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Abstract: Protein supplementation might improve body composition and exercise performance.
Supplements containing whey protein (WP) have received the most attention, but other protein sources
such as beef protein (BP) are gaining popularity. We conducted a systematic review and meta-analysis
of randomized controlled trials that compared the effects of exercise training combined with BP,
WP or no protein supplementation (NP), on body composition or exercise performance. Secondary
endpoints included intervention effects on total protein intake and hematological parameters. Seven
studies (n = 270 participants) were included. No differences were found between BP and WP for
total protein intake (standardized mean difference (SMD) = 0.04, p = 0.892), lean body mass (LBM)
(SMD = —-0.01, p = 0.970) or fat mass (SMD = 0.07, p = 0.760). BP significantly increased total daily
protein intake (SMD = 0.68, p < 0.001), LBM (SMD = 0.34, p = 0.049) and lower-limb muscle strength
(SMD = 040, p = 0.014) compared to NP, but no significant differences were found between both
conditions for fat mass (SMD = 0.15, p = 0.256), upper-limb muscle strength (SMD = 0.16, p = 0.536)
or total iron intake (SMD = 0.29, p = 0.089). In summary, BP provides similar effects to WP on protein
intake and body composition and, compared to NP, might be an effective intervention to increase
total daily protein intake, LBM and lower-limb muscle strength.

Keywords: resistance training; exercise; nutrition; muscle mass; hypertrophy

1. Introduction

Protein supplementation might increase muscle anabolism and, if combined with exercise training,
could also improve physical performance [1-3]. The anabolic response to protein intake can be affected
not only by factors such as individual nutritional state, digestive/absorption capacity, or sensitivity
of muscle anabolic pathways, but also by the source of protein [4]. In this regard, numerous protein
sources have been investigated for their effect on muscle anabolism, including milk [5], eggs [6], soy [7],
rice [8] or bovine colostrum [9]. Although supplements containing whey protein (WP) have received
the most attention due to their high content in leucine and potential anabolic effect [10,11], beef protein
(BP) has gained popularity in recent years [12].

Acute ingestion of BP can increase muscle protein synthesis in both young and older individuals [13—
15], and these benefits seem to be maximized when combined with exercise training (particularly
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resistance training) [16]. There is thus biological rationale to support BP supplementation as a
potentially effective strategy for improving lean body mass (LBM) and physical performance (notably,
muscle strength). However, the evidence on the effectiveness of BP supplementation for increasing
muscle mass or performance is mixed, with some studies reporting benefits compared to no protein
supplementation [17,18] but others finding no such benefits [19,20]. Moreover, the effectiveness of BP
for improving body composition or performance compared to WP remains unclear [18,19,21,22].

On the other hand, owing to its high content in heme iron, BP supplementation could also increase
total iron intake and thus theoretically benefit hematological parameters, and indeed some benefits
have been reported [20,22]. However, to our knowledge, there is not yet meta-analytical evidence on
the potential benefits of BP supplementation.

Given the purported benefits of BP supplementation on body composition and performance,
and the lack of consensus on its actual effectiveness, the main aim of this systematic review and
meta-analysis was to compare the effects of BP, WP or no protein supplementation (NP) combined
with exercise training on body composition and exercise performance. Changes in nutritional intake
and hematological parameters were also analyzed as secondary endpoints.

2. Materials and Methods

The conduct and reporting of the current systematic review and meta-analysis conform to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [23].

2.1. Systematic Search

Relevant articles were identified by title and abstract in the electronic databases MEDLINE, Web of
Science and SportDiscus (since inception to 5 May 2019) using the following search strategy: (beef OR
meat) AND (supplement*) AND (athlet* OR train* OR “physical activity” OR exercise). The electronic
search was supplemented by a manual review of reference lists from relevant publications and reviews
to find additional publications on the subject. Gray literature (abstracts, conference proceedings or
editorials) and reviews were excluded.

2.2. Study Selection and Data Extraction

Studies were eligible for inclusion if they met each of the following criteria: (a) analyzed the effect
of BP supplementation on at least one endpoint related to body composition or exercise performance;
(b) duration of the exercise training + supplementation intervention >4 weeks; (c) used a randomized
controlled trial design that included one group performing exercise training in combination with BP
supplementation and 1+ groups performing the same exercise program as those receiving BP, but with
WP or NP. Case studies were excluded, as well as those in which BP was combined with WP or other
protein/‘anabolic” supplements (e.g., creatine).

Two reviewers (P.L.V. and FM.) independently extracted the following data from each study:
number of participants within each group, participants’ characteristics, exercise and nutritional
intervention’s characteristics, endpoints, measurement methods and results. Disagreements were
resolved through discussion with a third reviewer (J.5.M.).

Endpoints data were registered as mean and standard deviation (SD). When the standard error of
the mean (SEM) but not the SD was available, the latter was calculated from the square root of the
sample size multiplied by the SEM. If data were provided as a figure, we used a specific software
(WebPlotDigitalizer 4.2, San Francisco, CA, USA) for data extraction. We contacted the authors when
necessary to request additional information. In this regard, the authors of two studies [17,19] provided
us with the required specific data upon request. Fat-free mass was taken as a surrogate of LBM if the
latter was not reported.
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2.3. Quality Assessment

Study quality was evaluated using the ‘risk-of-bias” assessment tool following the recommendations
by the Cochrane Handbook for Systematic Reviews of Interventions [24]. Two authors (A.C.G. and
J.5.M.) analyzed the following criteria: random sequence generation and allocation concealment
(selection bias), blinding of participants and research staff to group allocation (performance bias),
blinding of outcome assessor (detection bias), incomplete outcome data (attrition bias), and selective
reporting (reporting bias). Quality assessment by both reviewers was compared and disagreements in
scores were resolved through discussion with a third reviewer (P.L.V.).

2.4. Statistical Analysis

We performed a meta-analysis when a minimum of three studies compared the effects (pre-
and post-intervention data) of BP vs. WP or NP for a given endpoint. The pooled standardized
mean difference (SMD) between interventions (post- minus pre-intervention data) and 95% confidence
interval (CI) were computed using a random effects model. A conservative Pearson’ r value of 0.7
was used for the computation of the within-group SD [25], and a sensitivity analysis (r = 0.2, 0.5 or
0.9) was then performed when a significant result was found. Begg’s test was used to determine the
presence of publication bias. We considered that the analysis of an outcome was at risk of bias when
Begg’s test was significant (i.e., p < 0.05). The Q and I? statistics were used to assess heterogeneity
between studies. I? values of 25, 50, and 75% were considered reflective of low, moderate, and large
heterogeneity, respectively.

All statistical analyses were performed using the statistical software package Comprehensive
Meta-analyis 2.0 (Biostat; Englewood, NJ, USA) setting the level of significance at 0.05.

3. Results

3.1. Included Studies

From the retrieved articles, seven (including 270 participants in total) [17-22,26] met all inclusion
criteria and were included in the systematic review (Figure 1, Table 1).
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Figure 1. Flow chart of literature search.
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Table 1. Main characteristics of the included studies.

40f 14

Exercise Training

. . Baseline
Study GI;::;CE:S?;\?:SM Duration ( CO‘I:;?;:L all Protein BP Group WP Group NP Group Measurements Main Outcomes
Study Groups) Intake
28 runners (18-24
years, 14 female) -No differences in body
stratified by iron 255 g of lean beef -Dietary intake composition
Bukectal. Lo d Swedks  ypaioerse L7 e Multivitamin oty compostion femaie
201 gender, and regime g/kg/day multivitamin daily (plethysmography) -Thematocrit in females
randomized into a daily -VO2max -No differences in
BP (n = 14) or NP VOzmax
group (n = 14)
-Dietary intake
-Physical activity -1Protein intake
-Body composition -TLBM
. (DXA) -TLeg LBM
220 g lean red 1 serving pasta . .
100 females (60-90 meat (45 g protein) or rice daily ;\ﬁssﬁﬁ;?jéz;gtsA _IT\I]\(/)ISSIg?SEC;S 1tr11 BMD
Daly et al. years) randomized RT 2 times per ~1.1-1.3 6 days per week + (25-35 g CHO) . v . &
! — 4 months Lok - O (peripheral quantitative -No differences in
[17] into a BP (n = 53) or week g/kg/day 1 vitamin D3 + 1 vitamin D3 .
= computed tomography) muscle function.
NP group (1 = 47) capsule (1000-I1U) capsule .
dail (1000-1U) dail -Muscle function (TUG, -7IGF-I
y y FSST, and 30-s STS) -lIL-6
-Strength (IRM -No differences in blood
estimated from 3 RM) lipids or blood pressure.
-Blood analysis
- -Tbiceps brachialis
. -Body composition .
24 active males 20 g of beef thickness
. (~26-29 years) . supplement (16.4 20 g of WP+ 20 g of CHO + (va ethy§mography) -No differences in limb
Naclerio et al. S RT 3 times per ~15 . 250 mL of 250 mL of -Limb circumference .
randomized into a 8 weeks g protein) + 250 L L circumference or body
[21] week g/kg/day - orange juice  orange juice -Strength (1 RM) "
BP, WP or NP group mL of orange juice . composition.
7 per day per day -Muscle thickness . .
(n=8 each) per day -No differences in
(ultrasound) strength
-No differences in body
24 male master Doy composition - composton.
Naclerio etal, Tiathletes (35-60 ET4-6 timesper  ~1.3-15 20 g of beef 20gof WP 20 g of CHO VOhmax -Theme iron intake.
years) randomized 10 weeks supplement (16.4 . o .
[22] into a BP. WP or NP week g/kg/day rotein) per da per day per day -Muscle thickness -Tferritin concentrations
N ! ° & protein) per day (ultrasound) -Tmuscle thickness

group (n = 8 each)

-Blood analysis

-No differences in
VC)Zmax
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Table 1. Cont.

50f 14

Exercise Training

Participants and Protocol Baseline Additional
Study Gr i ;f . t Duration © to all Protein BP Group WP Group NP Group G 1 Measurements Main Outcomes
oup Assignmen ommon to a Intake roup
Study Groups)
Egloe Ctll{ycs(;rﬁ%ﬁgf;) -No differences in body
27 active males and 20 g of beef : composition nor muscle
females (~24-28 supgplement (164 20 g of WP+ 20 gof CHO + -Strength (total weight thiclfness
Naclerio et al. . RT 3 times per ~1.1-1.5 . . 250 mL of 250 mL of lifted) . .
years) randomized 8 weeks g protein) + 250 .. .. . -/HNP1-3 and saliva
[19] ! week g/kg/day o orange juice  orange juice -Muscle thickness
into a BP, WP or NP mL of orange juice or da or da (ultrasound) flow rate.
group (n = 8 each) per day P y p y . -No differences in
-Blood analysis
. . strength.
-Saliva analysis
26 male and female
healthy subjects -1FFM and |FM
Negroetal.  (~24 years) RT 3 times per ~1.0 135 g'(20 & No Strength (1 RM.) -No differences in LBM
N 8 weeks protein) of tinned - supplement - -Body composition . .
[26] randomized into a week g/kg/day beef per d rovided (bioimpedance) -No differences in
BP (n =12) or NP cet per day provide ormpedance strength.
group (n = 14)
-TLBM and |FM
41 male and female compared to CHO.
trained subjects -Dietary intake -No differences in body
(18-30 years) -Body composition composition compared
randomized into a RT 3 times per 46 g of (DXA). to other protein sources.
Sharp etal. WP (1 =10, 5 male), 8 weeks week and IEHT ) ~2.0-2.2 46 g of isolated BP 46 g of WP 46 g of CHO chicken -Anaerobic peak power  -No differences in
[18] BP (n =10, 5 male), times per week g/kg/day per day per day per day protein per (10-second sprint) strength.
chicken protein (n = P ’ day -Strength (1IRM) -limprovement in peak
11, 5 male) or NP -Gastrointestinal power compared to WP.
group (n =10, 4 symptoms -No differences in

male)

gastrointestinal
symptoms.

Abbreviations: BM, body mass; BMD, bone mineral density; BP, beef protein; CHO, carbohydrates; CSA, cross-sectional area; DXA, dual-energy X-ray absorptiometry; ET, endurance
training; FFM, fat-free mass; FM, fat mass; FSST, 4-square step test; HIIT, high intensity interval training; HNP1-3, human neutrophil peptides; IGF-1, insulin-like growth factor 1; IL-6,
interleukin-6; LBM, lean body mass; NP, no protein supplementation; RM, repetition maximum; RT, resistance training; STS, sit-to-stand test; TUG, timed-up-and-go test; VOymax, maximal
oxygen uptake; WP, whey protein. 7, increase; |, reduce.
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3.2. Quality Assessment and Publication Bias

The risk of bias in the included studies was overall low (Figure 2). Three of seven studies [18,20,26]
failed to perform/report an appropriate random sequence generation or allocation concealment. Three
studies (where BP was provided as lean beef) were at a high risk of performance bias because
participants were not blinded to group allocation [17,20,26].

® Low risk of bias
@ High risk of bias

2 Unclear

[0z] Te oymg
[92] Te 10 013N
[81] ‘Te 1o dreys

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants & personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data at baseline (attrition bias)

59000 -
® 0o 0o o -

Incomplete outcome data post-treatment (attrition bias)

9 9 00 O & @ [L1]rriea

® O S OO e @ (1c]ewoueeN
® 0 00 ® 6 e l]irwomweNn
® 00 0% e o liranmneN

® 6000 -

Selective reporting (reporting bias)

-

Figure 2. Quality assessment of the included studies.

3.3. Participants and Intervention Characteristics

Five studies [18-21,26] analyzed young male and female active/trained subjects whose age ranged
between ~18 and 30 years, one [22] analyzed master male athletes (35 to 60 years), and another one [17]
assessed women aged 60 to 90 years.

The duration of the interventions ranged from 8 to 16 weeks. BP was supplied as isolated
BP (powder form) in four studies [18,19,21,22] or as a lean beef supplement in a remainder of
studies [17,20,26]. The amount of protein was specified in all but one study [20], and ranged from 16.4
to 46 g/day. BP was compared with NP in all studies, and with WP in four of them [18,19,21,22]. The
nutritional intervention was combined with a resistance (‘strength’) exercise training program (2 to 3
sessions/ week) in five studies [17-19,21,26] or with aerobic exercise training (four to six sessions/week)
in one study [22]. One study [20] only reported that participants were cross-country runners who
maintained their typical usual exercise regime during the intervention.

3.4. Body Composition

Four studies [18,19,21,22] compared the effects of BP and WP on body composition, with none
reporting significant differences. Thus, the meta-analysis showed no differences between both
conditions for LBM (SMD = —0.01, p = 0.970, Figure 3A), with no signs of heterogeneity (1> = 0%,
Q = 0.152) or publication bias (p = 0.202). Similarly, no differences were found between BP and WP
for fat mass (SMD = 0.07, p = 0.760, Figure 3B), with no signs of heterogeneity (I’=0%, Q = 0.012) or
publication bias (p = 0.054).
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A Lean body mass

Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
Total inmeans limit limit  p-value weight
Naclerio et al. [21] 16 0.03 -0.95 1.01 0.945 229 .
Naclerioetal. [19] 18 0.04 -0.88 097 0930 257
Naclerio et al. [22] 16 -0.18 -1.16 080 0.719 228 -1
Sharpetal. [18] 20 0.05 -0.83 092 0.916 288
70 -001 -048 046 0970
-200 -1.00 0.00 1.00 2.00
Whey protein Beef protein
B Lean body mass
Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
Total inmeans  limit limit  p-Value weight
Naclerioetal [21] 16 0.09 -0.89 1.07 0.856 229
Naclerio etal. [19] 18 0.05 -0.87 097 0914 25.7
Naclerioetal. [22] 16 0.11 -087 109 0826 228 r
Sharpetal [18] 20 0.05 -083 083 0.911 286
70 0.07 -0.40 054 0.760
-200 -1.00 0.00 1.00 2.00
Whey protein Beef protein
C Fat mass
Study name Statistics for each study Std diff in means and 95% ClI
Std diff Lower Upper Relative
Total inmeans limit limit  p-Value weight
Burke etal.[20] 28 1.44 0861 228 0.001 12.6 —
Dalyetal.[17] 100 026 -013 066 0.191 316 -
Naclerio etal. [21] 16 0.15 -0.83 113 0.762 a7
Naclerioetal. [19] 18 0.07 -086 089 0.888 10.7 .
Naclerioetal. [22] 16 0.11 -0.87 1.09 0.820 97
Negro et al.[26] 26 0.24 -0.53 1.02 0536 141 —
Sharpetal.[18] 20 0.04 -0.84 092 0929 116
224 0.34 0.00 067 0.049 'J;
-2.00 -1.00 0.00 1.00 2.00
No protein Beef protein
D Fat mass
Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
Total inmeans  limit limit  p-Value weight
Burke etal.[20] 28 0.54 -0,21 130 0.158 12.2 j;u——
Daly etal.[17] 100 0.09 -0,31 0.48 0.667 44.8
Naclerio et al. [21] 16 0.09 -0.89 1.07 0.856 72
Naclerioetal [19] 18 0.05 -0.87 097 0.914 8.1
Naclerio et al. [22] 16 0.11 -0.87 1.09 0.826 7.2
Negro et al.[26] 26 0.19 -0.59 096 0638 11.6 —_—
Sharpetal. [18] 20 0.09 -0.79 096 0.847 9.0
224 0.15 -0.11 042 0.256 ’
-200 -1.00 0.00 1.00 2.00
No protein Beef protein

Figure 3. Effects on lean body (A) and fat mass (B) of beef vs. whey protein supplementation and

effects on lean body (panel C) and fat mass (panel D) of beef vs. no protein supplementation. Each

forest plot displays the pooled standardized difference in means and 95% confidence interval.

All included studies compared the effects of BP vs. NP on body composition. The meta-analysis
showed a beneficial effect of BP over NP for LBM (SMD = 0.34, p = 0.049, Figure 3C), with no signs of
heterogeneity (I> = 4.326%, Q = 6.271) or publication bias (p = 0.500). This effect remained significant
for r = 0.9 (SMD = 0.52, p = 0.032) or almost significant for 0.5 (SMD = 0.26, p = 0.051), but differences
did not reach statistical significance for =0.2 (SMD = 0.21, p = 0.112). No differences were found
between BP and NP for fat mass (SMD = 0.15, p = 0.256, Figure 3D), with no signs of heterogeneity
(I = 0%, Q = 1.238) or publication bias (p = 0.500).

Three studies [19,21,22] analyzed changes in muscle thickness using ultrasonography, but we
could not meta-analyze their results because these studies analyzed different muscles. One study [19]
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found no benefits on muscle thickness with BP vs. WP or NP. However, the other two reported an
improvement in the thickness of the biceps brachialis [21] or vastus medialis muscle [22] with BP compared
to WP or NP. One study [22] also analyzed changes in thigh and arm circumference and found larger
benefits with BP vs. WP or NP. Finally, one study [17] that analyzed thigh muscle cross-sectional
area as well bone mineral density (femoral neck, total hip and lumbar spine) using dual-energy X-ray
absorptiometry found no differences between BP and NP.

3.5. Exercise Performance

All retrieved studies analyzed the effects of BP on 1+ markers of exercise performance. Four
studies [17,18,21,26] analyzed the effects of BP vs. NP on lower-limb maximal strength (deadlift,
leg press, knee extension). Of these, three [18,21,26] found similar increases in strength with both
conditions, and one study [17] found an 18% greater increase in leg extension strength with BP than
with NP. The meta-analysis showed a beneficial effect of BP over NP (SMD = 0.40, p = 0.014, Figure 4A),
with no signs of heterogeneity (I> = 0%, Q = 2.954) or publication bias (p = 0.367). This effect remained
significant for r=0.5 (SMD = 0.33, p = 0.040), but not for » = 0.2 (SMD = 0.26, p = 0.098) or 0.9 (SMD
= 0.42, p = 0.150). Three studies [18,21,26] that assessed changes in upper-limb maximal muscle
strength (bench press, 1-repetition maximum [1RM]) found no differences between BP and NP, and the
meta-analysis showed no differences between both conditions for this outcome (SMD = 0.16, p = 0.536,
I? = 0%, Q = 0.058, Begg’s p-value = 0.148, Figure 4B).

A Lower-limb maximal strength

Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative

Total inmeans  limit imit  p-Value weight
Daly et al. [20] 100 063 023 1.04 0.002 59.2 —_
Naclerio etal [21] 16 005 -093 103 0921 10.6 0
Negro et al.[26] 26 0.04 -0.73 0.81 0.924 17.0 5
Sharp etal. [18] 20 010 -077 098 03816 132 u

162 040 008 072 0014 L

-200 -1.00 0.00 1.00 2.00

No protein Beef protein
B Upper-limb maximal strength
Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative

Total inmeans  limit imit  p-Value weight
Naclerio etal.[21] 16 0.09 -0.89 1.07 0.852 259 M,
Negro et al.[26] 26 023 -0.54 1.00 0.561 417 {}
Sharp etal.[18] 20 0.12 -076 099 0794 324

62 0.16 -0.34 066 0.536 4‘»

-2.00 -1.00 0.00 1.00 2.00

No protein Beef protein

Figure 4. Effects on lower- (A) and upper-limb maximal strength (B) of beef vs. no protein
supplementation. Each forest plot displays the pooled standardized difference in means and 95%

confidence interval.

Two studies [18,21] also compared the gains in 1RM with BP over WP and neither found additional
benefits. Finally, no benefits were reported with BP vs. NP for maximal oxygen uptake [20,22],
anaerobic peak power [18] or total weight lifted during a resistance training session [19].
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3.6. Nutritional Intake

Except for one study [26], where the baseline protein intake of the participants was described
as ~1.0 g/kg/day, the mean total protein intake (in g/kg/day) during the intervention was consistently
reported and ranged from 1.3 to 2.2 g/kg/day (BP), 1.7 to 2.2 g/kg/day (WP), and 1.1 to 2.0 g/kg/day
(NP). The total protein intake was higher in BP than NP (SMD = 0.68, p < 0.001, Figure 5A; 12 = 0%,
Q =1.226, Begg’s p = 0.403). This effect remained for r = 0.2 (SMD = 0.42, p = 0.006), 0.5 (SMD = 0.53,
p =0.001) or 0.9 (SMD = 1.17, p < 0.001). By contrast, no differences in protein intake were found for
BP vs. WP (SMD = 0.04, p = 0.892, Figure 5B), with no heterogeneity between studies (I* = 0%, Q =
0.016) and no signs of publication bias (p = 0.500).

A Total daily protein intake

Study name Statistics for each study Std diff in means and 95% CI
Stddiff Lower Upper Relative
Total inmeans  limit limit p-Value weight
Naclerioetal [21] 16 0.00 -0.98 098 1.000 32.0 n
Naclerioetal [19] 18 0.08 -0.84 1.01 0.860 36.0 —ﬁ—
Naclerioetal [22] 16 0.03 -0985 1.01 0.958 32.0
50 0.04 -0.52 059 0.892 *

-200 -1.00 0.00 1.00 2.00

Whey protein Beef protein

B Total daily protein intake

Study name Statistics for each study Std diff in means and 95% CI
Stddiff Lower Upper Relative

Total inmeans  limit imit  p-Value weight
Burke et al. [20] 28 0.35 -040 1.10 0.360 16.5
Dalyetal.[17] 100 0.80 0.39 1.21 0.000 551 —h
Naclerio et al. [21] 16 0.73 -0.28 1.74 0.1566 9.0
Naclerioetal. [19] 18 0.52 -042 146  0.280 104 o
Naclerioetal. [22] 16 0.68 -032 169 0.183 9.0 =

178 0.68 0.38 0.98 0.000 <

-200 -1.00 000 1.00 200

No protein Beef protein

Figure 5. Effects on total daily protein intake of beef vs. whey (A) or no protein supplementation (B).
Each forest plot displays the pooled standardized difference in means and 95% confidence interval.

Five studies [17,19-22] analyzed changes in fat intake with BP vs. NP, with no significant
differences between conditions (SMD = —0.11, p = 0.587) and with no heterogeneity between studies
(I> = 3.8%, Q = 4.158) and no publication bias (p = 0.110). Three of these studies [19,21,22] also analyzed
the changes in fat intake with BP vs. WP, and the meta-analysis showed a higher fat intake with
the former (SMD = 0.71, p = 0.015), with no heterogeneity (I> = 0%, Q = 0.195) or bias between
studies (p = 0.148). This effect remained significant for r = 0.9 (SMD = 1.22, p < 0.001), but not for 0.5
(SMD = 0.55, p = 0.056) or 0.2 (SMD = 0.44, p = 0.128).

Three studies [17,20,22] analyzed changes in iron intake with BP vs. NP. The meta-analysis
showed a non-significant trend towards a higher iron intake with BP (SMD = 0.29, p = 0.089), which
was significant for r = 0.9 (SMD = 0.46, p = 0.006), but not for » = 0.5 (SMD = 0.22, p = 0.180) or 0.2
(SMD = 0.18, p = 0.285).

3.7. Hematological Parameters

Two studies [20,22] analyzed the effects of BP vs. NP on hematological parameters, with one study
reporting an increased ferritin concentration [22] and the other study finding an increased hematocrit
(although significance was only reached for the female participants) [20].
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Three studies [17-19] analyzed the effects of BP vs. NP on lipid profile, and two of them [18,19] also
compared BP and WP. None of them found differences between interventions for any of the analyzed
variables (i.e., total cholesterol, LDL and HDL-cholesterol, or triglycerides). However, no meta-analysis
could be performed because the mean and SD values for baseline and post-intervention were not
available for all the studies.

4. Discussion

Protein supplementation might be a potentially beneficial strategy for maximizing exercise
training-related gains in body composition and performance [2], with WP receiving the most attention
to date. This systematic review and meta-analysis showed that, when combined with exercise training,
BP supplementation provides benefits on protein intake and LBM that are similar to those elicited by
WP. Our results also show that BP supplementation might be an effective means of increasing total
daily protein intake compared to NP, and suggest it might be also useful for improving LBM and
lower-limb muscle strength, although these results should be corroborated in further studies.

The popularity of WP compared to other protein sources is mainly based on a higher digestibility
of the former together with a greater content of essential amino acids such as leucine [27]. Indeed,
WP has proven to stimulate muscle protein synthesis to a greater extent than other popular protein
sources such as casein or soy [28,29]. The ingestion of BP has also demonstrated promising anabolic
effects, with the ingestion of 30 g (equivalent to 113 g of lean beef) increasing muscle protein synthesis
by ~50% compared with fasting conditions [13-15]. Moreover, the combination of BP and exercise
training might provide additional benefits, as the increase in muscle protein synthesis observed after
BP intake followed by a resistance training session is higher than that observed with the former
alone [15,16]. However, WP has been reported to have a higher digestibility (as reflected by a higher
Protein Digestibility Corrected Amino Acid Score, 1.00 vs. 0.92) as well as a greater content of essential
amino acids than BP (52% vs. 44% of total protein, respectively), including more leucine (13.6% vs.
8.8%) and lysine (10.6% vs. 8.9%) and a similar methionine content (2.5% vs. 2.3%) [27]. Of note, in
human muscle, essential amino acids make up to 45% of the total protein content, and 9.4%, 8.7%
and 2.2% of the protein comes from leucine, lysine and methionine, respectively [27]. Burd et al. [30]
compared the mean muscle protein synthesis response to the ingestion of 30 g of protein coming from
skimmed milk or beef after a resistance training session. Skimmed milk (from which WP is obtained)
was more rapidly digested and absorbed than beef, thereby resulting in a greater leucine availability,
and a higher stimulation of muscle protein synthesis in the early phase after exercise (0-2 h), but not for
the whole recovery period (0-5 h post-exercise) [30]. Thus, these results suggest that milk/WP might
be more effective than BP for the stimulation of muscle anabolism during the early postprandial stage,
but that no overall differences are found between these protein sources. In line with these findings, our
results support similar mid/long-term (>4 weeks) benefits of WP or BP supplementation on LBM.

On the other hand, the present study shows that BP might be effective compared to NP for
increasing LBM and lower-limb muscle strength, although the magnitude of the benefit was small
(SMD <0.50 in both cases) and this result should be confirmed in further studies as sensitivity analyses
raised concern about statistical significance. Furthermore, no consistent benefits were observed on
physical performance, as reflected by the lack of differences for upper-limb muscle strength. Given the
abovementioned anabolic potential of BP, which also resulted in a higher total daily protein intake than
NP, we expected greater benefits of BP on LBM and physical performance compared to NP. One of the
factors that might explain the small benefits obtained in these endpoints is that participants already
consumed an ‘optimal’ quantity of protein in their diet (1.1 to 2.0 g/kg/day for the NP group, above the
current international recommendations for the general adult population of 0.8 g/kg/day [31]). Of note,
a protein intake higher than 0.8 g/kg/day is recommended to promote skeletal muscle anabolism in
physically active individuals (i.e., 1.0, 1.3, and 1.6 g/kg/day for individuals with minimal, moderate,
and intense physical activity levels, respectively; [32]) as well as in older people (>1.2 g/kg/day, [33])
such as those included in the study of Daly et al. [17]. However, a recent meta-analysis found no
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additional benefits on LBM when protein intake was greater than 1.6 g/kg/day [2]. Thus, the daily
protein intake of the participants in the studies analyzed here could be considered within the ‘optimal’
range even without protein supplementation. Greater benefits might perhaps have been observed in
individuals with a baseline protein intake below the recommended levels.

Another purported benefit of supplementation with BP is the potential increase in iron intake,
which might theoretically improve hematological parameters. In this regard, our results show a
non-significant trend towards an increased iron intake with BP compared to NP. Two studies [20,22]
analyzed the specific changes in heme iron intake and both found increased values with BP—although
only in the female participants in one study [20]—compared to WP or NP. In line with these results,
although we could not perform a meta-analysis of hematological parameters, preliminary evidence
suggests that BP could provide benefits at hematological level, such as increased hematocrit levels in
collegiate distance runners [20] or enhanced iron (ferritin) deposits in master-age triathletes [22]. Future
research should confirm if BP might serve as an effective intervention to counteract hematological
conditions such as anemia in individuals with deficient iron intake.

An interesting finding was that, when compared to WP, BP supplementation seemed to increase the
total daily intake of fat. However, in sensitivity analysis, this effect did not reach statistical significance
and no differences in total daily fat intake were observed between BP and NP. Thus, there is not yet
clear evidence to support that BP per se significantly increases fat intake. Moreover, no differences have
been reported in lipid profile (e.g., cholesterol levels) or in fat mass with BP compared to WP or NP.
However, more research is needed in the field.

Some limitations must be noted, notably the small number of studies included, the small
sample size of most studies or the lack of participants’ blinding to group allocation in some of them.
The included studies provided BP in different forms (powder or lean beef), which might have affected
digestibility/absorption rates and potentially, anabolic responses [34]. However, although minced
beef is more rapidly digested/absorbed than beef steak resulting in a greater amino acid availability,
no differences have been reported in post-prandial muscle protein synthesis [35]. Future research
should confirm if providing BP in isolate form (powder) results in a greater anabolic response than
lean beef. The type of exercise training intervention did also differ between studies, with some
including resistance training and others using endurance training. In this regard, resistance training
is more effective for promoting muscle protein synthesis and muscle mass accretion than endurance
exercise [36], and this might have acted as a confounding variable in our findings. However, protein
supplementation can also provide benefits in individuals performing endurance exercise training,
notably by avoiding muscle catabolism—especially during periods of negative energy intake—and
through the enhancement of recovery and the promotion of exercise-induced adaptations [37]. On the
other hand, we combined studies with participants of wide age ranges, including individuals aged 60 to
90 years. In this regard, aging is associated with an impaired anabolic response to both aminoacidemia
and acute physical exercise [38], which might have acted as a confounding factor in our results.
Interestingly, the study that included older adults was the one reporting the greatest increases in
muscle strength [17]. Thus, BP supplementation might be particularly useful for this population
segment. However, statistical analyses showed no heterogeneity between studies for the outcomes
that we analyzed.

On the other hand, the benefits of supplementing with BP—and of every diet in general—should
be viewed under the context of its sustainability, that is, it should have a low environmental impact
that contributes to food and nutrition security and to a healthy lifestyle for present and future
generations [39]. Diets that primarily contain animal-derived food sources are associated with higher
greenhouse gas emissions, and indeed beef production/consumption is the food source that results
in greater gas emissions (>70 kg CO,/kg) [40]. By contrast, the production of dairy products (such
as milk or WP), and especially of plant-based protein foods, is associated with lower moderate
greenhouse gas emissions [41]. Thus, a balance between environmental sustainability and optimal
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dietary intake (particularly regarding protein consumption) should be sought, and WP might be a
more recommendable option in this regard.

5. Conclusions

This systematic review and meta-analysis of randomized controlled trials showed no
mid/long-term (>4 weeks) differences between BP and WP on total daily protein intake or body
composition (LBM, fat mass), and thus both protein sources might be similarly effective to promote
increases in LBM. However, BP resulted in a greater total daily protein intake than NP, and our results
suggest that BP might represent an effective strategy for increasing LBM and lower-limb muscle
strength. However, these and other potential benefits (including preliminary data on heme iron intake
and ferritin levels) should be confirmed in future studies.
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