	[bookmark: _GoBack]Supplementary Table 1 Search terms

	Database
	Search criteria

	PubMed 


	((Dietary Protein[MeSH]) AND (Body composition[Mesh] OR "Weight Loss"[Mesh] OR "Body Weight Maintenance"[Mesh] OR "Weight Gain"[Mesh] OR Strength, Muscle[MeSH] OR Muscle, Skeletal[Mesh]))
Limitations
1. Humans
2. English
3. Adults: 19+ years

	Cochrane Reviews

	("Dietary protein" or "Protein Supplementation" or "protein supplement") and ("lean mass" or "fat mass" or "Muscle mass" or "body composition")


	Scopus


	("Dietary protein" OR "protein intake" OR "protein supplement" OR "high protein") AND ( "body composition" OR "lean mass" OR "fat mass" OR "fat free mass" ) AND ( "Weight loss" OR "energy restriction" OR exercise OR "resistance training" OR "aerobic training" OR "weight maintenance" OR "weight gain") AND NOT ( animals OR rats OR mice OR cells OR children OR adolescent) AND ( LIMIT-TO(SUBJAREA," BIOC" ) OR EXCLUDE(SUBJAREA,"MEDI OR LIMIT-TO SUBJAREA " ) ) AND ( LIMIT-TO(DOCTYPE,"ar" ) ) AND ( EXCLUDE(EXACTSRCTITLE,"Aquaculture OR EXCLUDE EXACTSRCTITLE " ) OR EXCLUDE(EXACTSRCTITLE," Journal of the World Aquaculture Society" ) OR EXCLUDE(EXACTSRCTITLE,"Aquaculture Nutrition" ) ) AND ( LIMIT-TO(LANGUAGE,"English" ) ) AND ( EXCLUDE(SUBJAREA,"NURS" ) ) AND ( EXCLUDE(SUBJAREA,"HEAL" ) OR EXCLUDE(SUBJAREA,"EART" ) ) AND ( EXCLUDE(SUBJAREA,"IMMU" ) OR EXCLUDE(SUBJAREA,"NEUR" ) ) AND ( EXCLUDE(SUBJAREA,"ARTS" ) OR EXCLUDE(SUBJAREA,"CENG" ) ) AND ( EXCLUDE(SUBJAREA,"PHAR" ) OR EXCLUDE(SUBJAREA,"SOCI" ) )

1. Limits: Document Type (Articles, Articles in Press)
2. Source Type (Journals)
3. Subject Area (Medicine, Biochemistry, Genetics and Molecular Biology, Agricultural and biological sciences)
4. Language (English)


	CINAHL

	((MM "Dietary Proteins+") OR (MM “Diet, High Protein+”) OR “dietary protein” OR “protein intake” OR “protein supplement” OR “high protein”) AND ((MM “Weight Loss+”) OR (MM “Weight Reduction Programs+”) OR (MM “Restricted Diet+”) OR (MM “Body Weight Changes”) OR “weight maintenance” OR “weight gain” OR “energy restriction” OR “low calorie” OR “weight loss” OR (MM “Body Weight Changes+”) OR “weight reduction” OR “fat loss” OR “energy intake” OR weight OR restriction OR energy OR reduction) AND ((MM “Exercise+”) OR (MM “Therapeutic Exercise+”) OR (MM “Resistance Training+”) OR (MM “Weight Lifting+”) OR “exercise intervention” OR “body composition” OR muscle OR “fat mass” OR “lean mass” OR fat free mass”)




	Supplementary Table 2. Risk of bias assessment of randomized controlled trials included in a systematically searched qualitative assessment on the effects of consuming a protein-rich supplement with meals versus between meals on body composition changes in resistance training adults 1

	
	Selection bias
	Performance bias
	Detection bias
	Dietary control

	Author, year
	Randomization
	Allocation concealment
	Blinding of participants and personnel
	Blinding of outcome assessment
	Dietary prescription
	Dietary compliance

	PRO-WITH

	Arciero et al. (2006)1
	Unclear
	Unclear
	Unclear
	Unclear
	Provided meal replacements; verbal and written dietary instructions; met weekly with dietician; monthly group meetings
	Daily food record throughout intervention; 3-d food record prior to testing day; daily subject-researchers contact; completed food logs turned in weekly; counted empty supplement containers

	Arciero et al. (2008)2
	Unclear
	Unclear
	Unclear
	Unclear
	Provided meal replacements; 7-d menu cycle; verbal and written dietary instructions; monthly group meetings
	Daily subject-researchers contact; completed food logs turned in weekly; counted empty supplement containers

	Chalé et al. (2013)3
	Unclear
	Low risk
	Low risk
	Unclear
	Provided supplement 
	Consumed supplement under supervision; measured urine PABA; counted empty supplement containers; Completed 3-d weighted food record at 0 and 6 m

	Gryson et al. (2014)4 
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement; Group counseling sessions
	Completed 3-d weighted food record at 1 and 16 wk;

	Leenders et al. (2013)5
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Completed 4-d weighted food record before and after every 4 wk; 

	Rondanelli et al. (2016)6
	Low risk
	Low risk
	Low risk
	Low risk
	Provided supplement; Diet consisted of a repeating 4-wk rotating menu
	A trained dietitian used a calibrated dietetic spring scale to weigh all foods served and returned for 3 consecutive days at the beginning and end of the study. Nurses who served any foods to the participants between meals recorded the amount eaten, in household measurements. 

	Tieland et al. (2012)7
	Low risk
	Unclear
	Low risk
	Unclear
	Provided supplement; dietary counseling provided by dietician
	

	Volek et al. (2013)8
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement; dietary counseling provided by dietician; customized dietary program
	Complete 5-d food record ever 6 wk; consumed supplement under supervision; completed supplemental log; counted empty supplement containers; measured urine PABA

	Weinheimer et al. (2012)9
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Completed 4-d food records at 0, 18, and 36 wk; measured UUR; completed daily supplement logs; 

	PRO-BET

	Arciero et al. (2014)10
	Unclear
	Unclear
	Unclear
	Unclear
	Provided supplement; monthly group meetings
	Completed weekly supplement journals; counted empty supplement containers; 3-day food record at the beginning and end

	Arnarson et al. (2013)11
	Low risk
	Low risk
	Low risk
	Low risk
	Provided supplement
	Consumed supplement under supervision; completed 3-d weight food record

	Candow et al. (2006)12
	Unclear
	Unclear
	Low risk
	Low risk
	Provided supplement
	completed 3-d weighted food record at 1 and 6 wk; verbal communication; counted empty supplement containers

	Candow et al. (2006)13
	Unclear
	Unclear
	Low risk
	Low risk
	Provided supplement
	Completed 3-d food record at 1 and 12 wk

	Candow et al. (2008)14
	Unclear
	Unclear
	Low risk
	Low risk
	Provided supplement
	Counted empty supplement bags

	Cribb et al. (2006)15
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Counted empty supplement containers; completed 3-d weighted food record 0, 1, and 10 wk

	Cribb et al. (2007)16
	Unclear
	Unclear
	Low risk
	Low risk
	Provided supplement
	Counted empty supplement containers; supplement ingestion date/time was recorded daily; completed 3-d weighted food record once at the beginning and twice during the intervention

	Cribb et al. (2007)17
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Counted empty supplement containers; supplement ingestion date/time was recorded daily; completed 3-d weighted food record once at the beginning and twice during the intervention

	Duff et al. (2014)18
	Low risk
	Unclear
	Low risk
	Unclear
	Provided supplement
	Supplement log; returned excess supplement

	Eliot et al. (2008)19
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Consumed supplement under supervision; completed 3-d food record 1 and 14 wk

	Esmarck et al. (2001)20
	Low risk
	Unclear
	Unclear
	Unclear
	Provided supplement
	Completed 4-d food record

	Herda et al. (2013)21
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Consumed pre RT supplement under supervision; counted empty supplement containers

	Hoffman et al. (2007)22
	Unclear
	Unclear
	Unclear
	Unclear
	Provided supplement
	Subjects were asked to record dietary intake. 

	Hoffman et al. (2009)23
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Counted empty supplement containers; completed 3-d food record 0 and 9 wk

	Holm et al. (2008)24
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Completed 4-d weighted food record at 0, 12, and 24 wk;

	Joy et al. (2013)25
	Low risk
	Unclear
	Low risk
	Unclear
	Provided supplement; met with dietician prior to starting the intervention
	Consumed supplement under supervision

	Kerksick et al. (2006)26
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement; Investigators provided detailed instruction on portion sizes as well as general information regarding food preparation
	Counted empty supplement containers; completed 4-d weighted food record 0, 2, 5, 8, and 10 wk

	Kerksick et al. (2007)27
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement; instructed to maintain habitual intake
	Supplement ingestion date/time was recorded daily;  counted empty supplement containers; completed 3-d weighted food record

	Rozenek et al. (2002)28
	Low risk
	Low risk
	Low risk
	Low risk
	Provided supplement; instructed to maintain habitual intake 
	3-d diet histories were collected during the 1st, 4th, and 8th week of the study

	Snijders et al. (2001)29
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement
	Completed 3-d weighted food record at 0 and 11 wk

	Tarnopolsky et al. (2001)30
	Unclear
	Unclear
	Low risk
	Unclear
	
	Consumed supplement under supervision

	Taylor et al. (2015)31
	Unclear
	Unclear
	Unclear
	Unclear
	Provided supplement
	Consumed supplement under supervision

	Verdijk et al. (2009)32
	Unclear
	Unclear
	Unclear
	Unclear
	Provided supplement
	Completed 3-d weighted food record at 0 and 11 wk

	Weisgarber et al. (2012)33
	Unclear
	Unclear
	Low risk
	Unclear
	
	Completed 3-d weighted food record at 0 and 11 wk; verbal communication

	Willoughby et al. (2007)34
	Unclear
	Unclear
	Low risk
	Unclear
	Provided supplement; instructed to maintain habitual intake
	Counted empty supplement containers; complete 7-d food record 0, 5, and 10 wk

	1Risk of bias assessed using the Cochrane Collaboration tool for randomized controlled trials





S2 References
1.	Arciero PJ, Gentile CL, Martin-Pressman R, et al. Increased dietary protein and combined high intensity aerobic and resistance exercise improves body fat distribution and cardiovascular risk factors. Int J Sport Nutr Exe. 2006;16(4):373-392.
2.	Arciero PJ, Gentile CL, Pressman R, et al. Moderate protein intake improves total and regional body composition and insulin sensitivity in overweight adults. Metabolism. 2008;57(6):757-765.
3.	Chale A, Cloutier GJ, Hau C, Phillips EM, Dallal GE, Fielding RA. Efficacy of whey protein supplementation on resistance exercise-induced changes in lean mass, muscle strength, and physical function in mobility-limited older adults. J Gerontol A Biol Sci Med Sci. 2013;68(6):682-690.
4.	Gryson C, Ratel S, Rance M, et al. Four-month course of soluble milk proteins interacts with exercise to improve muscle strength and delay fatigue in elderly participants. Journal of the American Medical Directors Association. 2014;15(12):958. e951-958. e959.
5.	Leenders M, Verdijk LB, Van der Hoeven L, et al. Protein supplementation during resistance-type exercise training in the elderly. Med Sci Sports Exerc. 2013;45(3):542-552.
6.	Rondanelli M, Klersy C, Terracol G, et al. Whey protein, amino acids, and vitamin D supplementation with physical activity increases fat-free mass and strength, functionality, and quality of life and decreases inflammation in sarcopenic elderly. The American journal of clinical nutrition. 2016;103(3):830-840.
7.	Tieland M, Dirks ML, van der Zwaluw N, et al. Protein supplementation increases muscle mass gain during prolonged resistance-type exercise training in frail elderly people: a randomized, double-blind, placebo-controlled trial. J Am Med Dir Assoc. 2012;13(8):713-719.
8.	Volek JS, Volk BM, Gómez AL, et al. Whey protein supplementation during resistance training augments lean body mass. Journal of the American College of Nutrition. 2013;32(2):122-135.
9.	Weinheimer EM, Conley TB, Kobza VM, et al. Whey protein supplementation does not affect exercise training-induced changes in body composition and indices of metabolic syndrome in middle-aged overweight and obese adults. J Nutr. 2012;142(8):1532-1539.
10.	Arciero PJ, Baur D, Connelly S, Ormsbee MJ. Timed-daily ingestion of whey protein and exercise training reduces visceral adipose tissue mass and improves insulin resistance: the PRISE study. J Appl Physiol (1985). 2014;117(1):1-10.
11.	Arnarson A, Geirsdottir OG, Ramel A, Briem K, Jonsson P, Thorsdottir I. Effects of whey proteins and carbohydrates on the efficacy of resistance training in elderly people: double blind, randomised controlled trial. European journal of clinical nutrition. 2013;67(8):821.
12.	Candow DG, Burke NC, Smith-Palmer T, Burke DG. Effect of whey and soy protein supplementation combined with resistance training in young adults. Int J Sport Nutr Exe. 2006;16(3):233-244.
13.	Candow DG, Chilibeck PD, Facci M, Abeysekara S, Zello GA. Protein supplementation before and after resistance training in older men. Eur J Appl Physiol. 2006;97(5):548-556.
14.	Candow DG, Little JP, Chilibeck PD, et al. Low-dose creatine combined with protein during resistance training in older men. Med Sci Sports Exerc. 2008;40(9):1645-1652.
15.	Cribb PJ, Hayes A. Effects of supplement timing and resistance exercise on skeletal muscle hypertrophy. Med Sci Sports Exerc. 2006;38(11):1918-1925.
16.	Cribb PJ, Williams AD, Stathis CG, Carey MF, Hayes A. Effects of whey isolate, creatine, and resistance training on muscle hypertrophy. Med Sci Sports Exerc. 2007;39(2):298-307.
17.	Cribb PJ, Williams AD, Hayes A. A creatine-protein-carbohydrate supplement enhances responses to resistance training. Medicine and Science in Sport and Exercise. 2007;39(11):1960-1968.
18.	Duff WR, Chilibeck PD, Rooke JJ, Kaviani M, Krentz JR, Haines DM. The effect of bovine colostrum supplementation in older adults during resistance training. Int J Sport Nutr Exe. 2014;24(3):276-285.
19.	Eliot KA, Knehans AW, Bemben DA, Witten MS, Carter J, Bemben MG. The effects of creatine and whey protein supplementation on body composition in men aged 48 to 72 years during resistance training. J Nutr Health Aging. 2008;12(3):208-212.
20.	Esmarck B, Andersen JL, Olsen S, Richter EA, Mizuno M, Kjaer M. Timing of postexercise protein intake is important for muscle hypertrophy with resistance training in elderly humans. J Physiol-London. 2001;535(1):301-311.
21.	Herda AA, Herda TJ, Costa PB, Ryan ED, Stout JR, Cramer JT. Muscle performance, size, and safety responses after eight weeks of resistance training and protein supplementation: a randomized, double-blinded, placebo-controlled clinical trial. The Journal of Strength & Conditioning Research. 2013;27(11):3091-3100.
22.	Hoffman JR, Ratamess NA, Kang J, Falvo MJ, Faigenbaum AD. Effects of protein supplementation on muscular performance and resting hormonal changes in college football players. Journal of sports science & medicine. 2007;6(1):85.
23.	Hoffman JR, Ratamess NA, Tranchina CP, Rashti SL, Kang J, Faigenbaum AD. Effect of protein-supplement timing on strength, power, and body-composition changes in resistance-trained men. Int J Sport Nutr Exe. 2009;19(2):172-185.
24.	Holm L, Olesen JL, Matsumoto K, et al. Protein-containing nutrient supplementation following strength training enhances the effect on muscle mass, strength, and bone formation in postmenopausal women. J Appl Physiol. 2008;105(1):274-281.
25.	Joy JM, Lowery RP, Wilson JM, et al. The effects of 8 weeks of whey or rice protein supplementation on body composition and exercise performance. Nutrition Journal. 2013;12.
26.	Kerksick CM, Rasmussen CJ, Lancaster SL, et al. The effects of protein and amino acid supplementation on performance and training adaptations during ten weeks of resistance training. J Strength Cond Res. 2006;20(3):643-653.
27.	Kerksick CM, Rasmussen C, Lancaster S, et al. Impact of differing protein sources and a creatine containing nutritional formula after 12 weeks of resistance training. Nutrition. 2007;23(9):647-656.
28.	Rozenek R, Ward P, Long S, Garhammer J. Effects of high-calorie supplements on body composition and muscular strength following resistance training. J Sport Med Phys Fit. 2002;42(3):340.
29.	Snijders T, Smeets JS, van Vliet S, et al. Protein ingestion before sleep increases muscle mass and strength gains during prolonged resistance-type exercise training in healthy young men. The Journal of nutrition. 2015;145(6):1178-1184.
30.	Tarnopolsky MA, Parise G, Yardley NJ, Ballantyne CS, Olatinji S, Phillips SM. Creatine-dextrose and protein-dextrose induce similar strength gains during training. Med Sci Sport Exer. 2001;33(12):2044-2052.
31.	Taylor LW, Wilborn C, Roberts MD, White A, Dugan K. Eight weeks of pre-and postexercise whey protein supplementation increases lean body mass and improves performance in Division III collegiate female basketball players. Applied Physiology, Nutrition, and Metabolism. 2015;41(3):249-254.
32.	Verdijk LB, Jonkers RA, Gleeson BG, et al. Protein supplementation before and after exercise does not further augment skeletal muscle hypertrophy after resistance training in elderly men. The American journal of clinical nutrition. 2009;89(2):608-616.
33.	Weisgarber KD, Candow DG, Vogt ESM. Whey Protein Before and During Resistance Exercise Has No Effect on Muscle Mass and Strength in Untrained Young Adults. Int J Sport Nutr Exe. 2012;22(6):463-469.
34.	Willoughby DS, Stout JR, Wilborn CD. Effects of resistance training and protein plus amino acid supplementation on muscle anabolism, mass, and strength. Amino Acids. 2007;32(4):467-477.

	Supplementary Table 3. Descriptions of the randomized controlled trials included in a systematically searched qualitative assessment on the effects of consuming a protein-rich supplement with meals versus between meals on body composition changes in resistance training adults 1

	
	Subject details
	
	Resistance training details
		
	Protein supplementation details

	Author, year
	n
	Age (y)
	Sex
	Training status
	




	Frequency (d/wk)
	Length (wk)
	
	Type of protein
	Amount of protein (g/d)
	Prescribed timing

	
	
	
	
	
	
	
	
	
	
	RT day
	Non-RT days
	RT days
	Non-RT days

	PRO-WITH

	Arciero et al. (2006)1
	27
	42
	M+F
	UT
	
	6
	12
	
	Meal replacement
	
	
	Replaced 3 meals
	Replaced 3 meals

	Arciero et al. (2008)2
	8
	42
	M+F
	UT
	
	6
	36
	
	Milk protein + casein + whey
	75
	75
	Replaced 3 meals
	Replaced 3 meals

	––––––––––––
	8
	44
	M+F
	UT
	
	6
	36
	
	Meal replacement
	39
	39
	Replaced 3 meals
	Replaced 3 meals

	Chalé et al. (2013)3
	42
	78
	M
	UT
	
	3
	24
	
	Whey 
	40
	40
	After breakfast + post RT 
	After breakfast + after dinner

	Gryson et al. (2014)4
	9
	61
	M
	UT
	
	3
	16
	
	Milk protein
	10
	10
	Post RT
	With breakfast 

	––––––––––––
	10
	61
	M
	UT
	
	3
	16
	
	Milk protein
	10
	10
	Post RT
	With breakfast 

	––––––––––––
	8
	61
	M
	UT
	
	3
	16
	
	Milk protein
	10
	10
	Post RT
	With breakfast 

	Leenders et al. (2013)5
	12
	72
	F
	UT
	
	3
	24
	
	Milk protein 
	15
	15
	After breakfast 
	After breakfast 

	––––––––––––
	15
	70
	M
	UT
	
	3
	24
	
	Milk protein 
	15
	15
	After breakfast 
	After breakfast 

	Rondanelli et al. (2016)6
	61
	81
	M+F
	UT
	
	5
	12
	
	Whey protein + EAA
	22
	22
	With lunch
	With lunch

	Tieland et al. (2012)7
	28
	78
	M+F
	UT
	
	2
	24
	
	Milk protein 
	30
	30
	After breakfast + after lunch
	After breakfast + after lunch

	Volek et al. (2013)8
	19
	23
	M+F
	UT
	
	2-3
	36
	
	Whey 
	22
	22
	Post RT
	With breakfast 

	––––––––––––
	22
	24
	M+F
	UT
	
	2-3
	36
	
	Soy 
	20
	20
	Post RT
	With breakfast 

	Weinheimer et al. (2012)9
	65
	47
	M+F
	UT
	
	2-3
	36
	
	Whey 
	20
	20
	With breakfast + with lunch
	With breakfast + with lunch

	––––––––––––
	16
	46
	M+F
	UT
	
	2-3
	36
	
	Whey 
	40
	40
	With breakfast + with lunch
	With breakfast + with lunch

	––––––––––––
	23
	50
	M+F
	UT
	
	2-3
	36
	
	Whey 
	60
	60
	With breakfast + with lunch
	With breakfast + with lunch

	PRO-BET

	Arciero et al. (2014)10
	17
	52
	M+F
	UT
	
	4
	16
	
	Whey
	60
	40
	Waking + pre RT + before bed
	Waking + before bed

	––––––––––––
	22
	47
	M+F
	UT
	
	4
	16
	
	Whey
	60
	40
	Waking + pre RT + before bed
	Waking + before bed

	Arnarson et al. (2013)11
	83
	73
	M+F
	UT
	
	3
	12
	
	Whey 
	20
	0
	Post RT
	––––––––––––

	Candow et al. (2006)12
	10
	67
	M
	UT
	
	3
	12
	
	Whey
	26
	0
	Post RT
	––––––––––––

	––––––––––––
	9
	64
	M
	UT
	
	3
	12
	
	Whey
	26
	0
	Pre RT
	––––––––––––

	Candow et al. (2006)13
	10
	67
	M
	N/A
	
	3
	10
	
	Whey 
	75
	0
	Pre RT + post RT + before bed
	––––––––––––

	Candow et al. (2008)14
	9
	24
	M+F
	UT
	
	3
	6
	
	Whey 
	83
	83
	Pre RT + post RT + before bed
	Similar time as RT days + before bed

	––––––––––––
	9
	23
	M+F
	UT
	
	3
	6
	
	Soy 
	86
	86
	Pre RT + post RT + before bed
	Similar time as RT days + before bed

	Cribb et al. (2006)15
	8
	21
	M
	T
	
	4
	10
	
	whey 
	82
	0
	Pre RT + post RT
	––––––––––––

	––––––––––––
	9
	24
	M
	T
	
	4
	10
	
	whey 
	78
	0
	Before breakfast + before bed
	––––––––––––

	Cribb et al. (2007)16
	5
	24
	M
	T
	
	4
	11
	
	Whey 
	90
	90
	Mid-morning + post RT + evening
	Mid-morning + similar time as RT days + evening

	––––––––––––
	6
	25
	M
	T
	
	4
	11
	
	Whey 
	90
	90
	Mid-morning + post RT + evening
	Mid-morning + similar time as RT days + evening

	Cribb et al. (2007)17
	10
	25
	M
	T
	
	?
	10
	
	Whey
	113
	113
	Mid-morning + post RT + before bed
	Mid-morning + similar time as RT days + before bed

	––––––––––––
	10
	26
	M
	T
	
	?
	10
	
	Whey 
	54
	54
	Mid-morning + post RT + before bed
	Mid-morning + similar time as RT days + before bed

	––––––––––––
	11
	26
	M
	T
	
	?
	10
	
	Whey 
	53
	53
	Mid-morning + post RT + before bed
	Mid-morning + similar time as RT days + before bed

	Duff et al. (2014)18
	19
	62
	M+F
	N/A
	
	3
	8
	
	Bovine colostrum
	38
	38
	Pre RT + post RT + discretion
	Discretion 

	––––––––––––
	21
	58
	M+F
	N/A
	
	3
	8
	
	Whey
	38
	38
	Pre RT + post RT + discretion
	Discretion

	Eliot et al. (2008)19
	11
	48-72
	M
	N/A
	
	3
	14
	
	Whey 
	35
	0
	Post RT
	––––––––––––

	––––––––––––
	11
	48-72
	M
	N/A
	
	3
	14
	
	Whey 
	35
	0
	Post RT
	––––––––––––

	Esmarck et al. (2001)20
	7
	74
	M
	UT
	
	3
	12
	
	Milk proteins + soy 
	10
	0
	Post RT
	––––––––––––

	––––––––––––
	6
	73
	M
	UT
	
	3
	12
	
	Milk proteins + soy 
	10
	0
	2 h Post RT
	––––––––––––

	Herda et al. (2013)21
	22
	21
	M
	UT
	
	3
	8
	
	Whey + leucine
	40
	0
	Pre RT + post RT
	––––––––––––

	––––––––––––
	20
	21
	M
	UT
	
	3
	8
	
	Whey + leucine
	40
	0
	Pre RT + post RT
	––––––––––––

	––––––––––––
	22
	21
	M
	UT
	
	3
	8
	
	Whey
	40
	0
	Pre RT + post RT
	––––––––––––

	Hoffman et al. (2007)22
	11
	20
	M
	T
	
	4
	12
	
	Protein blend 
	84
	42
	Morning + post RT
	Morning

	Hoffman et al. (2009)23
	13
	20
	M
	T
	
	4
	10
	
	Collagen + whey + casein
	42
	42
	Morning + evening
	Morning + evening

	––––––––––––
	13
	20
	M
	T
	
	4
	10
	
	Collagen + whey + casein
	42
	42
	Pre RT + post RT 
	Similar time as RT days

	Holm et al. (2008)24
	13
	55
	F
	N/A
	
	2-3
	8
	
	Whey 
	10
	0
	Post RT
	––––––––––––

	Joy et al. (2013)25
	12
	21
	M
	T
	
	2
	8
	
	Whey
	48
	0
	Post RT
	––––––––––––

	––––––––––––
	12
	21
	M
	T
	
	2
	8
	
	Rice
	48
	0
	Post RT
	––––––––––––

	Kerksick et al. (2006)26
	15
	31
	M
	T
	
	4
	10
	
	Whey + BCAA + glutamine
	48
	48
	Post RT
	Morning 

	––––––––––––
	10
	31
	M
	T
	
	4
	10
	
	Whey + casein
	48
	48
	Post RT
	Morning

	Kerksick et al. (2007)27
	12
	27
	M+F
	T
	
	4
	12
	
	Whey + casein
	75
	75
	Post RT
	Morning 

	––––––––––––
	13
	27
	M+F
	T
	
	4
	12
	
	Whey + casein + colostrum 
	75
	75
	Post RT
	Morning 

	––––––––––––
	13
	27
	M+F
	T
	
	4
	12
	
	Whey + casein 
	75
	75
	Post RT
	Morning 

	––––––––––––
	11
	27
	M+F
	T
	
	4
	12
	
	Whey + casein + colostrum 
	75
	75
	Post RT
	Morning 

	Rozenek et al. (2002)28
	26
	23
	M
	UT
	
	4
	8
	
	Protein blend 
	106
	106
	Between breakfast/lunch + before bed
	Between breakfast/lunch + before bed

	Snijders et al. (2001)29
	19
	23
	M
	UT
	
	3
	12
	
	Casein 
	28
	28
	Before bed
	Before bed

	Tarnopolsky et al. (2001)30
	8
	24
	M
	UT
	
	6
	8
	
	Casein 
	10
	0
	Post RT
	––––––––––––

	Taylor et al. (2015)31
	8
	20
	F
	T
	
	4
	8
	
	Whey protein
	48
	0
	Pre RT + post RT
	––––––––––––

	Verdijk et al. (2009)32
	13
	72
	M
	UT
	
	3
	8
	
	Casein
	20
	0
	Pre RT + post RT
	––––––––––––

	Weisgarber et al. (2012)33
	9
	25
	M+F
	UT
	
	4
	8
	
	Whey 
	26
	0
	Pre RT + during RT
	––––––––––––

	Willoughby et al. (2007)34
	10
	19
	M
	UT
	
	4
	10
	
	Whey + milk protein + casein + EAA
	40
	40
	1 h pre RT + post RT
	Morning

	1Individual study details regarding subject characteristics (n, age, sex, and resistance training status), resistance training details (training frequency and study length), and protein supplementation details (Type of protein, amount of protein (g/d), and prescribed timing); BCAA, branched-chain amino acids; EAA, essential amino acids, F, female; M, male; N/A, not available; PRO-WITH, groups ingesting protein supplements with meals; PRO-BET, groups ingesting protein supplements between meals; RT, resistance training; T, trained; UT, untrained. 
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	Supplementary Table 4.  Qualitative assessment on the directional effect of consuming a protein supplement with meals versus between meals on body composition changes in resistance training adults1,2,3

	
	All interventions
	12-16 wk in duration
	Young and middle-aged adults (≤ 50 y)
	Older adults 
(> 50 y)
	≥ protein dose estimated to maximize muscle protein synthesis4
	Range matched for total protein supplemented5
	Range matched for total protein intake6
	Range matched for total protein supplemented and total protein intake7
	No creatine supplementation8

	Outcome
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET

	Body mass, kg
	?
	↑
	↓
	?
	?
	↑
	↑
	?
	↔
	↑
	?
	?
	↑
	?
	↑
	?
	↔
	↑

	Lean mass, kg
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑

	Fat mass, kg
	↓
	?
	↓
	?
	↓
	?
	↓
	↓
	↓
	?
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓

	Lean:fat mass ratio
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑
	↑

	1Codes represent summary of effect. Inconsistent effect (?): 34-66% of groups reported either an increase or decrease from baseline; consistent positive (increase) (↑) or negative (decrease) (↓) effect: 67-100% of groups reported a change in that direction from baseline; PRO-WITH, groups ingesting protein supplements with meals; PRO-BET, groups ingesting protein supplements between meals.
2Each body composition analysis is composed of a different sample size
3The type of protein-rich supplement varied across groups; some studies have contributed more than one intervention group
4Analysis only includes protein doses from supplements that are ≥ 0.24 and 0.40 g/kg/body mass in younger and older adults, respectively. This was calculated by dividing the protein dose by the group mean body mass. 
5Analysis only includes intervention that supplemented between 10 and 75 g of protein/d. This was selected based on the lower and upper quantities that were available for comparison in both groups. 
6Analysis only includes interventions that reported total protein intakes between 0.9-1.6 g protein/kg/d. 
7Analysis only includes interventions that supplemented between 10 and 75 g of protein/d and reported total protein intakes between 0.9-1.6 g protein/kg/d. 
8Analysis only includes interventions that did not include creatine supplementation; only the PRO-BET category contained groups that supplemented with creatine, therefore, the results in PRO-WITH are unchanged from the original analysis.  






	Supplementary Table 5.  Qualitative assessment on the magnitude of effect of consuming a protein supplement with meals versus between meals on body composition changes in resistance training adults 1,2,3	

	
	All interventions
	12-16 wk in duration
	Young and middle-aged adults (≤ 50 y)
	Older adults (> 50 y)
	≥ protein dose estimated to maximize muscle protein synthesis4
	Range matched for total protein supplemented5
	Range matched for total protein intake6
	Range matched for total protein supplemented and total protein intake7
	No creatine supplementation8

	Amount of change
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-WITH
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET
	PRO-WITH
	PRO-BET

	Body mass (kg)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 10 to ≥ 5 kg gain
	0 (0)
	8 (3)
	0 (0)
	0 (0)
	0 (0)
	12 (3)
	0 (0)
	0 (0)
	0 (0)
	4 (1)
	0 (0)
	10 (3)
	0 (0)
	7 (1)
	0 (0)
	9 (1)
	0 (0)
	11 (3)

	< 5 to ≥ 0 kg gain
	56 (9)
	64 (23)
	29 (2)
	62 (8)
	43 (3)
	69 (18)
	67 (6)
	50 (5)
	50 (3)
	75 (18)
	60 (9)
	55 (16)
	67 (6)
	40 (6)
	67 (6)
	36 (4)
	56 (9)
	57 (16)

	> 0 to < 5 kg loss
	25 (4)
	28 (10)
	29 (2)
	38 (5)
	14 (1)
	19 (5)
	33 (3)
	50 (5)
	33 (2)
	21 (5)
	27 (4)
	35 (10)
	22 (2)
	53 (8)
	22 (2)
	55 (6)
	25 (4)
	32 (9)

	≥ 5 to < 10 kg loss
	19 (3)
	0 (0)
	42 (3)
	0 (0)
	43 (3)
	0 (0)
	0 (0)
	0 (0)
	17 (1)
	0 (0)
	13 (2)
	0 (0)
	11 (1)
	0 (0)
	11 (1)
	0 (0)
	19 (3)
	0 (0)

	Body mass (%)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 10 to ≥ 5 % gain
	0 (0)
	8 (3)
	0 (0)
	0 (0)
	0 (0)
	12 (3)
	0 (0)
	0 (0)
	0 (0)
	4 (1)
	0 (0)
	10 (3)
	0 (0)
	7 (1)
	0 (0)
	9 (1)
	0 (0)
	7 (2)

	< ± 5 % 
	81 (13)
	92 (33)
	57 (4)
	100 (13)
	57 (4)
	88 (23)
	100 (9)
	100 (10)
	83 (5)
	96 (23)
	87 (13)
	90 (26)
	89 (8)
	93 (14)
	89 (8)
	91 (10)
	81 (13)
	93 (26)

	≥ 5 to < 10 % loss
	19 (3)
	0 (0)
	43 (3)
	0 (0)
	43 (3)
	0 (0)
	0 (0)
	0 (0)
	17 (1)
	0 (0)
	13 (2)
	0 (0)
	11 (1)
	0 (0)
	11 (1)
	0 (0)
	19 (3)
	0 (0)

	Lean mass (kg)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≥ 3 kg gain
	6 (1)
	16 (7)
	0 (0)
	0 (0)
	14 (1)
	20 (6)
	0 (0)
	9 (1)
	17 (1)
	14 (4)
	7 (1)
	16 (5)
	11 (1)
	12 (2)
	11 (1)
	17 (2)
	6 (1)
	12 (4)

	< 3 to ≥ 1.5 kg gain
	6 (1)
	37 (15)
	0 (0)
	29 (4)
	14 (1)
	47 (14)
	0 (0)
	9 (1)
	17 (1)
	50 (14)
	7 (1)
	28 (9)
	11 (1)
	19 (3)
	11 (1)
	17 (2)
	6 (1)
	30 (10)

	< 1.5 to ≥ 0 kg gain
	82 (13)
	37 (15)
	86 (6)
	57 (8)
	58 (4)
	27 (8)
	100 (9)
	64 (7)
	49 (3)
	32 (9)
	79 (12)
	44 (14)
	78 (7)
	50 (8)
	78 (7)
	49 (6)
	82 (13)
	46 (15)

	> 0 to < 1.5 kg loss
	6 (1)
	10 (4)
	14 (1)
	14 (2)
	14 (1)
	6 (2)
	0 (0)
	8 (2)
	17 (1)
	4 (1)
	7 (1)
	12 (4)
	0 (0)
	19 (3)
	0 (0)
	17 (2)
	6 (1)
	12 (4)

	Lean mass (%)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 10 to ≥ 5 % gain
	6 (1)
	15 (6)
	0 (0)
	0 (0)
	14 (1)
	21 (6)
	0 (0)
	0 (0)
	17 (1)
	15 (4)
	7 (1)
	12 (4)
	11 (1)
	7 (1)
	11 (1)
	9 (1)
	6 (1)
	12 (4)

	< 5 to ≥ 0 % gain
	88 (14)
	75 (30)
	86 (6)
	88 (14)
	72 (5)
	72 (20)
	100 (9)
	83 (10)
	66 (4)
	81 (21)
	86 (13)
	76 (25)
	89 (8)
	73 (11)
	89 (8)
	73 (8)
	88 (14)
	88 (29)

	> 0 to < 5 % loss
	6 (1)
	10 (4)
	14 (1)
	12 (2)
	14 (1)
	7 (2)
	0 (0)
	17 (2)
	17 (1)
	4 (1)
	7 (1)
	12 (4)
	0 (0
	20 (3)
	0 (0
	18 (2)
	6 (1)
	0 (0)

	Fat mass (kg)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 5 to ≥ 0 kg gain
	13 (2)
	41 (15)
	0 (0)
	46 (6)
	14 (1)
	43 (12)
	11 (1)
	22 (2)
	17 (1)
	50 (13)
	13 (2)
	33 (10)
	22 (2)
	14 (2)
	22 (2)
	20 (2)
	13 (2)
	33 (10)

	> 0 to < 5 kg loss
	74 (12)
	59 (22)
	71 (5)
	54 (7)
	57 (4)
	57 (16)
	89 (8)
	78 (7)
	66 (4)
	50 (13)
	80 (12)
	67 (20)
	78 (7)
	86 (12)
	78 (7)
	80 (8)
	74 (12)
	67 (20)

	≥ 5 to ≤ 10 kg loss
	13 (2)
	0 (0)
	29 (2)
	0 (0)
	29 (2)
	0 (0)
	0 (0)
	0 (0)
	17 (1)
	0 (0)
	7 (1)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	13 (2)
	0 (0)

	Fat mass (%)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 10 to ≥ 5 % gain
	0 (0)
	5 (2)
	0 (0)
	8 (1)
	0 (0)
	7 (2)
	0 (0)
	0 (0)
	0 (0)
	4 (1)
	0 (0)
	7 (2)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	7 (2)

	< ± 5 % 
	68 (11)
	73 (27)
	43 (3)
	84 (11)
	57 (4)
	71 (20)
	78 (7)
	78 (7)
	83 (5)
	77 (20)
	74 (11)
	70 (21)
	89 (8)
	79 (11)
	89 (8)
	80 (8)
	68 (11)
	66 (19)

	≥ 5 to < 10 % loss
	13 (2)
	19 (7)
	14 (1)
	8 (1)
	0 (0)
	18 (5)
	22 (2)
	22 (2)
	0 (0)
	15 (4)
	13 (2)
	20 (6)
	0 (0)
	21 (3)
	0 (0)
	20 (2)
	13 (2)
	24 (7)

	≥ 10 % loss
	19 (3)
	3 (1)
	43 (3)
	0 (0)
	43 (3)
	4 (1)
	0 (0)
	0 (0)
	17 (1)
	4 (1)
	13 (2)
	3 (1)
	11 (1)
	0 (0)
	11 (1)
	0 (0)
	19 (3)
	3 (1)

	Lean mass:Fat mass ratio
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Increased
	100 (16)
	84 (31)
	100 (7)
	77 (10)
	100 (7)
	82 (23)
	100 (9)
	89 (8)
	100 (6)
	88 (23)
	100 (15)
	80 (24)
	100 (9)
	86 (12)
	100 (9)
	90 (9)
	100 (16)
	87 (25)

	Decreased
	0 (0)
	16 (6)
	0 (0)
	23 (3)
	0 (0)
	18 (5)
	0 (0)
	11 (1)
	0 (0)
	12 (3)
	0 (0)
	20 (6)
	0 (0)
	14 (2)
	0 (0)
	10 (1)
	0 (0)
	13 (5)

	1Values are the percent of groups (number of groups); PRO-WITH, groups ingesting protein supplements with meals; PRO-BET, groups ingesting protein supplements between meals.
2Each body composition analysis is composed of a different sample size
3The type of protein-rich supplement varied across groups; some studies have contributed more than one intervention group
4Analysis only includes protein doses from supplements that are ≥ 0.24 and 0.40 g/kg/body mass in younger and older adults, respectively. This was calculated by dividing the protein dose by the group mean body mass. 
5Analysis only includes intervention that supplemented between 10 and 75 g of protein/d. This was selected based on the lower and upper quantities that were available for comparison in both groups. 
6Analysis only includes interventions that reported total protein intakes between 0.9-1.6 g protein/kg/d. 
7Analysis only includes interventions that supplemented between 10 and 75 g of protein/d and reported total protein intakes between 0.9-1.6 g protein/kg/d. 
8Analysis only includes interventions that did not include creatine supplementation; only the PRO-BET category contained groups that supplemented with creatine, therefore, the results in PRO-WITH are unchanged from the original analysis.  




