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Supplementary Figure S2 (A) Funnel plot of all included studies for changes in muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S2 (B) Funnel plots of studies with (left) or without (right) resistance training for changes in muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S2 (C) Funnel plots of studies with participants aged under 60 (left) or 60 and over (right) for changes in muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S2 (D) Funnel plots of studies with female (left) or male (right) participants for changes in muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S2 (E) Funnel plots of studies with baseline protein intake less than 1.0 g/kg/day (left) or 1.0 g/kg/day and over (right) for changes in muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S2 (F) Funnel plots of studies with added protein intake less than 0.5 g/kg/day (left) or 0.5 g/kg/day and over (right) for changes in muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S2 (G) Funnel plots of studies with trial period less than than 3 months (left) or 3 month and over (right) for changes in muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S2 (H) Funnel plots for changes in isokinetic (top left), isometric (top right) or isotonic (bottom center) muscle strength.
A random-effects model was used. Abbreviations: MD, mean difference between groups; SE, standard error.

[image: ][image: ]
Supplementary Figure S2 (I) Funnel plots for changes in upper-body (left) or lower-body (right) muscle strength.
A random-effects model was used. 
Abbreviations: MD, mean difference between groups; SE, standard error.
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Supplementary Figure S3 Forest plot assessing the effect of protein supplementation on changes in muscle strength (1/5)
A random-effects model was used. Abbreviations: SD, Standard Deviation; CI, confidence interval; RT, resistance training.
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Supplementary Figure S3 Forest plot assessing the effect of protein supplementation on changes in muscle strength (2/5)
A random-effects model was used. Abbreviations: SD, Standard Deviation; CI, confidence interval.
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Supplementary Figure S3 Forest plot assessing the effect of protein supplementation on changes in muscle strength (3/5)
A random-effects model was used. Abbreviations: SD, Standard Deviation; CI, confidence interval.
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Supplementary Figure S3 Forest plot assessing the effect of protein supplementation on changes in muscle strength (4/5)
A random-effects model was used. Abbreviations: SD, Standard Deviation; CI, confidence interval; RT, resistance training.
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Supplementary Figure S3 Forest plot assessing the effect of protein supplementation on changes in muscle strength (5/5)
A random-effects model was used. Abbreviations: SD, Standard Deviation; CI, confidence interval.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean [%] SD [%] Total Mean[%] SD [%] Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
2.1.1 with RT
Rankin 2004 [1] 361 123 10 335 13 9 05% 260[-801,1321] 2004 -
Candow 2006 [2] (soy) 237 6.4 9 134 67 9 13% 10.30[4.25,16.35] 2006 I
Candow 2006 [2] (whey) 263 68 9 134 67 9 12% 12.90([6.66,19.14] 2006 —_
Candow 2006 [3] (post-RT) 24 19 10 25 19 10  0.2% -1.00[-17.65,15.65] 2006 R
Candow 2006 [3] (pre-RT) 295 21 9 25 19 10  02% 4.50[-13.58,22.58] 2006 S e
Kerksick 2006 [4] 76 10.5 10 35 1.5 1" 0.7% 4.10[-5.31,13.51] 2006 T
Cribb 2007 [5] 223 6.8 5 53 6.6 7 09% 17.00[9.29,24.71] 2007 I
Hartman 2007 [6] (milk) 773 19.7 18 61.4 251 19 03%  15.90([1.40,30.40] 2007
Hartman 2007 [6] (soy) 672 268 19 614 2561 19 02% 5.80[-10.71,22.31] 2007 —
Hoffman 2007 [7] 122 711 6.9 65 10 13%  5.30[-0.52,11.12] 2007 —
Iglay 2007 8] 34 187 14 28 17 18  04%  6.00[-6.56,18.56] 2007 -
Hoffman 2009 [9] (a.m./p.m.) 5.1 77 13 6.4 5.8 7 1.3% -1.30[-7.30,4.70] 2009 T
Hoffman 2009 [9] (pre/post-RT) 8 75 13 6.4 58 7 1.3% 1.60[-4.32,7.52] 2009 T
Hulmi 2009 [10] 20.5 9.3 1" 18.9 1.4 10  07% 1.60 [-7.35, 10.55] 2009 I
Verdijk 2009 [11] 3 10.8 13 255 10.8 13 0.8% 5.50 [-2.80, 13.80] 2009a T
Bemben 2010 [12] 40.9 73 1 35.9 68 10 13%  5.00[-1.03,11.03] 2010 —
Josse 2010 [13] 709 138 10 609 135 10 04% 10.00[-1.97,21.97] 2010 T
Arazi 2011 [14] 77 13.6 20 43 15.8 20  0.7% 3.40[-5.74,12.54] 2011 T
Deibert 2011 [15] 26.8 1.5 13 215 8.1 13 0.9% 5.30[-2.35, 12.95] 2011 T
Erskine 2012 [16] 269 15.6 17 28 141 16  06% -1.10[-11.24,9.04] 2012 —
Famfield 2012 [17] (old) 40.2 201 9 348 202 9 02% 5.40[-13.22,24.02] 20120 —
Fanfield 2012 [17] (young) 421 21 8 421 124 8 02% 0.00[-16.90, 16.90] 2012a —
Tieland 2012 [18] 273 15.1 26 257 15 25  0.8% 1.60 [-6.66, 9.86] 2012a -
Weinheimer 2012 [19] (20g) 129 10.9 81 14.3 11 84  23% -1.40 [-4.74, 1.94] 2012a
Weinheimer 2012 [19] (40g) 16.9 15.1 25 14.3 1 84 12% 2.60[-3.77,8.97] 2012a
Weinheimer 2012 [19] (60g) 14.6 12.2 30 14.3 1 84 1.6% 0.30 [-4.66, 5.26] 2012a
Weisgarber 2012 [20] 20.8 14.4 9 14 225 8 02% 6.80[-11.41,25.01] 2012a —
Amarson 2013 [21] 122 128 75 12 1.6 66 2.0% 0.20[-3.83,4.23] 2013 T
Chalé 2013 [22] 342 302 42 24 266 38 04% 1020[-2.25, 2265 2013 T—
Herda 2013 [23] 237 104 22 238 8.6 21 1.4% -0.10[-5.79, 5.59] 2013 T
Leenders 2013 [24] (female) 40 104 12 45 208 12 04% -5.00[-18.16,8.16] 2013 1
Leenders 2013 [24] (male) 44 116 15 41 15 14  06% 3.00[-6.81, 12.81] 2013 -1t
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Experimental

Control

Mean Difference

Mean Difference

Study or Subgroup Mean [%] SD [%] Total Mean [%] SD [%] Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Volek 2013 [25] (soy) 50.8 15.1 22 48.6 19.3 22 0.6% 2.20[-8.04, 12.44] 2013a -1
Volek 2013 [25] (whey) 40.9 10.5 19 48.6 19.3 22 07% -7.70[-17.05, 1.65] 2013a B

Babault 2014 [26] (casein) 14.2 10.9 22 19.5 104 24 12% -5.30[-11.47,0.87] 2014 -

Babault 2014 [26] (whey) 15.1 10 22 19.5 10.4 24 1.3% -4.40[-10.30,1.50] 2014 T

Farup 2014 [27] 124 116 11 19 116 11 06% -6.60[-16.29,3.09] 2014 e
Figueroa 2014 [28] (casein) 288 149 11 229 184 11 03%  590[8.09,19.89] 2014 1T
Figueroa 2014 [28] (whey) 205 172 11 229 184 11 03%  6.60[-8.28 21.48] 2014 —

Gryson 2014 [29] 31 49 9 1.1 55 9 17% 2.00[-2.81,6.81] 2014 T

Mori 2014 [30] 73 6 12 26 1.8 12 09% 4.70 [-2.79, 12.19] 2014a T
Negro 2014 [31] 276 242 12 30.7 246 14 0.2% -3.10[-21.90, 15.70] 2014a I E—
Babault 2015 [32] (pea) 252 14.7 47 248 16.4 44 12% 0.40[-6.01,6.81] 2015 -
Babault 2015 [32] (whey) 26.1 17.3 46 248 16.4 44 1.0% 1.30[-5.66, 8.26] 2015 T
Hulmi 2015 [33] 124 86 22 10.2 75 21 17% 220[-2.62,7.02) 2015 T
Ormsbee 2015 [34] (casein) 304 131 14 249 14 10 05% 550[-5.56, 16.56] 2015a T
Ormsbee 2015 [34] (whey) 257 121 13 249 14 10 05% 0.80[-10.09, 11.69] 2015a T
Snijders 2015 [35] 247 10 20 19.4 9.2 19 13% 5.30[-0.73, 11.33] 2015a T
Maltais 2016 [36] 16.4 8.2 8 18.8 14.4 10 05% -240[-12.98,8.18] 2016 -1
Paoli 2016 [37] 16.9 10.3 9 17.3 9.2 9 07% -0.40[-9.42,8.62] 2016 i
Reidy 2016 [38] (blend) 343 237 21 288 215 18 03%  5.50[-8.69,19.69] 2016 T
Reidy 2016 [38] (whey) 291 205 18 288 215 18 03% 0.30[-13.42 14.02] 2016 1
Taylor 2016 [39)] 123 6.1 8 82 59 6 12%  4.10[-2.24,10.44] 2016a T
Thomson 2016 [40] (dairy) 11 128 34 154 159 23  09% -4.30[-12.09, 3.49] 2016b e
Thomson 2016 [40] (soy) 9 1.1 26 15.4 15.9 23 0.9% -6.40[-14.17,1.37] 2016¢c /T

Hwang 2017 [41] 224 13.2 " 19.5 9.5 9 06% 2.90[-7.07,12.87) 2017 -1
Rossato 2017 [42] 9.5 8.2 " 8.5 13.3 12 07% 1.00 [-7.95, 9.95] 2017a I
Mitchell 2018 [43] 47 20 15 31 217 15 03% 1.60[-13.33,16.53] 2018a 1T
Nabuco 2018 [44] (post) 9 35 21 75 25 23 31% 1.50 -0.31, 3.31] 2018a r
Nabuco 2018 [44] (pre) 87 33 22 75 25 23 31% 1.20[-0.52,2.92] 2018a "

Orsatti 2018 [45] 258 142 16 178 132 16 06%  8.00[-150, 17.50] 2018a T
Sharp 2018 [46] (beef) 16.5 1.1 10 11.9 10.2 10 07% 4.60 [-4.74, 13.94] 2018a T
Sharp 2018 [46] (chichen) 14.4 9.6 1" 11.9 10.2 10 0.8% 2.50[-5.99, 10.99] 2018a -1
Sharp 2018 [46] (whey) 163 114 10 119 102 10 06% 4.40[-5.08,13.88] 2018a -
Sugihara Junior 2018 [47] 96 8.6 15 5.9 9.1 16 1.2% 3.70[-2.53,9.93] 2018a T
Centner 2019 [48] 10.2 248 " 48 1.4 1" 0.3% 5.40[-10.73,21.53] 2019 RN B —
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean [%] SD [%] Total Mean[%] SD [%] Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Centner 2019 [48] 102 248 11 48 114 11 03% 540[-10.73,21.53] 2019 B e—
Nabuco 2019 [49] 78 8.9 13 6.5 72 13 12% 1.30[-4.92,7.52] 2019a -
Nahas 2019 [50] 76 8.1 22 77 8.4 25 17% -0.10 [-4.82, 4.62] 2019a T
Atherton 2020 [51] 227 135 9 1.4 8.2 9 06% 11.30[0.98,21.62] 2020 —
Duarte 2020 [52] 14.4 171 4 15.8 23 4 0.1% -1.40[-29.49,26.69] 2020 D

Forbes 2020 [53] (WPC, female) 13.2 6 6 131 10.1 5 06% 0.10[-9.97, 10.17] 2020 I
Forbes 2020 [53] (WPC, male) 8.9 6.9 5 6 7 5 08% 2.90[-5.72,11.52] 2020 "_
Forbes 2020 [53] (WPI, female) 13 8.4 5 131 101 5 05% -0.10[-11.61,11.41] 2020 1
Forbes 2020 [53] (WP, male) 48 75 5 6 7 5 07% -1.40[-10.39,7.59] 2020

Krull 2020 [54] 329 406 24 26.3 36.4 33 02% 6.60[-13.85,27.05] 2020 —

Lamb 2020 [55] 347 44.5 20 10.9 316 19  0.1% 23.80[-0.33,47.93] 2020a

Dulac 2021 [56] (casein) 17.8 1.5 20 18.5 16 19 07% -0.70 [-9.48, 8.08] 2021 I
Dulac 2021 [56] (whey) 208 222 21 18.5 16 19 04%  230[-9.61,14.21] 2021a 1T
McKenna 2021 [57] 26.9 243 28 232 233 22 04% 3.70[-9.56, 16.96] 2021a I
Sexton 2021 [58] (female) 42.2 15.1 18 45.3 15.7 16 06% -3.10[-13.48,7.28] 2021a A
Sexton 2021 [58] (male) 27 247 4 35.4 127 8 0.1% -8.40[-34.16,17.36] 2021b - 1
Griffen 2022 [59] (with RT) 237 8.5 9 217 10.8 9 07% 2.00[-6.98, 10.98] 2022 -1
Subtotal (95% CI) 1402 1476  66.6% 2.01[1.09, 2.93] (]
Heterogeneity: Tau? = 2.28; Chi? = 96.49, df = 81 (P = 0.12); P = 16%

Test for overall effect: Z = 4.30 (P < 0.0001)
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Experimental

Control

Mean Difference

Mean Difference

Study or Subgroup Mean [%] SD [%] Total Mean [%] SD [%] Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
2.1.2 without RT

Castaneda 1995 [60] 1.1 10.1 6 -0.8 8.3 6 06% 11.90[1.44,22.36] 1995

Shinkai 2009 [61] (faller) 1.3 12 16 0.7 20.8 15  04% 10.60[-1.46,22.66] 2009 T
Shinkai 2009 [61] (geriatric) =31 15.8 22 3 14.5 20 07% -6.10[-15.26,3.06] 2009 /T
Aleman-Mateo 2012 [62] 0.9 9.5 20 0.1 9.4 20 1.3% 0.80 [-5.06, 6.66] 2012 -T—

Hida 2012 [63] 8.5 8.5 15 9.9 8.8 15 12% -1.40 [-7.59, 4.79] 2012a -
Tieland 2012 [64] 115 209 34 75 20.5 3 0.6% 4.00 [-6.07, 14.07] 2012a T
Aleman-Mateo 2014 [65] -06 108 49 -45 108 49 19% 3.90[-0.38,8.18] 2014 "_
Zhu 2015 [66] 129 383 93 122 416 88 05% 070[-10.97,12.37] 2015 .
Niccoli 2017 [67] 36.5 66.8 22 75 18 25 01%  29.00[0.21,57.79] 2017a -
Ottestad 2017 [68] 27 8.1 17 22 9.1 18  1.4% 0.50 [-5.20, 6.20] 2017a T
Vorup 2017 [69] 13 18.6 13 -3.9 16.7 16 04% 5.20 [-7.81, 18.21] 2017a 1T
Bhasin 2018 [70] 4.8 49 16 6.1 45 15 23% -1.30 [-4.61,2.01] 2018a T

Park 2018 [71] (1.2g) 6.1 12 40 8.9 9.7 40 17% -2.80 [-7.58, 1.98] 2018b -T

Park 2018 [71] (1.5g) 79 12 40 8.9 9.7 40 1.7% -1.00 [-5.78, 3.78] 2018b T
Bartholomae 2019 [72] 18 10.7 " -3.2 9.1 14 09% 5.00[-2.92,12.92] 2019 T
Drotningsvik 2019 [73] 0 222 12 -125 188 9 02% 1250[-5.07,30.07] 2019 T

Jonvik 2019 [74] 11 83 30 24 83 26 1.8% -1.30[-5.66, 3.06] 2019 1

Ten Haaf 2019 [75] 6 10.5 58 6 9.8 56 21% 0.00[-3.73,3.73] 2019a

Bjérkman 2020 [76] -10.3 16.4 65 -8.3 14.6 63  1.5% -2.00[-7.38, 3.38] 2020

Boutry-Regard 2020 [77] 6.3 18.6 15 5.1 12.8 12 04% 1.20[-10.68, 13.08] 2020

Kim 2021 [78] (evening) 0.3 19.1 9 -10 13.9 10 0.3% 10.30[-4.86,25.46] 2021

Kim 2021 [78] (morning) 2.2 6.5 10 78 7.4 " 1.3% -10.00 [-15.95,-4.05] 2021

Li 2021 [79] (blend) 05 73 3 2 84 30 20% -1.50 [-5.45, 2.45] 2021

Li 2021 [79] (soy) 16 77 03 2 84 30 20% -0.40 [-4.45,3.65] 2021

Li 2021 [79] (whey) 08 76 3 2 84 30 20% -280[6.82122 2021

Mertz 2021 [80] (collagen) 0.9 13.8 44 52 14.3 34 12% -4.30[-10.60,2.00] 2021a

Mertz 2021 [80] (whey) -1 1.5 44 52 14.3 34 13% -6.20[-12.09,-0.31] 2021a

Nygard 2021 [81] 121 1.1 28 24 1.4 20 12% 9.70[3.23, 16.17] 2021a

Ullevig 2021 [82] 215 31 16 69 225 13 02% 14.60[-4.90,34.10] 2021a

Griffen 2022 [59)] (without RT) 75 142 9 29 77 9 05%  4.60[-5.95 15.15] 2022

Subtotal (95% CI) 847 799 33.4% 0.13 [-1.53, 1.79]

Heterogeneity: Tau” = 8.85; Chi* = 56.79, df = 29 (P = 0.002); I* = 49%

Test for overall effect:

015(P =

.88)
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Experimental Control Mean Difference
Study or Subgroup Mean [%] SD [%] Total Mean[%] SD [%] Total Weight IV, Random, 95% Cl Year

Mean Difference
IV, Random, 95% CI

Total (95% ClI) 2249 2275 100.0% 1.40 [0.55, 2.24]

N

Heterogeneity: Tau® = 5.20; Chi* = 164.20, df = 111 (P = 0.0008); I* = 32%
Test for overall effect: Z = 3.24 (P = 0.001)
Test for subgroup differences: Chiz = 3.78, df = 1 (P = 0.05), I? = 73.5%
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