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Supplementary Figure 1 — Risk of bias analysis of all studies included in
the meta-analysis. (+) — Circles filled in green = Low risk of bias; (?) —
Circles filled in yellow = Unclear risk of bias; (-) — Circles filled in red =
High risk of bias.
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Supplementary Figure 2 — Summary of risk of bias analysis showing the percentage of studies
with potential unclear or high risk of selection, performance, detection, attrition, reporting, or
other bias.



Lean body mass gain with additional protein ingestion by resistance exercise enrolment
Study - Group Weight SMD [95% CI]

RCT with Resistance Exercise

Amasene et al. 2019 - Group: Protein Group 0.98% 0.31[-0.41, 1.04]
Antonio et al. 2014 - Group: High Protein + 0.94% 0.26 [-0.49, 1.00]
Antonio et al. 2015 - Group: HP ——q 1.48% -0.00[-0.59, 0.58]
Aristizabal et al. 2015 - Group: Soy —=— 1.43% -0.30[-0.89, 0.29]
Aristizabal et al. 2015 - Group: Whey [—-—| 1.29% 0.61[-0.02, 1.23]
Arnarson et al. 2013 - Group: Whey protein '—.—| 3.90% -0.15[-0.48,0.17]
Bridge et al. 2019 — Group: GY —= 0.97% 0.67 [-0.06, 1.40]
Brown et al. 2004 - Group: Soy ] 0.60% 0.97[0.03, 1.90]
Brown et al. 2004 - Group: Whey : 059% 1.06[0.12,2.01
Burke et al. 2001 - Group: Whey X 0.75% 0.99[0.16, 1.83]
Candow et al. 2006a - Group: S (say) ] 068% 015[-0.73,1.03]
Candow et al. 2006a — Group: W (whey) |_-_| 0.64% 0.65[-0.26, 1.55]
Candow et al. 2006b — Group: PRO-A - 0.74% 0.09[-0.75, 0.93]
Candow et al. 2006b — Group: PRO-B - 0.71% 0.05[-0.81,0.91
Chale et al. 2013 - Group: Whey = 248% 0.06[-0.38, 0.49]
Coburn et al. 2006 — Group: SUPP - 0.83% 0.19[-0.60, 0.98]
Deibert et al. 2011 — Group: RTS + 0.93% 0.21 [-0.54, 0.96]
Dulac et al. 2020 - Group: S-PROT+MPT (casein) |—-—| 1.33% 0.15[-0.47,0.77]
Dulac et al. 2020 - Group: F-PROT+MPT (whey) |—-—4| 1.37% 0.04 [-0.57, 0.65]

Eliot et al. 2008 — Group: Whey protein
Erskine et al. 2012 — Group: PRO
Gryson et al. 2014 — Group: PRO10
Gryson et al. 2014 — Group: PRO10t
Gryson et al. 2014 - Group: TMP 10t
Hartman et al. 2007 - Group: Milk

[ —
1
Hartman et al. 2007 - Group: Soy 1.30% 0.06 [-0.56, 0.68]
Haun et al. 2018 — Group: Soy . 1.06% -0.01[-0.70, 0.69]
Haun et al. 2018 — Group: Whey 1.12% -0.01[-0.69, 0.66]
——
P
]
A

0.77% 0.18 [-0.65, 1.00]
1.15% 0.05[-0.61, 0.72]
070% 0.32[-0.54, 1.19]
0.64% 0.28[-063, 1.19]
067% 0.35[-0.54, 1.24]
1.26% 028[-0.36,091

Herda et al. 2013 — Group: BWPMV 1.39% 0.00 [-0.60, 0.60]
Herda et al. 2013 — Group: SWPMV 1.45% -0.02[-0.61,0.57]
Hida et al. 2012 — Group: Prot 1.06% —0.03 [-0.73, 0.66]
Hoffman et al. 2007 — Group: PR 0.72% 0.74[-0.11, 1.59]
Hoffman et al. 2009 - Group: AM/PM 0.68% 027 [-0.61, 1.16]
Hoffman et al. 2009 - Group: PRE/POST 0.68% 0.11[-0.77, 0.99]
Iglay et al. 2009 - Group: HP

Kerksick et al. 2006 — Group: WC

Kim et al. 2014 — Group: RE+HP diet
Kirmse et al. 2019 — Group: COL
Leenders et al. 2013 - Group: Protein(M)
Leenders et al. 2013 - Group: Protein(W)
Lockwood et al. 2017 - Group: WPC
Lockwood et al. 2017 - Group: WPC-L
Lockwood et al. 2017 - Group: WPH
Maesta et al. 2007 — Group: SPE

Mobley et al. 2017 - Group: SPC

Mobley et al. 2017 — Group: WPC
Mobley et al. 2017 — Group: WPH
Nabuco et al. 2018 — Group: PLA-WP
Nabuco et al. 2018 — Group: WP-PLA
Nabuco et al. 2019b - Group: PRO
Naclerio et al. 2017a — Group: Beef
Naclerio et al. 2017a — Group: Whey
Naclerio et al. 2017b - Group: Beef
Naclerio et al. 2017b - Group: Whey

067% 041[-0 46: 1.30]
0.68% 0.18[-0.70, 1.06]

Nahas et al. 2019 - Group: HP |—-—A-‘_._‘ 153% -0.43[-1.00, 0.14]
Nakayama et al. 2020 - Group: MILK R 335% 052[0.16, 0.89]
Negro et al. 2014 - Group: FG ] 0.87% 0.73[-0.04, 1.50]
Obradovic et al 2020 - Group: WP | ———a— 0.74% 0.09 [-0.75, 0.93]
Oertzen-Hagemann et al. 2019 — Group: COL p—_——] 0.80% 1.03[0.22, 1.84]
Ormsbee et al. 2018 — Group: PRO =] 1.67% 0.33[-0.22, 0.87]
Orsatti et al. 2018 — Group: SOY+RT F—=— 1.11% -0.33[-1.00, 0.35]
Ozan et al. 2020 - Group: PR P 064% 1.14[0.23, 2.05]
Paoli et al. 2015 — Group: HP l——-—' 0.67% 0.27[-0.62, 1.15]
Pihoker et al. 2019 — Group: POST P 0.83% 0.49[-0.31, 1.28]
Pihoker et al. 2019 — Group: PRE —— 0.82% 0.57[-0.23, 1.37]
Planella-Farrugia et al. 2019 - Group: RENS ,::” 0.80% 0.17 [-0.64, 0.98]
Rankin et al. 2004 - Group: MILK + 0.73% 0.19[-0.65, 1.04]
Reidy et al. 2016 - Group: PB T 0.25% 0.21[-1.27, 1.69]
Reidy et al. 2016 - Group: WP | rem—— 0.25% 0.06 [-1.42, 1.54]
Rossato et al. 2017 - Group: HP | e ar— 0.84% 0.09[-0.70, 0.88]
Rozenek et al. 2002 - Group: CHO —=— 139% 090[0.30, 1.51
Rozenek et al. 2002 - Group: CHO/PRO |—-—| 169% -0.16 [-0.70, 0.38]
Sharp et al. 2018 — Group: Beef : 0.74% 0.05[-0.79, 0.89]
Sharp et al 2018 — Group: Chx '::{ 077% 0.01[-081. 084
Sharp et al. 2018 — Group: WPC P 0.74% 0.09[-0.75, 0.93]

Snijders et al. 2015 - Group: PRO

Spillane et al. 2016 - Group: HPC

Taylor et al. 2016 - Group: WP

van Dongen et al. 2020 — Group: Intervention
Vangsoe et al. 2018 - Group: Pro

Verdijk et al. 2009 - Group: Protein

Volek et al. 2013 — Group: Soy

Volek et al. 2013 — Group: Whey |_._q 1.33% 0.61[-0.01, 1.23]
Walker et al. 2010 — Group: WPL I-—-—{ 0.98% 059[-0.14,1.31
Watanabe et al. 2018 — Group: APP-RT |—.—| 0.90% -0.03[-0.79, 0.73]
Weisgarber et al. 2012 — Group: PRO P 0.64% 0.03[-0.87, 0.94]
Willoughby et al. 2007 — Group: PRO . | | 0.40% 243[1.27, 3.59]
RE Multi-Level Model for Subgroup (Q = 88.77, df = 86, p = 0.398; |* = 6.24%) : ’ 0.22[0.14, 0.30]

RCT without Resistance Exercise

Aleman-Mateo et al. 2014 - Group: IG/HD+RCH 161% 045[-0.11,1.00]
Bartholomae et al. 2019 — Group: PRO 0.88% 0.24 [-0.52, 1.01]
Maesta et al. 2007 — Group: SP 0.77% -0.17 [-1.00, 0.69]

186% 063012, 114]
124% 021 [-0.86, 0.43]
090% 0.07 [-069, 083]

0.21 [-0.15, 0.58]

Norton et al 2016 - Group: Pro
Ottestad et al. 2017 - Group: Protein
Watanabe et al. 2018 — Group: APP-CN

RE Multi-Level Model for Subgroup (Q = 6.36, df = 6, p = 0.384; 2= 25.06%)

10000% 022[0.15,0.30]

RE Multi-level model (Q = 94.69, df = 92, p = 0.403; Overall 2= 6.67%)
Test for Subgroup Differences: Qy =2.28,df =1, p =0.13

Standardized Mean Difference

Supplementary Figure 3 — Forest plot showing results of the three-level random-effects meta-analysis of
studies testing the effects of ingesting additional protein on adults' lean body or muscle mass, including or not
a resistance exercise program.



Lean body mass gain with resistance exercise plus protein ingestion by Age
Study - Group Weight SMD [95% CI]

Less than 65 years old

Antonio et al. 2014 - Group: High Protein
Antonio et al. 2015 - Group: HP
Aristizabal et al. 2015 - Group: Soy
Aristizabal et al. 2015 - Group: Whey
Bridge et al. 2019 - Group: GY

Brown et al. 2004 - Group: Soy

Brown et al. 2004 - Group: Whey

Burke et al. 2001 - Group: Whey
Candow et al. 2006a - Group: S (soy)
Candow et al. 2006a - Group: W (whey)
Candow et al. 2008b - Group: PRO-A
Candow et al. 2006b - Group: PRO-B
Coburn et al. 2006 - Group: SUPP 0.90% 0.19 [-0.60, 0.98]
Deibert et al. 2011 - Group: RTS 1.00% 0.21[-0.54, 0.96]

——
——
=,
i
——
——
—
Erskine et al. 2012 - Group: PRO |—-—| 1.23% 0.05[-0.61,0.72]
P
=
=
——
B
p——

1.01% 0.26[-0.49, 1.00]
159% -0.00 [-0.59, 0.58]
156% -0.30 [-0.89, 0.29]
139% 061(-0.02,1.23]
1.05% 067 [-0.06, 1.40]
0.65% 0.97[0.03, 1.80]
064% 1.06[0.12, 2.01]
0.80% 0.99[0.16, 1.83]
0.73% 0.15(-0.73,1.03]
069% 0.65[-0.26, 1.55]
080% 0.09[-0.75,0.93]
0.76% 0.05[-0.81, 0.91]

Gryson et al. 2014 - Group: PRO10 0.75% 0.32[-0.54, 1.19]
Gryson et al. 2014 - Group: PRO10t 0.69% 0.28 [-0.63, 1.19]
Gryson et al. 2014 - Group: TMP10t 0.72% 0.35[-0.54, 1.24]
Hartman et al. 2007 - Group: Milk 1.35% 0.28 [-0.36, 0.91]
Hartman et al. 2007 - Group: Soy 1.40% 0.06 [-0.56, 0.68]
Haun et al. 2018 - Group: Soy 1.14% -0.01[-0.70, 0.69]
Haun et al. 2018 - Group: Whey 1.21% -0.01[-0.69, 0.66]
Herda et al. 2013 - Group: BWPMV 1.50% 0.00 [-0.60, 0.60]
Herda et al. 2013 - Group: SWPMV 1.66% -0.02[-0.61, 0.57]
Hida et al. 2012 - Group: Prot 1.14% -0.03[-0.73, 0.66]
Hoffman et al. 2007 - Group: PR 0.78% 0.74 [-0.11, 1.59]
Hoffman et al. 2009 - Group: AM/PM 0.73% 0.27[-0.61, 1.16]
Hoffman et al. 2009 - Group: PRE/POST 0.73% 0.11[-0.77,0.99]
Kerksick et al. 2006 - Group: WC 0.82% 0.36 [-0.47, 1.19]
Kim et al. 2014 - Group: RE+HP diet 0.63% 1.10[0.15, 2.05)
Kirmse et al. 2019 - Group: COL 1.99% 0.32[-0.20, 0.83]
Lockwood et al. 2017 - Group: WPC 1.06% 0.15[-0.57, 0.87]
Lockwood et al. 2017 — Group: WPC-L 1.14% 0.11 [-0.58, 0.81]
Lockwood et al. 2017 - Group: WPH 1.06% 0.12 [-0.61, 0.84]
Maesta et al. 2007 - Group: SPE 0.96% 0.00[-0.76, 0.76]
Mobley et al. 2017 - Group: SPC 1.13% 0.21[-0.49,0.91]
Mobley et al. 2017 - Group: WPC 1.21% 0.08 [-0.60, 0.75]
Mobley et al. 2017 - Group: WPH 1.11% 0.03 [-0.68, 0.73]
Naclerio et al. 2017a - Group: Beefl 0.66% 0.17 [-0.75, 1.10]
Naclerio et al. 2017a - Group: Whey 066% 0.18[-0.75, 1.11]
Naclerio et al. 2017b - Group: Beef 0.72% 0.41[-0.48, 1.30]
Naclerio et al. 2017b - Group: Whey 0.73% 0.18[-0.70, 1.06]
Nahas et al. 2019 - Group: HP 165% -0.43[-1.00,0.14]
Negro et al. 2014 - Group: FG 0.94% 0.73 [-0.04, 1.50]
Obradovic et al 2020 - Group: WP 0.80% 0.09[-0.75, 0.93]
Oertzen-Hagemann et al. 2019 - Group: COL 0.86% 1.03[0.22, 1.84]
Ormsbee et al. 2018 - Group: PRO 1.80% 0.33 [-0.22, 0.87]
Orsatti et al. 2018 - Group: SOY+RT 1.20% -0.33[-1.00, 0.35]
Ozan et al. 2020 - Group: PR 0.68% 1.14[0.23, 2.05]
Paoli et al. 2015 - Group: HP 072% 0.27[-062, 1.15]

——
—
e —
——
——
——
——
——
. |—'—|
Pihoker et al. 2019 - Group: POST ———q 0.89% 0.49 [-0.31, 1.28]
b——
| e
| e |
A
——
—=—
—
——
H——
——
——

Pihoker et al. 2019 - Group: PRE 0.88% 0.57 [-0.23, 1.37)
Rankin et al. 2004 - Group: MILK 0.79% 0.19[-0.65, 1.04]
Reidy et al. 2016 - Group: PB 027% 021[-1.27,1.69]
Reidy et al. 2016 — Group: WP 027% 0.06[-1.42, 1.54]
Rossato et al. 2017 - Group: HP 0.90% 0.09 [-0.70, 0.88]
Rozenek et al. 2002 - Group: CHO 1.50% 0.90[0.30, 1.51]
Rozenek et al. 2002 - Group: CHO/PRO 1.82% -0.16 [-0.70, 0.38]
Sharp et al. 2018 - Group: Beef 0.80% 0.05[-0.79, 0.89]
Sharp et al. 2018 - Group: Chx 0.83% 0.01[-0.81, 0.84]
Sharp et al. 2018 - Group: WPC 0.80% 0.09 [-0.75, 0.93]
Snijders et al. 2015 - Group: PRO 1.43% 0.20 [-0.41, 0.82]
Spillane et al. 2016 - Group: HPC 0.80% 0.55[-0.29, 1.39]
Taylor et al. 2016 - Group: WP 041% 1.78[0.59, 2.97]
Vangsoe et al. 2018 - Group: Pro 0.73% 0.14 [-0.74, 1.02]

Volek et al. 2013 - Group: Soy 1.68% -0.30 [-0.88, 0.29]

Volek et al. 2013 - Group: Whey —— 143% 0.61[-0.01,1.23]
Walker et al. 2010 - Group: WPL ] 1.06% 0.59 [-0.14, 1.31]
Weisgarber et al. 2012 — Group: PRO —— 069% 0.03 [-0.87,0.94]

Willoughby et al. 2007 - Group: PRO : —_ 043% 243[1.27,359]
RE Multi-Level Model for Subgroup (Q = 78.16, df = 69, p = 0.211; I* = 8.09%) : 0.26 [0.16, 0.35]

65 years old or older

Amasene et al. 2019 - Group: Protein Group
Arnarson et al. 2013 - Group: Whey protein

Chale et al. 2013 - Group: Whey

Dulac et al. 2020 - Group: S-PROT+MPT (casein)
Dulac et al. 2020 - Group: F-PROT+MPT (whey)
Eliot et al. 2008 - Group: Whey protein

Iglay et al. 2009 - Group: HP 133% 0.18 [-0.46, 0.82)
Leenders et al. 2013 - Group: Protein(M) 1.10% 0.11 [-0.60, 0.82]

¢
—
i
——
I
——
Leenders et al. 2013 - Group: Protein(W) |—-— 0.94% 0.06 [-0.71, 0.84]
[
|-=—
HH
——
——
L4
¢

1.06% 0.31[-0.41, 1.04]
4.24% -0.15[-0.48, 0.17]
268% 0.06 [-0.38, 0.49]
143% 0.15[-0.47, 0.77]
147% 0.04 [-0.57, 0.65]
0.83% 0.18 [-0.65, 1.00]

Nabuco et al. 2018 - Group: PLA-WP 1.59% 0.23[-0.35, 0.81]
Nabuco et al. 2018 - Group: WP-PLA 1.63% 0.20(-0.37,0.77]
Nabuco et al. 2019b - Group: PRO 1.13% 0.28[-0.42, 0.98]
Nakayama et al. 2020 - Group: MILK 3.64% 0.52[0.18, 0.89]
Planella-Farrugia et al. 2019 - Group: RENS 086% 0.17 [-0.64, 0.98]
van Dongen et al. 2020 - Group: Intervention 477% 0.10 [-0.20, 0.40]
Verdijk et al. 2009 - Group: Protein 1.01% 0.10[-0.64, 0.84]
Watanabe et al. 2018 - Group: APP-RT 0.97% -0.03[-0.79, 0.73]

RE Multi-Level Model for Subgroup (Q = 8.51, df = 16, p = 0.932; I = 6.16%) 0.14 [-0.01, 0.28]

RE Multi-level model (Q = 88.77, df = 86, p = 0.398; Overall I = 6.24%) 100.00% - 022[0:14,0301

Test for Subgroup Differences: Qy = 1.88, df = 1, p = 0.17

Standardized Mean Difference

Supplementary Figure 4 — Forest plot showing results of the three-level random-effects meta-analysis of
studies testing the effects of ingesting additional protein on adults' lean body or muscle mass of subjects
categorized by age < 65 or > 65 years old in studies including a resistance exercise program.



Bench strength gain with resistance exercise and additional protein ingestion

Study - Group Weight SMD [95% CI]

Antonio et al. 2015 - Group: HP —=— 267% -014[-0.72, 044]
Bridge et al. 2019 - Group: GY —=— 2.09% 0.67[-0.06, 1.40]
Burke et al. 2001 - Group: Whey —=—q 1.87% -0.29[-1.09, 0.50]
Candow et al. 2006a — Group: S (soy) e 1.51% 0.91[-0.02, 1.84]
Candow et al. 2006a — Group: W (whey) —aq 1.42% 1.24[0.27, 220]
Candow et al. 2006b - Group: PRO-A —e— 172% -0.32[-1.16, 053]
Candow et al. 2006b - Group: PRO-B ] 1.68% 0.12[-0.74, 0.98]
Herda et al. 2013 - Group: BWPMV —=— 231% 0.02[-065, 069]
Herda et al. 2013 - Group: SWPMV —=— 259% 0.00[-0.60, 0.60]
Hida et al. 2012 - Group: Prot - 2.64% -0.01[-0.60, 0.58]
Hoffman et al. 2007 - Group: PR =] 219% -0.20[-0.90, 0.50]
Hoffman et al. 2009 - Group: AM/PM e 1.75% 0.45[-0.38, 1.28]
Hoffman et al. 2009 - Group: PRE/POST [ —— 163% -0.15[-1.03, 0.73]
Kerksick et al. 2006 — Group: WC e 1.63% -0.16[-1.04, 0.72]
Kirmse et al. 2019 — Group: COL —a—y 177% 0.27 [-0.56, 1.10]
Lockwood et al. 2017 - Group: WPC = 298% 010[-042, 062]
Lockwood et al. 2017 - Group: WPC-L —— 211% 0.00[-0.72, 0.72]
Lockwood et al. 2017 — Group: WPH —a—] 220% 0.00[-070, 0.70]
Mobley et al. 2017 - Group: SPC —=— 2.14% 0.28[-0.44, 0.99]
Mobley et al. 2017 - Group: WPC —— 2.15% 0.09[-0.62, 0.80]
Mobley et al. 2017 - Group: WPH —— 228% 010[-058, 0.77]
Nabuco et al. 2018 - Group: WP-PLA —a— 274% 044[-027, 1.14]
Nabuco et al. 2018 - Group: WP-PLA —=— 342% 0.18[-0.40, 0.75]
Naclerio et al. 2017a - Group: Beef == 2.67% 0.18[-0.41, 0.76]
Naclerio et al. 2017a - Group: Whey |—-—| 1.51% 0.11[-0.82, 1.03]
Nahas et al. 2019 - Group: HP |—-—+ 151% -0.16[-1.09, 0.77]
Negro et al. 2014 - Group: FG —=— 2.72% -0.45[-1.02, 0.12]
Obradovic et al 2020 - Group: WP b——————— 042% 587[387 787]
Oertzen-Hagemann et al. 2019 - Group: COL —=—q 2.01% -0.34[-1.09, 042]
Orsatti et al. 2018 - Group: SOY+RT b—a— 1.91% 0.67[-0.11, 1.45]
Pihoker et al. 2019 - Group: POST = 172% 1.20[0.35, 2.04]
Pihoker et al. 2019 - Group: PRE —s— 242% -0.07[-0.71, 0.57]
Rankin et al. 2004 - Group: MILK = 177% 097[0.15, 1.80]
Reidy et al. 2016 - Group: PB —= 1.72% 0.11[-0.74, 0.95]
Reidy et al. 2016 - Group: WP —m— 255% -0.14[-0.75, 0.47]
Rossato et al. 2017 - Group: HP —a— 2.42% -0.28[-092, 0.36]
Rozenek et al. 2002 - Group: CHO | 2.82% 052[-0.03, 1.07]
Rozenek et al. 2002 - Group: CHO/PRO —=—q 1.83% -0.60[-1.41, 021]
Sharp et al. 2018 - Group: Beef b 174% 020[-064, 1.04]
Sharp et al. 2018 - Group: Chx ——q 174% 014[-0.71, 098]
Sharp et al. 2018 - Group: WPC —a— 2.72% 0.08[-0.49, 0.65]
Snijders et al. 2015 - Group: PRO = 1.78% 0.22[-060, 1.05]
Taylor et al. 2016 - Group: WP — 1.16% 1.32[0.22, 243]
Vangsoe et al. 2018 - Group: Pro = 1.33% -154[-256,-053]
Volek et al. 2013 - Group: Soy —=— 267% -0.02[-0.60, 0.56]
Volek et al. 2013 - Group: Whey —=— 251% 0.65[0.03, 1.27]
Walker et al. 2010 - Group: WPL —=— 211% 044[-028, 1.16]
Weisgarber et al. 2012 - Group: PRO = 1.52% 0.55[-0.37, 1.48]
Willoughby et al. 2007 - Group: PRO S — 121% 2.03[096, 3.11]
RE Multi-level model (Q = 105.10, df = 48, p = 0.000; Overall I* = 39.37%) * 100.00% 0.18[0.04. 032]
[ I I I I I 1
-4 -2 0 2 4 6 8

Standardized Mean Difference

Supplementary Figure 5 — Forest plot showing results of the three-level random-effects meta-analysis of
studies testing the effects of ingesting additional protein and resistance exercise on adults' bench press strength.



Lower body strength gain with additional protein ingestion by enrolment in resistance exerise training

Study - Group

Weight SMD [95% CI]

RCT with Resistance Exercise

Aas et al. 2020 - Group: ST - Leg extension

Antonio et al. 2015 = Group: HP = Squat

Arnarson et al. 2013 - Group: Whey protein - Leg extension
Babault et al. 2014 - Group: Micellar Casein Protein - Leg extension
Babault et al. 2014 - Group: Soluble Milk Protein — Leg extension
Bridge et al. 2019 - Group: GY - Leg extension

Bridge et al. 2019 - Group: GY - Leg curl

Burke et al. 2001 - Group: Whey - Squat

Burke et al. 2001 - Group: Whey - Leg extension

Burke et al. 2001 - Group: Whey - Leg curl

Campbell et al. 2018 - Group: High PRO - Squat

Candow et al. 2006a - Group: S (soy) - Squat

Candow et al. 2006a - Group: W (whey) - Squat

Candow et al. 2006b - Group: PRO-A - Leg Press
Candow et al. 2008b - Group: PRO-B - Leg Press

Chale et al. 2013 - Group: Whey — Leg Press

Chale et al. 2013 - Group: Whey - Leg extension

Chale et al. 2013 - Group: Whey - Leg extension

Coburn et al. 2006 - Group: SUPP - Leg extension

Dulac et al. 2020 - Group: S-PROT+MPT (casein) - Leg extension
Dulac et al. 2020 - Group: F-PROT+MPT (whey) - Leg extension
Farup et al. 2014 - Group: eccentric + WHD - Isometric knee extension torque
Gryson et al. 2014 - Group: PRO10 - Leg extension
Gryson et al. 2014 - Group: PRO10t - Leg extension
Gryson et al. 2014 - Group: TMP10t - Leg extension
Hartman et al. 2007 - Group: Milk - Leg Press

Hartman et al. 2007 - Group: Milk - Leg extension
Hartman et al. 2007 - Group: Milk - Leg curl

Hartman et al. 2007 - Group: Soy - Leg Press

Hartman et al. 2007 - Group: Soy - Leg extension

Hartman et al. 2007 - Group: Soy - Leg curl

Herda et al. 2013 - Group: BWPMV - Leg Press

Herda et al. 2013 - Group: SWPMV - Leg Press

Hida et al. 2012 - Group: Prot - Leg extension

Hida et al. 2012 - Group: Prot - Leg curl

Hida et al. 2012 - Group: Prot - Squat

Hoffman et al. 2007 - Group: PR - Squat

Hoffman et al. 2009 - Group: AM/PM - Squat

Hoffman et al. 2009 - Group: PRE/POST - Squat

Kerksick et al. 2008 - Group: WC - Leg Press

Kirmse et al. 2019 - Group: COL - Isometric knee extension torque
Kirmse et al. 2019 - Group: COL - Squat

Leenders et al. 2013 - Group: Protein(M) - Leg extension
Leenders et al. 2013 - Group: Protein(W) - Leg extension
Lockwood et al. 2017 - Group: WPC — Squat

Lockwood et al. 2017 - Group: WPC-L - Squat

Lockwood et al. 2017 - Group: WPH - Squat

Moaobley et al. 2017 — Group: SPC - Squat

Mabley et al. 2017 — Group: WPC - Squat

Mabley et al. 2017 - Group: WPH - Squat

Mori et al. 2018 - Group: EX+PRO - Leg extension

Nabuco et al. 2018 - Group: PLA-WP - Leg extension
Nabuco et al. 2018 - Group: PLA-WP - Leg extension
Naclerio et al. 2017a - Group: Beef - Squat

Naclerio et al. 2017a - Group: Whey - Squat

Nahas et al. 2019 - Group: HP - Leg extension

Nakayama et al. 2020 - Group: MILK - Leg extension
Nakayama et al. 2020 - Group: MILK - Knee flexor strength
Negro et al. 2014 — Group: FG - Leg Press

Obradovic et al. 2020 - Group: WP - Squat
Oertzen-Hagemann et al. 2019 - Group: COL - Squat
Orsatti et al. 2018 - Group: SOY+RT - Leg extension
Pihoker et al. 2019 - Group: POST - Leg Press

Pihoker et al. 2019 - Group: PRE - Leg Press

Rankin et al. 2004 - Group: MILK - Leg Press

Rankin et al. 2004 - Group: MILK - Leg extension

Reidy et al. 2016 - Group: PB - Squat

Reidy et al. 2016 - Group: PB - Leg extension

Reidy et al. 2016 - Group: WP - Squat

Reidy et al. 2016 - Group: WP - Leg extension

Rossato et al. 2017 - Group: HP - Leg extension

Rozenek et al. 2002 - Group: CHO - Leg Press

Rozenek et al. 2002 - Group: CHO/PRO - Leg Press
Snijders et al. 2015 - Group: PRO - Leg Press

Snijders et al. 2015 - Group: PRO - Leg extension

Spillane et al. 2016 - Group: HPC - Lower-Body

Taylor et al. 2016 - Group: WP - Leg Press

van Dongen et al. 2020 - Group: Intervention - Leg Press
van Dongen et al. 2020 - Group: Intervention - Leg extension
Vangsoe et al. 2018 - Group: Pro - Leg Press

Verdijk et al. 2009 - Group: Protein - Leg extension

Verdijk et al. 2009 - Group: Protein - Leg Press

Volek et al. 2013 - Group: Soy — Squat

Volek et al. 2013 - Group: Whey - Squat

Watanabe et al. 2018 - Group: APP-RT - Leg Press
Willoughby et al. 2007 - Group: PRO - Leg Press

RE Multi-Level Model for Subgroup (Q = 201.23, df = 85, p = 0.000; I* = 54.47%)

RCT without Resistance Exercise

Bartholomae et al. 2019 - Group: PRO - Leg extension
Bartholomae et al. 2019 - Group: PRO - Leg curl
Ottestad et al. 2017 - Group: Protein - Leg Press

Zhu et al. 2015 - Group: Protein - Leg extension

RE Multi-Level Model for Subgroup (Q = 2.81, df = 3, p = 0.422; ?= 20.39%)

—— 0.81% -0.03[-

053% 1.59[0.66, 2.52]
0.89% -0.11[-069, 0.47)
1.27% 0.05[-0.28, 0.38)
132% -0.44 [-1.02, 0.13]
1.32% -0.44[-1.02, 0.13]
0.86% 0.95[0.20, 1.69]
0.91% 0.39[-0.33, 1.10]
0.80% 0.10[-0.69, 0.89]
0.32% 3.98[259, 5.38]
073% 1.08[0.23, 1.93]
0.55% -0.03[-0.94, 0.87]
0.56% 1.13[0.18, 2.08]
0.52% 1.56[0.54, 2.58]
069% 0.21[-063, 1.08]
0.66% 0.50[-0.37, 1.38]
256% 0.16[-0.27, 0.59]
247% -0.71[-1.15, -0.26]
253% 0.38[-0.06, 0.81)
064% 0.38[-0.42, 1.17]
1.18% -0.06 [-0.68, 0.55]
120% 0.11[-0.50, 0.72]
0.62% -0.52[-1.34, 0.29]
0.72% -0.01[-0.88, 0.85]
067% 0.27[-064, 1.18]
069% 0.30[-0.59, 1.18]
1.46% 0.11[-0.52, 0.74]
1.37% 0.84[0.19, 1.50]
1.42% 0.59 [-0.06, 1.23]
1.49% 0.30 [-0.32, 0.93]
144% 0.81[-0.03, 1.25]
1.50% -0.13[-0.75, 0.49]
1.23% -0.24 [-0.84, 0.37]
1.26% -0.10 [-0.69, 0.49)
1.07% 0.02 [-0.68, 0.71]
1.07% 0.00 [-0.70, 0.70)
1.06% -0.32[-1.02, 0.38)
0.56% 1.08[0.19, 1.96]
065% 0.02[-0.86, 0.90]
064% 0.45[-044, 1.34]
0.62% 0.21[-061, 1.04
153% 0.16
1.49% 0.52
0.90% 0.39
081% -0.33
0.99% 0.37
1.068% 0.09
1.00% -0.14
1.04% -047
1.08% -0.54
1.03% -0.36
0.93% 0.45
1.32% 0.00
1.30% 0.00
0.60% 0.06
0.60% -0.12
091% -0.19[-0.
3.13% -0.14 [0
3.13% -0.09[-0.44, 0.26]
069% -0.07 [-0.81, 0.68]
035% 2.95[1.71, 4.19)
0.66% 0.57 [-0.20, 1.35
0.74% 0.80[0.09, 1.50
0.79% -0.30[-1.09,
0.79% 0.15[-D.
069% 0.13[-0.71, 0.98]

1.45% -0.07 [
1.35% 0.13 [~
1.35% 0.00 [-0.
0.65% 0.25 [
1.38% 0.02 [-0.55,

1.40% 0.53[-0.02, 1.08]
1.18% 0.21[-0.40, 0.83]
1.18%
0.60%
0.48% 0.25[-0.75, 1.24]
379% 0.62[0.30, 0.93]
379% 0.85[0.53, 1.17]
0.56% -0.38[-1.26, 0.51]
0.82% 0.70[-0.07, 1.47]
0.85% 0.08[-0.66, 0.83]
1.27% -0.25[-0.83, 0.33]
121% -0.54 [-1.16, 0.07)
0.68% -0.00 [-0.76, 0.76]
054% 1.05[0.13, 1.97]

0.21[0.08, 0.34]

0.80% 0.57 [-0.21, 1.35)
0.80% 0.50 [-0.28, 1.28)

67, 0.61]
[ 1.33% 0.03[-0.26, 0.32)
< 0.14 [-0.36, 0.64]

RE Multi-level model (Q = 204.23, df = 89, p = 0.000; Overall I = 52.77%)

Test for Subgroup Differences: Q= 0.02, df =1, p=0.88

¢ 100.00% 0.20[0.08, 0.33]

Standardized Mean Difference

Supplementary Figure 6 — Forest plot showing results of the three-level random-effects meta-analysis of
studies testing the effects of ingesting additional protein on adults' lower-body strength by the presence or not

of resistance exercise training in a study research protocol.



Lower body strength gain with resistance exercise plus protein ingestion by Age
Study = Group Weight SMD [95% CI]

Less than 65 years old

Antonio et al. 2015 - Group: HP - Squat

Babault et al. 2014 - Group: Micellar Casein Protein - Leg extension
Babault et al. 2014 - Group: Soluble Milk Protein - Leg extension
Burke et al. 2001 - Group: Whey — Squat

Burke et al. 2001 - Group: Whey - Leg extension
Burke et al. 2001 - Group: Whey - Leg curl
Campbell et al. 2018 - Group: High PRO - Squat
Candow et al. 2006a — Group: S (soy) - Squat
Candow et al. 2006a - Group: W (whey) — Squat
Candow et al. 2006b - Group: PRO-A - Leg Press
Candow et al. 2006b - Group: PRO-B - Leg Press
Coburn et al. 2006 - Group: SUPP - Leg extension
Farup et al. 2014 - Group: eccentric + WHD - Isometric knee extension torque
Gryson et al. 2014 - Group: PRO10 - Leg extension
Gryson et al. 2014 - Group: PRO10t - Leg extension
Gryson et al. 2014 - Group: TMP10t - Leg extension
Hartman et al. 2007 - Group: Milk - Leg Press
Hartman et al. 2007 - Group: Milk - Leg extension
Hartman et al. 2007 - Group: Milk - Leg curl
Hartman et al. 2007 - Group: Soy - Leg Press
Hartman et al. 2007 - Group: Soy - Leg extension
Hartman et al. 2007 - Group: Soy - Leg curl

Herda et al. 2013 - Group: BWPMV - Leg Press
Herda et al. 2013 - Group: SWPMV - Leg Press
Hida et al. 2012 - Group: Prot - Leg extension

Hida et al. 2012 - Group: Prot - Leg curl

Hida et al. 2012 - Group: Prot - Squat

Hoffman et al. 2007 - Group: PR - Squat

Hoffman et al. 2009 — Group: AM/PM - Squat
Hoffman et al. 2009 - Group: PRE/POST - Squat
Kerksick et al. 2006 - Group: WC - Leg Press
Kirmse et al. 2019 - Group: COL - Isometric knee extension torque
Kirmse et al. 2019 - Group: COL - Squat

Lockwood et al. 2017 - Group: WPC - Squat
Lockwood et al. 2017 - Group: WPC-L - Squat
Lockwood et al. 2017 - Group: WPH - Squat

Mabley et al. 2017 - Group: SPC - Squat

Mabley et al. 2017 — Group: WPC - Squat

Mobley et al. 2017 — Group: WPH - Squat

Naclerio et al. 2017a - Group: Beef - Squat

Naclerio et al. 2017a - Group: Whey - Squat

Nahas et al. 2019 - Group: HP - Leg extension
Negro et al. 2014 - Group: FG - Leg Press
Obradovic et al. 2020 - Group: WP - Squat
Oertzen-Hagemann et al. 2019 - Group: COL - Squat
Orsatti et al. 2018 - Group: SOY+RT - Leg extension
Pihoker et al. 2019 - Group: POST - Leg Press
Pihoker et al. 2019 - Group: PRE - Leg Press
Rankin et al. 2004 - Group: MILK - Leg Press
Rankin et al. 2004 - Group: MILK - Leg extension
Reidy et al. 2016 — Group: PB - Squat

Reidy et al. 2016 - Group: PB - Leg extension

Reidy et al. 2016 - Group: WP - Squat

Reidy et al. 2016 - Group: WP - Leg extension
Rossalo et al. 2017 - Group: HP - Leg extension
Rozenek et al. 2002 - Group: CHO - Leg Press
Rozenek et al. 2002 - Group: CHO/PRO - Leg Press
Snijders et al. 2015 - Group: PRO - Leg Press
Snijders et al. 2015 - Group: PRO - Leg extension
Spillane et al. 2016 - Group: HPC - Lower-Body
Taylor et al. 2016 - Group: WP - Leg Press
Vangsoe et al. 2018 - Group: Pro - Leg Press

Volek et al. 2013 - Group: Soy — Squat

Volek et al. 2013 — Group: Whey - Squat

Willoughby et al. 2007 - Group: PRO - Leg Press

RE Multi-Level Model for Subgroup (Q = 134.22, df = 64, p = 0.000; 2= 52.78%)

0.89% ~-0.11[-0.69, 0.47)
1.38% -0.44 [-1.02, 0.13]
1.38% -0.44[-1.02, 0.13]
0.83% 0.10[-0869, 0.89]
0.34% 3.98[2.59, 5.38]
0.76% 1.08[0.23, 1.83]
0.56% -0.03 [-0.94, 0.87)
0.58% 1.13[0.18, 2.08]
054% 1.56[0.54, 2.58]
0.72% 0.21([-0.63, 1.06]
0.69% 0.50[-0.37, 1.38]
0.65% 0.38([-0.42, 1.17]
0.63% -0.52[-1.34, 0.29]
0.75% ~-0.01[-0.88, 0.85]
0.70% 0.27 [-0.84, 1.18]
0.72% 0.30[-0.59, 1.18]
154% 0.11[-0.52, 0.74]
1.44% 0.84[0.19, 1.50]
1.49%  0.59 [-0.06,
1.57%
1.52% 0.61[-0.03,
158% -0.13[-0.75, 0.49]
1.28% -0.24[-0.84, 0.37]
1.31% -0.10[-0.69, 0.49]
1.12% 0.02[-0.68, 0.71]
1.12% 0.0 [-0.70, 0.70]
1.11% -0.32[-1.02, 0.38]
057% 1.08[0.19, 1.96]
0.67% 0.02[-0.86,
0.66%
0.63%
1.59% 0.16 [-0.36,
1.55% 0.52 [-0.02,
1.04% 0.37 [-0.36, 1.10]
1.11% 0.09[-0.80, 0.79]
1.06% -0.14[-0.87, 0.58]
109% -0.47 [-1.18, 0.24]
1.13% -0.54[-1.23, 0.15]
1.08% -0.36 [-1.07, 0.36]
0.62% 0.06 [-0.87, 0.98]
0.62% -0.12 [~1.05, 0.81)
091% -0.19 [-0.75, 0.38)
0.70% -0.07 [-0.81, 0.68)
038% 2.95[1.71, 4.19]
0.67% 0.57 [-0.20, 1.35]
0.74% 0.80[0.09, 1.50]
0.82% ~-0.30 [-1.09, 0.49)
0.82% 0.15[-0.63, 0.94
0.72% 0.13 [-0.71, 0.98
0.70% -0.58 [-1.44, 0.29)
1.52% -0.08 [-0.69, 0.53]
152% -0.07 [-0.69, 0.54]
142% 0.13[-0.51, 0.77)
142% 0.00[-0.64, 0.64]
0.66% 0.25([-0.54, 1.05]
1.41% 0.02[-0.55, 0.60]
1.45% 0.53[-0.02, 1.08]
1.22% 0.21[-0.40, 0.83]
1.22% 0.20[-042, 0.81]
061% 0.66[-0.18, 1.51]
]
]

0.49% 0.25[-0.75, 1.24
0.57% -0.38[-1.26, 0.51
1.32% -0.25(-0.83, 0.33]
1.26% -0.54 [-1.16, 0.07]
0.55% 1.05[0.13, 1.97]

0.19[0.03, 0.36]

65 years old or older

Aas et al. 2020 - Group: ST - Leg extension

Arnarson et al. 2013 — Group: Whey protein — Leg extension
Bridge et al. 2019 - Group: GY - Leg extension

Bridge et al. 2019 - Group: GY - Leg curl

Chale et al. 2013 - Group: Whey - Leg Press

Chale et al. 2013 - Group: Whey - Leg extension

Chale et al. 2013 - Group: Whey - Leg extension

Dulac et al. 2020 - Group: F-PROT+MPT (whey) - Leg extension
Dulac et al. 2020 - Group: S-PROT+MPT (casein) - Leg extension
Leenders et al. 2013 - Group: Protein(W) - Leg extension
Leenders et al. 2013 - Group: Protein(M) - Leg extension
Mori et al. 2018 — Group: EX+PRO - Leg extension

Nabuco et al. 2018 - Group: PLA-WP - Leg extension
Nabuco et al. 2018 - Group: PLA-WP - Leg extension
Nakayama et al. 2020 - Group: MILK - Leg extension
Nakayama et al. 2020 - Group: MILK - Knee flexor strength
van Dongen et al. 2020 - Group: Intervention - Leg Press
van Dongen et al. 2020 - Group: Intervention - Leg extension
Verdijk et al. 2009 - Group: Protein - Leg extension

Verdijk et al. 2009 - Group: Protein - Leg Press

Watanabe et al. 2018 - Group: APP-RT - Leg Press

0.54% 1.590.66, 2.52)
1.24% 0.05[-0.28, 0.38)
0.90% 0.85[0.20, 1.69)]
0.94% 0.39[-0.33, 1.10]
268% 0.16[-0.27, 0.59)
259% -0.71[-1.15, -0.26]
265% 0.38[-0.086, 0.81]
1.25% 0.11[-0.50, 0.72]
1.23% -0.06 [-0.68, 0.55]
0.85% -0.33[-1.11, 0.45]
0.83% 0.39[-0.32, 1.11]
0.92% 0.45[-0.11, 1.00]
1.37% 0.0 [-0.57, 0.57)
1.36% 0.00 [-0.58, 0.58]
328% -0.14 [-0.49, 0.21)
328% -0.09 [-0.44, 0.26)
396% 0.62[0.30, 0.93]
3.96% 0.85[0.53, 1.17]
0.85% 0.70[-0.07, 1.47]
0.88% 0.08 [-0.66, 0.83]
0.69% ~-0.00 [-0.76, 0.76]

RE Multi-Level Model for Subgroup (Q = 65.44, df = 20, p = 0.000; I* = 60.57%) 0.25[0.01, 0.48]

RE Multi-level model (Q = 201.23, df = 85, p = 0.000; Overall I2 = 54.47%) 100.00% 0.21[0.08, 0.34

Test for Subgroup Differences: Q,, = 0.20, df =1, p = 0.66

Standardized Mean Difference

Supplementary Figure 7 — Forest plot showing results of the three-level random-effects meta-analysis of
studies reporting daily protein ingestion and testing the effects of ingesting additional protein and resistance
exercise on adults' lower body strength by age < 65 or > 65 years old.



Lower body strength gain with resistance exercise plus protein ingestion by daily protein ingestion

Study - Group Weight SMD [95% CI]

Higher or equal to 1.60 g/kg/day

107% -0.11[-0.69, 0.47]
0.99% 0.95[0.20, 1.69]
1.04% 0.39[-0.33, 1.10]
0.91% 0.10[-0.69, 0.89)
036% 3.98(2.59, 5.38]
0.83% 1.08[0.23, 1.93]
064% -0.03[-0.94, 0.87]
065% 1.13[0.18, 2.08]
059% 1.56[0.54, 2.58]
164% 0.11[-0.52, 0.74]
153% 0.84[0.19, 1.50)
1.59% 0.59[-0.08, 1.23]
167% 0.30 [-0.32, 0.93]
162% 0.61[-0.03, 1.25]
168% =-0.13[-0.75, 0.49]
066% 1.08[0.19, 1.96]
0.74% 0.02 [-0.86, 0.90)
0.73% 0.45[-0.44, 1.34]
072% 0.21[-081, 1.04)
1.75% 0.16 [-0.36, 0.69]
1.70% 0.52[-0.02, 1.06]
1.13% 0.37 [-0.36, 1.10]
1.20% 0.09 [-0.60, 0.79]
1.14% -0.14 [-0.87, 0.58]
1.12% 0.45[-0.11, 1.00]
0.68% 0.06 [-0.87, 0.98)
0.68% -0.12[-1.05, 0.81]
0.78% 0.57 [-0.20, 1.35)
1.55% 0.02[-0.55, 0.60]
160% 0.53[-0.02, 1.08]
1.36% 0.21[-0.40, 0.83]
1.36% 0.20 [-0.42, 0.81]
0.70% 0.66[-0.18, 1.51]
0.66% -0.38 [~1.26, 0.51)
062% 1.05[0.13, 1.97)

Antonio et al. 2015 - Group: HP - Squat

Bridge et al. 2019 - Group: GY - Leg extension
Bridge et al. 2019 - Group: GY - Leg curl

Burke et al. 2001 - Group: Whey - Squat

Burke et al. 2001 - Group: Whey - Leg extension
Burke et al. 2001 - Group: Whey - Leg curl
Campbell et al. 2018 - Group: High PRO - Squat
Candow et al. 2006a - Group: S (soy) - Squat
Candow et al. 2006a - Group: W (whey) - Squat
Hartman et al. 2007 - Group: Milk - Leg Press
Hartman et al. 2007 - Group: Milk - Leg extension
Hartman et al. 2007 - Group: Milk - Leg curl
Hartman et al. 2007 - Group: Soy - Leg Press
Hartman et al. 2007 - Group: Soy - Leg extension
Hartman et al. 2007 - Group: Soy - Leg curl
Hoffman et al. 2007 - Group: PR - Squat

Hoffman et al. 2009 - Group: AM/PM - Squat
Hoffman et al. 2009 - Group: PRE/POST - Squat
Kerksick et al. 2008 - Group: WC - Leg Press
Kirmse et al. 2019 - Group: COL - Isometric knee extension torque
Kirmse et al. 2019 - Group: COL - Squat
Lockwood et al. 2017 - Group: WPC - Squat
Lockwood et al. 2017 - Grou| PC-L - Squat
Lockwood et al. 2017 - Group: WPH - Squat

Mori et al. 2018 - Group: EX+PRO - Leg extension
Naclerio et al. 2017a - Group: Beef - Squat
Naclerio et al. 2017a - Group: Whey - Squat
Oertzen-Hagemann et al. 2019 - Group: COL - Squat
Rozenek et al. 2002 - Group: CHO - Leg Press
Rozenek et al. 2002 - Group: CHO/PRO - Leg Press
Snijders et al. 2015 - Group: PRO - Leg Press
Snijders et al. 2015 - Group: PRO - Leg extension
Spillane et al. 2016 - Group: HPC - Lower-Body
Vangsoe et al. 2018 - Group: Pro - Leg Press
Willoughby et al. 2007 - Group: PRO - Leg Press

RE Multi-Level Model for Subgroup (Q = 64.43, df = 34, p = 0.001; I = 26.12%) 0.40[0.23, 0.57]

Between 1.2 and 1.59 g/kg/day

0.62% 1.59[0.686, 2.52)
0.80% 0.21[-0.63, 1.06)
0.76% 0.50[-0.37, 1.38)
2.88% 0.16[-0.27, 0.59)
278% -0.71[-1.15, -0.26)
285% 0.38[-0.06, 0.81]
141% -0.24[-0.84, 0.37]
1.44% -0.10[-0.69, 0.49]
1.21% 0.02[-0.88, 0.71]
1.21% 0.00 [-0.70, 0.70]
1.20% -0.32([-1.02, 0.38]
103% 0.39[-0.32, 1.11]
0.93% -0.33 [-1.11, 0.45)
1.18% -0.47 [-1.18, 0.24]
1.22% -0.54 [-1.23, 0.15]
1.16% -0.36 [-1.07, 0.36]
151% 0.00 [-0.57, 0.57)
149% 0.00[-0.58, 0.58]
356% -0.14 [-0.49, 0.21)
356% -0.09 [-0.44, 0.26]
0.82% -0.07 [-0.81, 0.68)
0.88% 0.80[0.09, 1.50]
0.90% ~-0.30 [-1.08, 0.49)
090% 0.15[-0.63, 0.94]
0.79% 0.13[-0.71, 0.98)
0.77% ~-0.58 [-1.44, 0.29)
163% -0.08 [-0.69, 0.53]
163% -0.07 [-0.69, 0.54]
1.53% 0.13[-0.51, 0.77]
153% 0.00 [-0.64, 0.64]
0.76% 0.25[-0.54, 1.05)
0.56% 0.25[-0.75, 1.24]
429% 0.62[0.30, 0.93]
429% 0.85[0.53, 1.17)
0.94% 0.70 [-0.07, 1.47]
0.98% 0.08 [-0.66, 0.83)
146% -0.25[-0.83, 0.33]
1.38% -0.54 [-1.16, 0.07]
0.80% -0.00 [-0.76, 0.76)

0.08 [-0.10, 0.27]

Aas et al. 2020 - Group: ST - Leg extension

Candow et al. 2006b - Group: PRO-A - Leg Press
‘Candow et al. 2006b - Group: PRO-B - Leg Press

Chale et al. 2013 - Group: Whey - Leg Press

Chale et al. 2013 - Group: Whey - Leg extension

Chale et al. 2013 - Group: Whey - Leg extension

Herda et al. 2013 - Group: BWPMV - Leg Press

Herda et al. 2013 - Group: SWPMV - Leg Press

Hida et al. 2012 - Group: Prot - Leg extension

Hida et al. 2012 - Group: Prot - Leg curl

Hida et al. 2012 - Group: Prot - Squat

Leenders et al. 2013 - Group: Protein(M) — Leg extension
Leenders et al. 2013 — Group: Protein(W) - Leg extension
Mobley et al. 2017 - Group: SPC - Squat

Mobley et al. 2017 - Group: WPC - Squat

Mobley et al. 2017 - Group: WPH - Squat

Nabuco et al. 2018 - Group: PLA-WP - Leg extension
Nabuco et al. 2018 - Group: PLA-WP - Leg extension
Nakayama et al. 2020 - Group: MILK - Leg extension
Nakayama et al. 2020 - Group: MILK - Knee flexor strength
Negro et al. 2014 - Group: FG - Leg Press

Orsatti et al. 2018 - Group: SOY+RT - Leg extension
Pihoker et al. 2019 - Group: POST - Leg Press

Pihoker et al. 2019 - Group: PRE - Leg Press

Rankin et al. 2004 - Group: MILK - Leg Press

Rankin et al. 2004 - Group: MILK - Leg extension

Reidy et al. 2016 - Group: PB - Squat

Reidy et al. 2016 - Group: PB - Leg extension

Reidy et al. 2016 - Group: WP - Squat

Reidy et al. 2016 - Group: WP - Leg extension

Rossato et al. 2017 - Group: HP - Leg extension

Taylor et al. 2016 - Group: WP - Leg Press

van Dongen et al. 2020 - Group: Intervention - Leg Press
van Dongen et al. 2020 - Group: Intervention - Leg extension
Verdijk et al. 2009 - Group: Protein - Leg extension
Verdijk et al. 2009 - Group: Protein — Leg Press

Volek et al. 2013 - Group: Soy - Squat

Volek et al. 2013 - Group: Whey — Squat

Watanabe et al. 2018 - Group: APP-RT - Leg Press

RE Multi-Level Model for Subgroup (Q = 88.55, df = 38, p = 0.000; I” = 51.62%)

Less than 1.2 g/kg/day

1.58% 0.05[-0.28, 0.38]
1.10% -0.19[-0.75, 0.38]

Arnarson et al. 2013 - Group: Whey protein - Leg extension
Nahas et al. 2019 - Group: HP - Leg extension

RE Multi-Level Model for Subgroup (Q = 0.50, df = 1, p = 0.481; 1 = 0.00%) -0.01[-1.85, 1.83]

RE Multi-level model (Q = 169.03, df = 75, p = 0.000; Overall I = 49.49%) 10000t 0211008, 034

Test for Subgroup Differences: Qy = 7.28, df =1, p = 0.01

Standardized Mean Difference

Supplementary Figure 8 — Forest plot showing results of the three-level random-effects meta-analysis of
studies reporting daily protein ingestion and testing the effects of ingesting additional protein on adults' lower
body strength by the level of protein ingestion.



10

Handgrip strength gains with protein supplementation by resistance exercise training

Study - Group Weight SMD [95% CI]

RCT with resistance exercise
Amasene et al. 2019 - Group: Protein Group |—-—| 4.74% 0.00[-0.72,0.72]
Dulac et al. 2020 - Group: F-PROT+MPT (whey) 6.61% -0.24 [-0.85, 0.37]
Mori et al. 2018 - Group: EX+PRO

8.23% 0.20[-0.34, 0.75]

Nakayama et al. 2020 - Group: MILK

Dulac et al. 2020 - Group: F-PROT+MPT (casein) |_._| 6.51% -0.01[-0.63, 0.60]
}--| 19.57% 0.30 [-0.05, 0.65]

Paoli et al. 2015 — Group: HP }———| 3.18% 0.07 [-0.81, 0.95]
Planella-Farrugia et al. 2019 - Group: RENS |—-—| 3.75% -0.26 [-1.07, 0.55]
RE Multi-Level Model for Subgroup (Q = 3.49, df = 6, p = 0.746; I = 2.04%) ’ 0.10[-0.18, 0.37]

RCT without resistance exercise

Aleman-Mateo et al. 2014 - Group: IG/HD+RCH |—-—{ 8.14% 0.36[-0.19, 0.91]
Bartholomae et al. 2019 - Group: PRO }—‘—-—{ 417% 0.32[-0.45, 1.09]
Ottestad et al. 2017 — Group: Protein +—-—| 5.94% 0.31[-0.33, 0.96]
Zhu et al. 2015 - Group: Protein +—.—| 29.18% 0.12[-0.17, 0.41]
RE Multi-Level Model for Subgroup (Q = 0.82, df = 3, p = 0.844; I = 0.00%) ’ 0.20[-0.17,0.57]

RE Multi-level model (Q = 4.72, df = 10, p = 0.909; Overall P= 0.00%)

Test for Subgroup Differences: Q,, = 0.41, df =1, p = 0.54 ’ 100.00% 0.15[-0.03, 0.32]

T T T T T
-15 -05 05 15

Standardized Mean Difference

Supplementary Figure 9 — Forest plot showing results of the three-level random-effects meta-analysis of
studies testing the effects of ingesting additional protein on adults' handgrip strength by the presence or not of
resistance exercise training in a study research protocol.
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Physical function with protein supplementation by resistance exercise training

Study - Group Weight  SMD [95% CI]

RCT with resistance exercise

Aas et al. 2020 - Group: ST - 5 chair rise repetition test

Aas et al. 2020 - Group: ST - stair climb test

Aas et al. 2020 - Group: ST - gait speed test

Amasene et al. 2019 - Group: Protein Group — short physical performance battery
Amasene et al. 2019 - Group: Protein Group — 5 chair rise repetition test

0.85% 0.72[-0.11, 1.55]
0.63% 0.92[0.07, 1.77]
0.63% 0.98[0.13, 1.84]
0.89% -0.30[-1.02, 0.43]
0.87% -0.54[-1.27, 0.20]
0.89% -0.31[-1.03, 0.42]
0.89% -0.31(-1.03, 0.42]
0.89% -0.22 [-0.94, 0.50]
3.00% 0.07 [-0.26, 0.40]
3.00% -0.08 [-0.41, 0.25)
1.66% -0.33 [-0.80, 0.13]
1.67% 0.20 [-0.27, 0.66)
1.31% -0.33[-0.94, 0.28]

—
-

e

——

—

Amasene et al. 2019 - Group: Protein Group - € min walk distance | ——

Amasene et al. 2019 - Group: Protein Group - SFT chair stand test 30sec P

Amasene et al. 2019 - Group: Protein Group — SFT arm curl test 30sec e

Arnarson et al. 2013 - Group: Whey protein - time to up and go =

Arnarson et al. 2013 - Group: Whey protein - 6 min walk distance =

Chale et al. 2013 - Group: Whey - stair climb test —

Chale et al. 2013 - Group: Whey - short physical performance battery |

Dulac et al. 2020 - Group: F-PROT+MPT (whey) — stair climb test ——

Dulac et al. 2020 - Group: S-PROT+MPT (casein) - stair climb test —— 1.30% 0.02 [-0.60, 0.63]
Dulac et al. 2020 - Group: F-PROT+MPT (whey) — balance test | E——— 1.18% -0.67 [-1.32, -0.02]
Dulac et al. 2020 - Group: S-PROT+MPT (casein) - balance test |—-—[ 1.12% -0.69 [-1.35, -0.02]
Dulac et al. 2020 - Group: F-PROT+MPT (whey) — time to up and go |—-—| 1.32% 0.03 [-0.58, 0.64]
Dulac et al. 2020 - Group: S-PROT+MPT (casein) - time to up and go — 1.28% 0.28 [-0.34, 0.90]
Dulac et al. 2020 - Group: F-PROT+MPT (whey) — 4-meter walking test (s) ——q 1.32% 0.14[-0.47, 0.75]
Dulac et al. 2020 - Group: S-PROT+MPT (casein) - 4-meter walking test (s) —— 1.30% -0.04 [-0.65, 0.58]
Dulac et al. 2020 - Group: F~-PROT+MPT (whey) - sit-to-stand test —a— 1.00% -0.12[-0.83, 0.58]
Dulac et al. 2020 - Group: S-PROT+MPT (casein) - sit-to-stand test | — 1.05% 0.01[-0.68, 0.70]
Mori et al. 2018 - Group: EX+PRO - gait speed test —q 1.06% 0.00 [-0.55, 0.55]
Nabuco et al. 2018 - Group: WP-PLA - 10 meter walking test — 1.26% 0.71[0.12, 1.30]
Nabuco et al. 2018 - Group: WP-PLA - sit-to-stand test —— 1.30% 0486[-0.12, 1.04]
Nabuco et al. 2018 - Group: PLA-WP - 10 meter walking test — 1.22% 0.84[0.23, 1.44]
Nabuco et al. 2018 - Group: PLA-WP - sit-to-stand test —— 1.28% 0.45[-0.14, 1.04]
Nahas et al. 2019 - Group: HP - balance test [ 1.46% 0.39[-0.18, 0.96]
Nahas et al. 2019 - Group: HP - 4 min walk test | — 1.42% -0.65[-1.23, -0.08]
Nahas et al. 2019 - Group: HP - 5 chair rise repetition test |—-—| 1.47% 0.31[-0.25, 0.88]
Nahas et al. 2019 - Group: HP - short physical performance battery —— 1.42% 0.65[0.08, 1.23]
Nahas et al. 2019 - Group: HP - 6 min walk distance : — 1.15% 1.63[0.97, 2.28]

Nahas et al. 2019 - Group: HP - 10 meter walking test —— 1.49% 0.0 [-0.56, 0.56]
Nahas et al. 2019 - Group: HP - time to up and go —s— 1.49% -0.09 [-0.66, 0.47]
Nakayama et al. 2020 - Group: MILK - maximal walking test = 3.06% 0.00[-0.35, 0.35]
Nakayama et al. 2020 — Group: MILK - time to up and go [ 3.05% 0.07 [-0.28, 0.43]
Nakayama et al. 2020 — Group: MILK - sit-to-stand test = 265% 1.40[1.01, 1.80]
van Dongen et al. 2020 - Group: Intervention - short physical performance battery ] 4.86% 0.55[0.24, 0.85]
wan Dongen et al. 2020 — Group: Intervention — gait speed test = 5.01% 0.00[-0.30, 0.30]
wan Dongen et al. 2020 - Group: Intervention — 5 chair rise repetition test |—.—| 4.86% 0.49[0.18, 0.80]
van Dongen et al. 2020 - Group: Intervention - time to up and go |—'—| 4.93% 0.38[0.08, 0.69]
wan Dongen et al. 2020 - Group: Intervention — 8 min walk distance |—.—| 4.98% 0.24 [-0.08, 0.54]
van Dongen et al. 2020 - Group: Intervention — Activities of daily life (ADL) |—.—| 5.00% 0.07 [-0.23, 0.37]
‘Watanabe et al. 2018 - Group: APP-RT - 5 chair rise repetition test |—-—| 0.80% 0.03 [-0.73, 0.79]
Watanabe et al. 2018 - Group: APP-RT - gait speed test — 0.80% -0.12[-0.88, 0.64]
RE Multi-Level Model for Subgroup (Q = 136.48, df = 44, p = 0.000; I = 57.99%) ’ 0.17[-0.03, 0.37]
RCT without resistance exercise :

Aleman-Mateo et al. 2014 - Group: IGIHD+RCH - short physical performance battery |—-—| 152% 0.12[-0.42, 0.67]
Aleman-Mateo et al. 2014 - Group: IGIHD+RCH - balance test — 1.50% 0.40[-0.15, 0.95]
Aleman—-Mateo et al. 2014 - Group: IG/HD+RCH - gait speed test |—|-—| 1.62% -0.10[-0.64, 0.45]
Aleman-Mateo et al. 2014 - Group: IG/HD+RCH - 5 chair rise repetition test }—-—] 1.63% 0.04 [-0.51, 0.58]
Aleman-Mateo et al. 2014 - Group: IG/HD+RCH - stair climb test |—-—-—| 1.51% 0.31[-0.24, 0.85]
Kim et al. 2020 - Group: Tertile 2 - gait speed test —— 1.60% 0.00[-0.48, 0.48]
Kim et al. 2020 - Group: Tertile 3 - gait speed test H— 1.59% 0.24[-0.24, 0.72)
Ottestad et al. 2017 - Group: Protein - 5 chair rise repetition test ——q 0.98% 0.02[-0.62, 0.66]
Ottestad et al. 2017 - Group: Protein - stair climb test |_-_| 0.97% 0.34[-0.31, 0.98]
‘Watanabe et al. 2018 - Group: APP-CN - 5 chair rise repetition test i 0.80% 0.12[-0.64, 0.88]
Watanabe et al. 2018 - Group: APP-CN - gait speed test — 0.80% 0.00 [-0.76, 0.76]
Zhu et al. 2015 - Group: Protein - time to up and go |—q—| 1.83% -0.06 [-0.35, 0.23]
RE Multi-Level Model for Subgroup (Q = 4.56, df = 11, p = 0.000; P = 0.00%) ’ 0.09 [-0.08, 0.25]
RE Multi-level model (Q = 142.73, df = 56, p = 0.000; Overall 2= 46.43%) a. 100.00% 0.15[0.00, 0.29]
Test for Subgroup Differences: Qy, = 0.19, df = 1, p = 0.66 :

[ I I T I 1
-2 -1 0 1 2 3

Standardized Mean Difference

Supplementary Figure 10 — Forest plot showing results of the three-level random-effects meta-analysis of
studies testing the effects of ingesting additional protein on adults' physical testing performance by the
presence or not of resistance exercise training in a study research protocol.
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Supplementary Figure 11 — Bubble plot of three-level meta-regression analysis of the main effect on lean
body mass vs. total daily protein ingestion (g/kg/day) in studies testing interventions to increase protein
ingestion in all included RCT reporting protein ingestion.
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Supplementary Figure 12 — Bubble plot of three-level meta-regression analysis of the main effect on lean
body mass vs. total daily protein ingestion (g/kg/day) in studies testing interventions to increase protein
ingestion in all included RCT using resistance exercise training and reporting protein ingestion.
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Supplementary Figure 13 — Bubble plot of three-level meta-regression analysis of the main effect on bench
press strength vs. total daily protein ingestion (g/kg/day) in studies testing interventions to increase protein
ingestion in all included RCT reporting protein ingestion.
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Supplementary Figure 14 — Bubble plot of three-level meta-regression analysis of the main effect on bench
press strength vs. total daily protein ingestion (g/kg/day) in studies testing interventions to increase protein
ingestion in all included RCT using resistance exercise training and reporting protein ingestion.
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Supplementary Figure 15 — Bubble plot of three-level meta-regression analysis of the main effect on lower-
body strength vs. total daily protein ingestion (g/kg/day) in studies testing interventions to increase protein
ingestion in all included RCT reporting protein ingestion.
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Supplementary Figure 16 — Bubble plot of three-level meta-regression analysis of the main effect on lower-
body strength vs. total daily protein ingestion (g/kg/day) in studies testing interventions to increase protein
ingestion in all included RCT using resistance exercise training and reporting protein ingestion.
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Supplementary Figure 17 — Bubble plot of three-level meta-regression analysis of the main effect on
handgrip strength vs. total daily protein ingestion (g/kg/day) in studies testing interventions to increase protein
ingestion in all included RCT reporting protein ingestion.
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Supplementary Figure 18 — Bubble plot of three-level meta-regression analysis of the main effect on
performance in physical and functional tests vs. total daily protein ingestion (g/kg/day) in studies testing
interventions to increase protein ingestion in all included RCT reporting protein ingestion.
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Supplementary Figure 19 — Bubble plot of three-level meta-regression analysis of the main effect on
performance in physical and functional tests vs. total daily protein ingestion (g/kg/day) in studies testing
interventions to increase protein ingestion in all included RCT using resistance exercise training and reporting
protein ingestion.
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Supplementary Figure 20 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' lean body or muscle mass including or not a resistance exercise program.
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Supplementary Figure 21 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' lean body or muscle mass only in studies including a resistance exercise program.
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Supplementary Figure 22 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' lean body or muscle mass only in studies including a resistance exercise program reporting

protein ingestion.
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Supplementary Figure 23 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' bench press strength in studies including or not a resistance exercise program.
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Supplementary Figure 24 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' bench press strength only in studies including a resistance exercise program reporting protein

ingestion.
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Supplementary Figure 25 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' lower-body strength in studies including or not a resistance exercise program.
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Supplementary Figure 26 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' lower-body strength only in studies including a resistance exercise program.
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Supplementary Figure 27 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' lower-body strength only in studies including a resistance exercise program reporting protein

ingestion.
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Supplementary Figure 28 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' handgrip strength in studies including or not a resistance exercise program.
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Supplementary Figure 29 — Funnel plot showing results studies testing the effects of ingesting additional
protein on adults' performance in physical and functional tests in studies including or not a resistance exercise

program.



