
Teintzas etal. 1995 0i [134] 0.5% 0.31 [-0.75, 1.36] I
Tsintzas et al. 1996a [1349] 0.5% 0.89 016, 1.93] Y FEE-rE—
Tsintzas et al. 19960 i [136] 0.7 % 0.49 [-0.36, 1.34] N P
Tsintzas et al. 1996h i [136] 0.8% 0.37 [-0.48,1.21] PN
Uitter et al. 2002 [137] 2.1 % 0.04 [-0.36, 0.43] =
“an Essen et al. 2006 [138] 0.7 % 019 [-0.69,1.07] T
Wilkher et al. 1992 [141] 0.7 % 0.8a [-0.08,1.77] = =
Williams et al. 19907 [142] 0.7 % 0.27 [-0.60, 1.14] PPN FEI
Willlams et al. 19901 [142] 0.7 % 0.18 [-0.68, 1.04] T
Subtotal (95% CI) 72.4% 0.47 [0.37, 0.58] ]
Heterogeneity: Taw®=0.07; ChiF=139.00, df=104 (P =0.01); F= 25%
Testfor overall effect: £=9.23 (F = 0.00001)

Administration time of CHO supplementation: Late in exercise
Heesch et al. 2014 iii [B1] 0.6% 0.31 [-0.68, 1.30] I
Subtotal (95% CI) 0.6% 0.31 [-0.68, 1.30] e
Heterogeneity: Mot applicable
Test for overall effect: £=0.61 (F=0.54)

Administration time of CHO supplementation: Prior to or at the beginning & during exercise
Acker-Hewitt et al. 2012 [47] 0.7 % 0.09[-0.79, 0.97] PR T
Alghannam 2011 [48] 0.3% 1.67 [0.28, 3.07]
Bauretal 2014 i[54] 0.5% 0.78 [-0.259, 1.80] T
Baur et al. 2014 ii [24] 0.6% 0.85 [-0.46, 1.54] P NP
Baur et al. 2014 iii [54] 0.6% 0.23[-0.745,1.21] R
Funnell etal. 2017 ii [TH] 1.0% -0.23 092, 0.47] Py o
Ganio etal. 2010 [F7] 0.9% 042 [-0.33,1.17] = =
Goedecke et al. 2013 [79] 1.3% 0.39 [-0.21, 0.99] e
Learsietal 20190 [93] 0.6% 0.89 [-0.09,1.87] 3 P
Learsietal 20190 [93] 0.4% 231 [1.048, 3.457]
Maclerio et al. 2014 [108] 0.7 % -0.01 [F0.89, 0.87] R S
Mewell etal. 20151 [111] 1.2% 0.34 [[0.28, 0.97] 7y
Mewell etal. 2005100 [111] 1.2% 0.69 [-0.048,1.22] o
Mewell etal. 200151000 [111] 1.2% 0.62 [-0.02,1.29] | P
Dosthuyse etal. 20150 [116] 0.6% 015 [-0.83,1.14] TR R
FPettersson et al. 2019 [120] 0.8% -0.06 [-0.86, 0.74] DR PO
Pottier et al. 2010 [121] 0.8% -0.16 [F0.96, 0.64] — 1
Roberts etal. 2014 1 [123] 0.6% 0.680[-0.47,1.48] DR e =
Foberts et al. 2014 4i [1235] 0.6% -0.06 [-1.02, 0.90] — T
Robson-Ansley et al. 2011 [1248] 0.6% 016 [-0.76, 1.09] A
Follo & Williams 2009 [126] 0.6% 0.28 [0.71, 1.26] N
Follo & Williams 2010 [127] 0.7 % -0.06 [F0.93, 0.82] = e 4
Rolloetal. 2011 [128] 0.7 % 0.40[-0.49, 1.29] DR e
Watson et al. 20120 [140] 0.8% 019 [-0.61, 0.99] T =
Watson et al. 2012 40i [140] 0.8% 0.69[-0.23,1.41] % P
Watson et al. 2012 i [140] 0.8% 060 [-0.22,1.42] % FoE I
Watson et al. 2012 iv [140] 0.8% 0.41 [-0.40,1.22] I
Watson et al. 2012 v [140] 0.8% 0.41 [-0.40,1.22] I
Watson et al. 2012 wi [140] 0.8% 0.63[-0.19, 1.46] T
Subtotal (95% CI) 22.0% 0.37 [0.22, 0.52] L ]
Heterogeneity: Tau®= 0.00; Chi*= 2555, df =28 (F=060); F=0%
Testfor overall effect: £=4.70(F = 0.00001)
Total (95% Cl) 100.0% 0.43 [0.35, 0.51] '
Heterogeneity: TauF=0.04; ChiF=172.38, df=141 (P =004 F=18% 14 12 !

Test for overall effect: £=10.31 (P = 0.00001)
Testfor subgroup differences: Chif=4.85, df=3{(P=018), F=382%

2 4
5 [experimental]

Favours [control] Favour

Figure 512: Forest plot shows the effects of experimental carbohydmate supplementation as compared to control on exercise outco-
me for 142 interventions. Subgroup amalyses show the results with regard to supplementation in four carbohydrate administration
time groups (Prior to or at the beginning, During, Prior to or at the beginning + during, Late in exercise). The black diamond symbol
at the subgroups and at the bottom of the figure represents the standardized mean difference with the 95% confidence intervals
for all interventions following mndom-effect meta-analyses. Studies or trials that provided insufficient data for subgroup classifi-
cation were not induded. Abbreviations: CHO, carbohydrate; Cl, confidence interval; IV, inverse variance; 8D, standard deviation;
std, standardized; i-vi denote different intervention arms (trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% Cl IV, Random, 95% Cl
Temperature of CHO supplement administration: Cool (<18°C)
e et al. 1983 [34] 3.3% 0.86 [0.07,1.78]
Murray et al. 1939 i [106] 4 2% 0.87 [0.24,1.39] =
Murray et al. 1989 i [106] 4 3% 0.30 050, 1.11] K
Murray et al. 1939 i [106] 4.4% 0.05 [0.745, 0.89] R A
Murray et al. 1991 i [107] 3.4% 0.60 [-0.30, 1.480] B
Murray et al. 1951 §i [107] 3.5% 0.40[0.49,1.29] G -
Mureay et al. 19971 i [107] 3.5% 0.49 [-0.40,1.38] X B
Massifetal 2014 [109] 3.4% -0.66 [-1.56, 0.24] T
Massis etal 19938 [110] 3.3% -010[-1.02, 0.83] - I
Mewwell etal. 200150 [111] 7.2% 0.34 [0.28, 0.97] X o
Mewell etal. 20180 [111] A.9% 0.9 [-0.05,1.23] I
Mewwell et al. 200150 [111] f.9% 062 [0.02,1.29]
Mishibata et al. 1993 [114] 2.8% -0.20[-1.25, 0.84] TR
O'Meal etal. 2013 [114] 13.1% 0.10 [0.36, 0.56] S
Subtotal (95% Cl) 69.8% 0.30 [0.10, 0.50] [ ]

Heterogeneity: Tau®=0.00 Chif=1117, df =13 (F=0.60); F=0%
Testfor overall effect: £= 2.94 (P =0.003)

Temperature of CHO supplement administration: Neutral (18-26"C)

Duharmel et al. 2007 [71] 4.9% 0.85 [0.10, 1.60] e
Vatson et al. 2012 i [140] 4.3% 0.19 [-0.61,0.99] ——
Watson et al. 2012 i [140] 4.1% 0,509 [-0.23,1.41] T—
VWatson et al. 2012 iii [140] 4.1% 0.60[0.22,1.47] T
Watson et al. 2012 iv [1 40] 4.3% 0.41 [-0.40,1.27] —T—
Watson et al. 2012 v [140] 4.3% 0.41 [-0.40,1.22] —I—
Watson et al. 2012 vi [140] 4.1% 0.63[-0.19, 1.46] —
Subtotal (95% Cl) 30.2% 0.53 [0.23, 0.84] xS

Heterogeneity: Tau®=0.00; Chi*=1.65 df=6 (F=044); F=0%
Testfor overall effect: £= 3.43 (P = 0.0006)

Total (95% Cl) 100.0% 0.37 [0.20, 0.54] ¢
Heterogeneity: Tau®= 0.00; Chi*= 14 37, df= 20 (P = 0.81); F= 0% 54 52 z 5 i
Testfor overall eﬂ’ec.t: Z=4.341F q 0.0001) Favours [control] Favours [experimental]
Test for subgroup differences: Chif=1.96, df=1{P=0.21), F=35.7%

Figure 513: Forest plot shows the effects of experimental carbohydrate supplementation as compared to con-
trol on exercise outcome for 21 interventions. Subgroup amalyses show the results with regard to supplemen-
tation in two temperature of supplement administration groups [Cool {< 15°C), Neutral {(15-26°C)]. The black
diamond symbol at the subgroups and at the bottom of the figqure represents the standardized mean differen-
ce with the 95% confidence intervals for all interventions following random-effect meta-analyses. Studies or
trials that provided insufficient data for subgroup classification were not included. Abbreviations: CHO, car-
bohvdrate; Cl, confidence interval; IV, inverse variance; 5D, standard deviation; Std, standardized; i-vi denote
different intervention arms (trials) within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
GL:FRU solution
Baldassarre et al. 2021 [53] 1.5% 0.83 [-0.21, 1.86] ) -
Bauretal 2014 i [54] 1.5% 0.78 [-0.2%5, 1.80] N
Cole etal. 1993 0ii [F4] 21% 0.21 067, 1.09] I
currell et al. 2008 i [62] 0.4% 4 37 [2.37, 6.37]
Hulston & Jeukendrup 2009 [33] 1.6% 1.35[0.36, 2.34]
King et al. 2018 iii [90] 1.9% 0.83[-0.10,1.74] S I
King etal. 2018 iv [90] 2.0% 0.68 0.32,1.48] = -
King etal. 20190 [91] 2.0% 0.92[0.03, 1.81] =
King etal. 2019 i [81] 1.9% 1.09[0.18, 2.00] TP A
King etal. 2019 0ii [91] 2.2% 0.68 027, 1.44] 5 -
Millard-Stafford et al. 1990 [101] 2.1% 014 [-0.74,1.02] DR
Murray et al. 1987 iii [108] 2.0% 1.49 [0.60, 2.37] T Per v
Rilley et al. 1988 [122] 1.9% 016 [-0.7F, 1.08] DR <SR
Subtotal (95% CI) 23.1% 0.80 [0.53, 1.06] L 2
Heterogeneity: Chif= 2245 df=12(FP=003); F=47%
Testfor overall effect: £=5.92 (F = 0.00001)
GL:SUC solution
Coleetal 199320 [64] 2.1% 023 065, 1.11] =T
kang etal. 19945 [37] 1.4% 0.61 [-0.47, 1.69] T
kang et al. 19496 [38] 1.4% 0.48 [-0.569, 1.54] S
Millard-Stafford et al. 20050 [102] 2.0% 0.50 [-0.39,1.40] IS
Murray et al. 1987 i [104] 2.3% 1.131[0.29,1.97] w T
FPottier et al. 2010 [121] 2.8% -0.16 [F0.96, 0.64] = =
Wilkher et al. 1992 [141] 1.9% 0.85 [-0.08,1.77] T = =
Subtotal (95% CI) 13.5% 0.50 [D.16, 0.85] &
Heterogeneity: Chi*=5.72, df= 6 (F = 0.46); F=0%
Test for overall effect: £=2.86 (F = 0.004)
GL:MD solution
Jarmvis et al. 1994 [85] 2.1% 0.08 -0.79, 0.96] R
Subtotal (95% CI) 2.1% 0.08 [-0.79, 0.96] i
Heterogeneity: Mot applicable
Testfor overall effect: £=0.19 (F = 0.849)
MD:FRU solution
MeGawley et al. 2012 [100] 2.0% 0.40[-0.43,1.29] o
Dosthuyse etal. 2015a 0 [1148] 1.9% 0.07 [-0.86, 0.99] PP
Dosthuyse etal. 20150 [116] 1.7% 014 [-0.83,1.14] = e
Pettersson et al. 2019 [120] 2.8% -0.06 [-0.86, 0.74] = 7
Roberts etal. 2014 1 [123] 1.7% 0.580[-0.47, 1.48] o I
Subtotal (95% CI) 0, 7% 0.20 [-0.21, 0.60] P
Heterogeneity: Chi==1.07, df=4 (F = 0.90); F=0%
Test for overall effect: £=0.95 (P =0.34)
MD:DEX solution
Murray et al 1991 §i [107] 2.0% 0.40[-0.49,1.29] o
Murray et al. 1997 §ii [107] 2.0% 0.49 [-0.40, 1.38] oS R
Subtotal (95% CI) 4.0% 0.45 [-0.18, 1.08] -
Heterogeneity: Chi==0.02, df=1 (F=0.89); F=0%
Testfor overall effect: £=1.39{F = 0.16)
MD: SUC solution
Tsintzas etal. 19951 [1 34] 1.5% 013092 117] = ;.
Subtotal (95% CI) 1.5% 0.13 [-0.92,1.17] -
Heterogeneity: Mot applicable
Testfor overall effect: £=0.23 (F=0.81)
GL:MD:FRU solution
Fulcoetal 2007 i[ra] 1.4% 0.68 [-0.48, 1.64] PP IR
Fulco et al. 2007 ii [749] 1.5% 0.43[-0.62,1.48] O
Millard-Stafford et al. 20050 [102] 2.0% 0.62 [-0.29,1.592] T
Tsintzas etal. 19950 [134] 1.4% 0.31 [-0.74, 1.36] DR S
Subtotal (95% CI) 6.3% 0.50 [-0.01, 1.00] g
Heterogeneity: Chif=0.23, df=3 (P=0487), F=0%
Testfor overall effect: £=1.92 (P = 0.049)
GL:MD:DEX solution
Marris et al. 2003 [104] 1.8% -0.31 F1.24, 062 ol I
Subtotal (95% CI) 1.8% 0.31 [-1.24, 0.62] -
Heterogeneity: Mot applicable
Test for overall effect: £= 0.66 (F=0.51)
GL:SUC:FRU solution
Campbell et al. 2008 [59] 3.3% 0.19 [-0.40, 0.89] Py
Dsterherg et al. 2008 [117] 2 6% 0.60[-0.19,1.39] ) —
Watson et al. 20120 [140] 2.8% 019 [-0.61, 0.99] )
Watson et al. 2012 i [140] 2.4% 0.69[-0.23,1.41] B I
Watson et al. 2012 i [140] 2.4% 0.60[-0.22,1.42] b =S
Watson et al. 2012 iv [140] 2.4% 0.41 [-0.40,1.22] DR I
Watson et al. 2012 v [140] 2.4% 0.41 [-0.40,1.22] [
Watson et al. 2012 wi [140] 2.4% 0.63[-0.19, 1.46] 2 N
Subtotal (95% CI) 20.3% 0.44 [0.16, 0.72] &
Heterogeneity: Chif=1.590, df=7 (F=0.498); F=0%
Test for overall effect: £= 3.08 (F = 0.002)
GL:MD:MAL:Saccharides solution
Tsintzas et al. 1996a [134] 1.5% 0.89 [-0.16, 1.93] 0 I —
Tsintzas et al. 19960 i [136] 2.2% 0.49 [-0.36, 1.34] o I
Subtotal (95% CI) 3.7% 0.65 [-0.01, 1.31] L
Heterogeneity: Chi==0.33, df=1 (F = 0.56); F=0%
Test for overall effect: £=1.93 (P = 0.09)
SUC:MD:lsoMAL
Funnell et al. 2017 i [TH] 3.3% -0.28 [F0.97, 0.42] =
Funnell etal. 2017 ii [FH] 3.3% -0.23 [F0.92, 0.47] =
Subtotal (95% CI) 6.6% 0.25 [-0.74, 0.24] il
Heterogeneity: Chi==0.01, df=1 {(F=0.893) F=0%
Testfor overall effect: £=1.00(F =0.32)
Unclear source CHO solution
Anastasiou et al. 2004 iii [50] 1.8% 1.01 [0.07, 1.96] = =
Tsintzas etal. 1993 [133)] 1.5% 014 [-0.91,1.19] PR
Williams et al. 19907 [142] 2.1% 0.27 [-0.60,1.14] T
Willlams et al. 19901 [142] 2.1% 018 [-0.68, 1.04] T
Subtotal (95% CI) 7.5% 0.40 [-0.06, 0.86] -
Heterogeneity: Chi*= 219, df=3(F=0.483) F=0%
Test for overall effect: £=1.69 (F = 0.09)
Total (95% Cl) 100.0% 0.44 [0.32, 0.57] L]
Heterogeneity: Chi®= 5360, df= 49 (F =030} IF= 4% 54 52 ] 5 jl

Testfor overall effect: £=6.88 (F = 0.00001)

_ ) Favours [control] Favours [experimental]
Test for subgroup differences: Chif= 2008, df=11 (F=004), F=45.2%

Figure S14: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 50 interventions. Subgroup analyses show the results with regards to sup-
plementation in twelve MTC groups (GL:FRU, GL:5UC, GL:MD, MD:FRU, MD:DEX, MD:5UC, GL:MD:FRU,
GL:MD:DEX, GL:SUGC:FRU, GL:MD:MAL:5accharides, SUG:MD:lsoMAL, Unclear CHO substances mixture).
The black diamond symbol at the subgroups and at the bottom of the figure represents the standardized
mean difference with the 95% confidence intervals for all interventions following fixed effects meta-amaly-
ses. Studies or trials that provided not sufficient data for subgroup classification were not induded. Abbre-
viations: CHO, carbohydrate, Cl, confidence interval; DEX, dedrose; FRU, fructose; GAL, galactose; GL,
glucose; IV, inverse variance; MD, maltodextrin; MAL, maltose; MT G, multiple transportable carbohydrate;
SD, standard deviation; Std, standardized; SUC, sucrose; i-vi denote different in-terrention arms (trials)
within the same study



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI

CHO supplementation in Cool enviroment (<18°C)
Jarvis et al. 1999 [85] 1.0% 0.08 [-0.79, 0.96] S
McGanley et al. 2012 [100] 1.0% 0.40[-0.43,1.29] T e
Murray et al 1991 1 [107] 0.9% 0.60 [-0.30, 1.450] 3 PR
Murray et al. 19971 §i [107] 1.0% 0.40 [-0.49 1.29] R
Murray et al 1997 i [107] 1.0% 0.49 [-0.40, 1.38] P e
Pettersson et al. 2019 [120] 1.1% -0.06 [-0.86, 0.7 4] Da T I
Follo &Williams 2009 [126] 0.8% 0.28 071, 1.26] S
Rollo & Williams 2010 [127] 1.0% -0.06 [-0.93, 0.82] PO PO
Watson et al. 20120 [140] 1.1% 019 [-0.61, 0.99] PN L
Watson et al. 2012 0i [140] 1.1% 089 -0.23,1.41] Y P
Watson et al. 2012 i [140] 1.1% 0.60[-0.22,1.42] 0 PR
Subtotal (95% CI) 11.0% 0.32 [0.06, 0.58] L g
Heterogeneity: Tau®= 000 Chif=3.40 df=10(F =097 F=0%
Testfor overall effect: £= 238 (F=0.02)

CHO supplementation Neutral enviroment (18-26°C)
Acker-Hewitt et al. 2012 [47] 1.0% 0.09[-0.79, 0.97] PR P
Alghannam 2011 [48] 0.5% 1.67 [0.28, 3.07]
Angus et al. 2000 [51] 0.7 % 1.23[0.13, 2.33]
Bailey et al. 2000 i [52] 0.9% 0.87 [-0.38, 1.52] N P=—
Bailey et al. 2000 ii [52] 0.9% 0.34 [-0.69,1.27] PP [
Bishop et al. 2001 [56] 0.8% 0.89 [-0.09,1.87] ) PP
Burgess et al. 1991 [47] 0.9% 018 [0.74,1.11] R F—
Campbell et al. 2008 [59] 1.3% 0.19 [-0.80, 0.89] P -
Cole etal 19930 [G4] 1.0% 0.23[-0.65,1.11] = =
Cole etal. 1993 i [F4] 1.0% 0.22 [-0.66, 1.10] I
Cole etal. 1993 0ii [F4] 1.0% 0.21 067, 1.09] I
Caole etal. 2018 [649] 0.5% F.96 [2.62, 5.30]
Currell et al. 2008 i [68] 0.5% 288 [1.14, 3.97]
Currell et al. 2008 ii [62] 0.2% 4 37 [2.37, 6.37]
Desbrow et al. 2004 [F0] 0.9% 0.02 [-0.90, 0.95] PR ER—
Duhamel et al. 2007 [71] 1.2% 0.85[0.10, 1.60] =
El-Saved et al. 19945 [F2] 0.9% 0.687 [-0.38, 1.52] I
El-Saved et al. 1997 [F3] 0.8% 016 [-0.82,1.14] PR
Finger etal. 2018 [74] 1.2% 0.04 [-0.73, 0.81] R [
Guietal. 2017 [30] 1.0% 0.47 [-0.38,1.32] I T
Heeschetal 20141 [31] 0.8% 0.28 [-0.71, 1.26] R P
Heesch et al. 2014 i [31] 0.3% 017 [-0.81,1.19] PR (TR
Heesch et al. 2014 iii [81] 0.8% 0.31 [-0.68, 1.30] — &
Jeukendrup et al. 1997 [B6] 1.4% 0.54 [-0.11,1.19] 2 P
Khanna & Manna 2005 [249] 0.7 % 210[0.96, 3.24]
Kinowell et al. 19859 [92] 0.9% 053042, 1.47] T
Learsietal 20190 [93] 0.8% 0.89 [-0.09,1.87] ) PP
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Figure 515: Forest plot shows the effects of experimental carbohydrate supplementation as compared to
control on exercise outcome for 102 interventions. Subgroup analyses show the results with regard to am-
bient conditions in two thermal condition groups [Cool {= 15°C), Neutral {15-26°C), Heat {= 26°C)]. The
black diamond symbol at the subgroups and at the bottom of the figure represents the standardized mean
difference with the 95% confidence intervals for all interventions following random-effect meta-analyses.
Studies or trials that provided insufficient data for subgroup classification were not included. Abbrevia-
tions: CHO, carbohydrate; Cl, confidence interval; IV, inverse variance; 5D, standard deviation; Std, stan-
damdized; i-vi denote different in-tervention arms (trials) within the same study
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