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ARTICLEINFO ABSTRACT
Article type: This meta-analysis and systematic review aimed to attain specific data on the effect of branched-
Review Article chain amino acids (BCAAs) administration on muscle injuries and the indices of delayed-onset

muscle soreness (DOMS) after exercise. Literature search was performed in databases such as
Scopus, ISI, Web of Science, Scientific Information Database (SID), Cochrane Controlled Register of

Article History: ; . . . . o
Received: 23 Feb 2019 Trials (CENTRAL), and Cochrane library for the articles published until January 2017. The clinical
Accepted: 29 Apr 2019 trials examining the effects of BCAA administration on athletes were considered eligible. In total,
Published: 1 Jan 2020 42 studies were evaluated in terms of eligibility, 26 of which were excluded from the meta-analysis.
According to the meta-analysis, BCAA supplementation significantly reduced the levels of creatine
kinase 24 hours post-exercise (mean difference: -129.55 [95% CI: -237.02--22.07] IU/]; P=0.018).
Keywords: However, BCAA administration could not decrease lactate dehydrogenase promptly (mean
BCAA . difference: -10.11 [95% CI: -21.76-1.53] 1U/]; P=0.08) 24 hours post-exercise (mean difference: -
Muscle Injury 14.66 [95% CI: -32.16-2.83] IU/I; P=0.10). Therefore, it could be concluded that BCAA consumption
DOMS is inversely associated with DOMS at 24 hours (standardized mean difference [SMD] =-0.43 [95%
CK . CI: -0.71--0.16]; P=0.002), 48 hours (SMD=-0.55 [95% CI: -0.81--0.29]; P<0.0001), and 72 hours
Meta-analysis post-exercise (SMD=-0.44 [95% CI: -0.72--0.16]; P=0.002). Furthermore, the findings of the

systematic review and meta-analysis indicated that BCAA supplementation could alleviate muscle
damage within the first 24 hours after exercise, and it seems that the consumption of daily doses of
BCAA is more effective in the recovery of athletes compared to the periodic doses.

» Please cite this paper as:

Rahimlou M, Ramezani Ahmadi AH, Palimi E, Mahdipour M, Moradi Poodeh B. Reduction of Muscle Injuries and Improved Post-
exercise Recovery by Branched-Chain Amino Acid Supplementation: A Systematic Review and Meta-Analysis. ] Nutrition Fasting
Health. 2020; 8(1): 1-16. DOI: 10.22038/jnfh.2019.38666.1177

Introduction used as the indirect markers of muscle fiber
Muscle injury and delayed-onset muscle damage.

soreness (DOMS) after intensive and uncommon Various methods are applied for the assessment
physical exercise expand gently and persist for of DOMS, such as the visual analogue scale (VAS),
several days [1]. DOMS is an indicator of muscle which is used for pain measurement and
injury, affecting muscle performance in athletes. determining the personal experience of DOMS on
Abnormal muscle contractions extract the major a scale of 0-10. Several interventions have been
magnitude of DOMS, which is perceived as pain investigated for the prevention or reduction of
in the skeletal muscles upon palpation or DOMS and muscle injury and improvement of
circulation after physical exercise, generally recovery from exercise-induced muscle damage,
peaking within 24-48 hours after the exercise [2]. including  pharmacological  therapies and
Due to muscle cell damage, several myocellular physical treatments [2, 6]. Moreover, numerous
proteins (e.g., creatine kinase [3], myoglobin [4], nutritional supplements have been assessed as
and lactate dehydrogenase [5]) are released into the possible preventative/therapeutic agents,
the bloodstream, and their concentrations including branched-chain amino acids (BCAAs),
increase in the plasma. These proteins are often leucine, isoleucine, and valine [7, 8]. BCAAs

constitute 14-18% of the amino acids in muscle
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proteins. In contrast to the other essential amino
acids that are mainly catabolized in the liver,
BCAAs are primarily catabolized in muscles [9].
BCAAs are essential amino acids, which are
involved in other mechanisms in addition to their
function as essential amino acids, especially
leucine. For instance, they regulate protein
metabolism by suppressing protein degradation
and promoting protein synthesis. As such, BCAA
supplementation before or after physical
exercise could accelerate the recovery of injured
muscles [10].

Previous studies have described the beneficial
effects of BCAA administration on the DOMS.
Accordingly, BCAA supplementation before
exercise could decrease DOMS and muscle injury
within a short time post-exercise [9]. On the
other hand, some studies have reported that
BCAA supplementation could not reduce DOMS
and muscle injury during recovery from
eccentric exercise with higher intensity [5, 7, 11].
These findings suggest that BCAA

supplementation does not reduce DOMS and
muscle injuries. Due to the inconsistencies in the
findings regarding the effectiveness of BCAA
supplementation in the alleviation of muscle
injuries and DOMS, this meta-analysis aimed to
evaluate the effects of BCAA supplementation on
DOMS and muscle injury during exercise in
athletes.

Materials and Methods

This review study was conducted in accordance
with the guidelines of the PRISMA statement for
the reporting of systematic reviews and meta-
analyses. The population, intervention,
comparator, outcome, and setting (PICOS)
criteria used to perform this systematic review
are presented in Table 1. Considering the study
design (systematic review and meta-analysis),
the local legislation ethical approval was not
required. The study protocol has been registered
on PROSPERO (code: CRD42017058985).

Table 1- PICOS (population, intervention, comparator, outcome, setting) criteria used to perform the systematic review

PICOS Criteria
Population Healthy active subjects
Intervention BCAA supplementation
Comparator Placebo group
Outcome DOMS, LDH, and Creatine kinase
Setting Clinical trials
Literature Search BCAA supplementation was defined as any

Two authors (E. P. and M. M.) independently
performed an extended literature search in
databases such as Scopus, ISI, Web of Science,
Scientific Information Database (SID), Cochrane
Controlled Register of Trials (CENTRAL), and
Cochrane library for the original, full-text articles
published until January 2017. No restrictions
were applied to the publication year, and all the
studies published in English and Persian were
selected. The literature search was conducted
using various medical subject heading terms and
keywords with all their possible combinations,
including branched-chain amino acids or BCAA,
leucine, isoleucine, valine, AND athletes, or
exercise, sport, training, athletics AND muscle
damage, muscle soreness, injury, creatine kinase,
CK, creatine phosphokinase, phosphorus-
creatine kinase, CPK, delayed-onset muscle
soreness, lactate dehydrogenase, LDH, and
recovery. The related article function was also
used to expand the search, and the reference lists
of the selected full-text articles were searched for
other relevant articles.

Study Selection

treatment containing valine, leucine, and
isoleucine with or without combination with
various forms of artificial nutrition as reported in
the reviewed articles.

The inclusion criteria of the study were as
follows: 1) studies conducted on patients aged
more than 18 years; 2) studies conducted on
athletes following regular exercise regimes; 3)
controlled trials; 4) studies focused on BCAA
supplementation; 5) trials reporting at least one
of the outcomes considered in this systematic
review and meta-analysis and 6) English or
Persian articles. All the retrieved articles were
assessed regardless of the form of the
administered BCAAs (powder, pills or sports
drinks).

The articles with the following criteria were
excluded from further analysis: 1) observational
studies (cohort studies, case-control studies,
ecological studies, case reports, and case series);
2) studies using BCAA combined with other
nutrients with potential metabolic activity (e.g.,
amino acids, nucleotides, creatine, and omega-3
fatty acids); 3) articles without full-text
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availability, opinion pieces, review articles, and
editorials.

Data Extraction

An electronic database was developed in
Microsoft Excel to collect the data of all the
relevant trials. The data were extracted
independently by two researchers (E. P. and M.
M.), and in case of disagreement, A. R. A. cross-
examined the uncertain data after a consensus
meeting. The extracted data from the trials
included the name of the first author, country of
origin, year of publication, study type
(parallel/cross-over), gender of the patients,
blinding, BCAA dosage, administration method,
duration of supplementation, regimen of the
control groups, type of sport/exercise, and
measurement of various outcomes.

The primary objective of this systematic review
and meta-analysis was to determine whether
BCAA supplementation could affect recovery and
muscle injury after exercise. The following
sections represent the most frequent
measurements in conducting the meta-analysis.
In addition, data on the DOMS, serum creatine
kinase (CK), and lactate dehydrogenase (LDH)
levels before and after BCAA supplementation
were extracted in order to assess the effects of
BCAA supplementation. The quality of the
retrieved studies was evaluated by two
independent reviewers (E. P. and M. M.) based on
the Jadad scale [12].

Quality Assessment

Two reviewers (M. R. and A. R.) performed the
quality assessment of the retrieved studies
independently. The Jadad scale was employed to
assess the methodological quality of the selected
studies based on the methods pertinent to
randomization, double-blinding, and
descriptions of the withdrawals within the score
range of 0-5; the scores within the range of 0-2
were considered low, and the scores within the
range of 3-5 were considered high.

Statistical Analysis

The effect size estimated by the mean difference
(MD) was used to perform the meta-analysis
based on a fixed method. In addition, a random-
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effects meta-analysis was conducted for each
measurement where there was significant
heterogeneity between the studies [13].
Heterogeneity was assessed using the I? index by
assessing the null hypothesis that all the selected
studies shared a common effect size.
Heterogeneity was considered low at 12<30%,
moderate at [2=30-75%, and high at [2>75% [14].
In order to identify the potential source of
heterogeneity, stratified analyses were
performed based on indicators such as the BCAA
dosage (2100 mg/kg/day or <100 mg/kg/day),
duration of BCAA supplementation
(acute/chronic), and study quality (low versus
high). Acute supplementation referred to the
interventions that were conducted in a single
day.

Funnel plots were employed to visually inspect
the presence of publication bias. For the further
investigation of publication bias, Begg’s rank
correlation and Egger’s linear regression were
used. Data analysis was performed in Stata
software version 12 SE (Stata Crop, College
Station, TX, USA), and the P-value of less than
0.05 was considered statistically significant.

Results

Characteristics of the Selected Studies

As is depicted in Figure 1, the early electronic
search resulted in 485 studies after the removal
of the duplicates. After the screening of the titles
and abstracts, 443 articles were excluded due to
reporting unrelated data, using animal subjects,
and conducting review studiesIn total, 42 articles
were evaluated in terms of eligibility, and 26
studies were excluded due to wusing a
combination prepared with other ergogenic aids
or amino acids [15-18], not reporting the
measurements related to the research objectives
[19-36], inaccurate reports [37], and publication
in other languages than English or Persian [38-
40]. Among 42 studies, 16 trials fitted the
inclusion criteria of the meta-analysis. Table 2
shows the data on all the retrieved trials in this
systematic review.
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Figure 1- Flow diagram of literature search according to the PRISMA statement

Table 2- Characteristics of the Included Trials
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Shimomura, Japan Cross Female Double High 12  Acute BCAA, Dextrin, 45g CK Squat Reduction in
Y (2010)65 over (12/1 green-tea, green-tea, (1.2;2.3;1) DOMS Exercise DOMS
2) artificial artificial
sweetener, sweetener,
Matsumoto, Japan Cross Both Double High 12 3 BCAA, Arg,  Dextrin, 20 g/day CK Long- Muscle
K (2009)¢6 over (12/1 days CHO, Arg, CHO, (5;10;5) LDH distance soreness and
2) artificial artificial DOMS running  fatigue
sweetener sweetener sensation
were lower in
BCAA group
Howatson, UK  Parall Male Double High 12 12 BCAA,  Aspartame, 20 g/day CK Resistance Significant
G (2012)67 el (6/6) days aspartame, water (5;10;5) DOMS exercise  reduction
water reported in CK
and DOMS in
BCAA group
Koba, Japan Cross Male Double High 8 4  BCAA Arg, Dextrin, 2 g/day LDH Distance LDH level was
T(2007)68 over (8/8) days CHO Arg, CHO  (0.5;1;0.5) CK running reduced in the
BCAA group
Shimomura, Japan Cross Both Single Low 30 15 BCAA, Dextrin, 4.5g/day  DOMS Squat BCAA
Y(2006)5° over (30/3 days greentea, greentea, (1.2;2.3;1) exercise  supplementati
0) non- non- on prior to
nutritive nutritive squat exercise
sweetener sweetener decreased
DOMS and
muscle fatigue
Koo, G. Korea Cross Male Single Low 5 7 BCAA Not 3.15 g/day CK Rowing BCAA
H(2014)7° over (5/5) days mentioned (0.8;1.55;0 supplementati
.8) on had no
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positive effect
on the fatigue.
Ra,S.G Japan Parall Male Double High 18 18 BCAA, Starch, 9.6 g/day DOMS  Eccentric Blood
(2013)7 el (9/9) days artificial artificial ~ (2.4;4.8;2. LDH exercise  biochemical
sweetener, sweetener, 4) markers for
flavor flavor DOMS and
muscle
damage
showed
improvement
in the BCAA
supplementati
on group
rather than
placebo.
Coombes,]. Austra Parall Male Single Low 16 7 BCAA Not 12g/day CK- Healthy  Branched
(1993) lia el (8/8) days mentioned (4;4;4) LDH male Chain  Amino
" Acids
significantly
reduce the
levels of the
intramuscular
enzymes
creatine kinase
and lactate
dehydrogenase
Greer,B.K USA Cross Male Single Low 6  Acute BCAA, flavor, 25g CK Healthy BCAA
(2007) 72 -over 3/3) artificial artificial ~ (0.75;1.25; LDH male supplementati
sweetener, sweetener 0.5) DOMS on attenuates
flavor muscle
damage during
prolonged
endurance
exercise
Jackman, S. UK  Parall Male Single Low 24 3 BCAA, artificially 29.2 g/day CK Eccentric BCAA
R. (2010)73 el (12/1 days artificially sweetener, (6.8;14;8.4 DOMS exercise  supplementati
2) sweetener, flavored ) protocol  on may not
flavor attenuate
muscle
soreness
Barzegari, A Iran Parall Male Single Low 19  Acute BCAA Dextrin 278 mg/kg CK Wrestling These results
(2011)7+ el (10/9 (69.5;139;  LDH provide
) 69.5) evidence that
518 mg/kg the use of
(129.5;259 two different
;129.5) dosage of
BCAA could
not decrease
muscle
damage.
Leahy,D.T. USA Cross Both Double High 20 4 BCAA, Lemonade 122¢g DOMS  Squatting No signifcant
(2013) 52 -over (10/1 days Chloride, powder, exercise effect of BCAA
0) sodium, dextrose, supplementati
potassium, citric acid, on versus
Vitamin A, potassium, placebo was
ascorbic sodium noted on
acid, artificial muscle
Vitamin E, sweetener, damage
thiamin, magnesiu
riboflavin,  m oxide,
niacin, flavor,
Vitamin B6 lemon
juice
solids, soy
lecithin,
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artificial
color, BHA.
Kim,D.H. Korea Parall Male Double High 26  Acute BCAA was reverse 80 mg/kg CK bicycle  BCAA
(2013)7s el (13/1 dissolved osmosis  (19.2;36.8; LDH ergometer supplementati
3) in reverse water 16) on may reduce
osmosis the muscle
water damage
associated
with
endurance
exercise
Amirsasan, Iran Parall Male Single Low 19  Acute Dextrin 414 CK Wrestling Different
R (2011)7¢ el (10/9 mg/day LDH dosages of
) (103.5;207 BCAA did not
;103.5) decrease the
654 muscle
mg/day damage
(163.5;327
;163.5)
Fouré, A  France Parall Male Double High 26 5d Cellulose 100 mg/kg CK Young  No significant
(2016)77 el (13/1 (25;50;25) DOMS healthy  effect of BCAA
3) men supplementati
on versus
placebo was
noted on
muscle
damage
Mark UK Parall Both Double Low 16 Acute dextrose  87mg/kg CK Resistance Acute
Waldron el (8/8) dextrose (21.75; DOMS -trained  supplementati
(2017)48 43.5;21.75 athletes  on of BCAAs
) (0.087 g/kg)
increased the
rate of
recovery in
isometric
strength and
perceived
muscle

soreness
compared with
placebo

*Arg, Arginine; BCAA, Branched-chain amino acid; CK, Creatine kinase; DOMS, Delayed onset muscle soreness; LDH, Lactate

dehydrogenase

In total, nine studies employed a parallel study
design (41, 48, 67, 71, 73- 77), while seven
studies used a cross-over design (52, 65, 66, 68-
70, 72). The majority of the studies were
conducted on male subjects. In addition, six trials
investigated the effects of BCAA acute
supplementation (48, 65, 72, 74-76). The
duration of intervention in seven studies was less
than or equal to one week (41, 52, 66, 68, 70, 73,
77), while in three trials, the duration was longer
than one week (67, 69, 71). Based on the Jadad
scale, the study quality of nine trials was high,
while the quality of eight studies was considered
to be low due to the lack of randomization or
double-blinding.

BCAA Supplementation and CK

In total, nine (88 treatments and 88 placebos) [9,
41-48], six (64 treatments and 62 placebos) [41-
43, 48-50], six (68 treatments and 66 placebos)
[9, 42, 43, 48-50], and three studies (31
treatments and 31 placebos) [9, 42, 50] reported
the effects of BCAA supplementation on serum
CK levels to occur immediately, 24, 48, and 72
hours post-exercise, respectively. In one of the
reviewed studies, two doses of BCAA were used,
and two effect sizes were analyzed in the meta-
analysis [49]. Accordingly, BCAA
supplementation significantly reduced CK levels
24 hours post-exercise compared to the placebo
group (mean difference=-129.55 [95% CI: -
237.02--22.07] 1U/I; P=0.018; Figure 2-b).

J Nutrition Fasting Health. 2020; 8(1): 1-16.
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However, BCAA supplementation had no [95% CI: -22.35-13.64] 1U/]; P=0.63), and 72
significant effect on the CK levels immediately hours post-exercise (mean difference=-13.25
(mean difference=-5.34 [95% CI: -22.18-11.48] [95% CI: -28.79-2.27] 1U/]; P=0.53) compared to
IU/1; P=0.53), 48 hours (mean difference=-4.35 the placebo group.
A) Immediately post-exercise

Study %

D WMD (95% CI) Weight

J.Coombes (1993) —*— -5.00 (-91.37, 81.37) 3.80

Koba, T (2007) R -126.50 (-235.96,-17.04) 2.37

Greer, B. K (2007) — -56.62 (-182.80,69.56) 1.78

Matsumoto, K (2009) —— -38.52(-127.10,50.06) 3.61

Shimomura, Y (2010) - 1.23 (-18.12, 20.58) 75.70

Kim, D. H (2013) -40.16 (-117.03,36.71) 4.80

Koo, G. H (2014) —— 14.40 (-85.62,114.42) 2.83
Fouré, A (2016) — 0.00 (-76.88, 76.88) 4.80
Mark Waldron (2017) : 263.00 (-38.07, 564.07) 0.31
Overall (I-squared = 22.6%. p = 0.243) <} -5.35(-22.18,11.49) 100.00
T ; T
-564 ) 564

B) 24 hours post-exercies

Study %

ID WMD (95% CI) Weight
J.Coombes (1993) —*I_ -126.00 (-240.99,-11.01) 20.96
Greer, B. K (2007) i -457.85 (-862.44,-53.26) 5.62
Howatson, G (2012) —E-‘—- -70.62 (-161.73,20.49) 23.01
Amirsasan, R (2014) _— -414.00 (-632.01, -195.99) 12.92
Amirsasan, R (2014) —*—— -119.00 (-366.57, 128.57) 11.19
Fouré, A (2016) ——— 0.00 (-76.88, 76.88) 24.16
Mark Waldron (2017) é 262.38 (-442.76,967.52) 2.14
Overall (I-squared = 66.9%, p = 0.006) O -129.55 (-237.02, -22.08) 100.00

NOTE: Weights are from random effects analysis

T
-968 0o 968

Figure 2. Forest Plot Details on Weighted Mean Difference at 95% Confidence Interval (CI) Regarding Impact of BCAA
Supplementation on CK (Black squares show study-specific standardized differences [Std diff.] in means, and horizontal lines show
95% CI; area of black squares is proportional to specific-study weight in overall meta-analysis; center of black diamonds indicates
pooled standardized difference in means, and their width represents pooled 95% CI.)
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Moderate heterogeneity was observed between
the reviewed studies at 24 hours post-exercise
(I2=66.9; P=0.006), while heterogeneity was low
immediately (12=22.6; P=0.09), 48 hours
(I2=28.9; P=0.20), and 72 hours post-exercise
(I12=0.0; P=0.38). Figure 3 shows the cumulative
analysis of the effect of BCAA on CK levels post-
exercise. However, sensitivity analysis provided
no further data in this regard. With regard to 24

hours post-exercise, the subgroup analysis of the
study duration (acute/more than one day of
supplementation), quality (high versus low), and
supplemented dose (less than 100 mg/kg or
more than 100 mg/kg) indicated the study
quality, intervention duration, and supplement
dose to be the sources of heterogeneity. On the
other hand, the funnel plot shows no publication
bias between the reviewed trials.

A) 48 hours post-exercise

Study

ID

Greer, B. K (2007) —_—
Shimomura, Y (2010) .
Howatson, G (2012) -o-
Amirsasan, R (2014) —
Amirsasan, R (2014) —

Fouré, A (2016)

%

WMD (95% CI) Weight

-317.54 (-635.54,0.46) 1.50
-1.22 (-21.31, 18.87) 54.62
-2.57 (-45.26,40.12) 36.41
-177.00 (-376.51,22.51) 3.67

-105.00 (-318.14,108.14) 3.24

33457 (-1260.11, 1929.25) 0.06

Mark Waldron (2017) e B 229.02 (-316.96,775.00) 0.52
Overall (I-squared = 28.9%, p = 0.208) 0 -14.86 (-54.22,24.50) 100.00
NOTE: Weights are from random effects analysis
T T
-1929 0 1929
Study B) 72 hours post-exercise ”
D WMD (95% CI) Weight
Shimomura, Y (2010) . -7.96 (-28.43, 12.51) 57.58
\
Howatson, G (2012) L -20.51 (-44.36,3.34) 4242

Fouré, A (2016)

Overall (I-squared = 0.0%, p=0.382)

3260.00 (-2345.62, 8865.62) 0.00

-13.26 (-28.79, 2.28) 100.00

T
-8866 0

T
8866

Figure 3. Cumulative Analysis Details on Weighted Mean Difference and 95% CI Regarding Impact of BCAA Supplementation on CK
(Black squares show study-specific standardized differences [Std diff.] in means, and horizontal lines show 95% CI; area of black
squares is proportional to specific-study weight in overall meta-analysis; center of black diamonds indicates pooled standardized

difference in means, and their width represents pooled 95% CI.)
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BCAA Supplementation and LDH

In total, seven studies provided adequate data to
evaluate the effect of BCAA supplementation on
LDH [41, 43-45, 47, 49, 51]. As is depicted in
Figure 4, there was a trend in the reduction of
LDH immediately (mean difference=-10.11 [95%
Cl: -21.76-1.53] IU/1; P=0.08) and 24 hours post-

exercise (mean difference=-14.66 [95% CI: -
32.16-2.83] IU/l; P=0.10) in the BCAA group
compared to the placebo group. Furthermore,
the LDH levels were not significantly affected by
BCAA supplementation 48 hours after exercise
(mean difference=-7.50 [95% CI: -30.10-15.10]
IU/I; P=0.51). Heterogeneity was not evident
among the reviewed studies (12=0.0).

Study A Immediately post-exercise %o

jim}

J.Coombes (1993)
Koba, T (2007)
Greer, B. K (2007)
Matsumoto, B (20090

Kim, D.H (2013)

WD (95%6 CI) Weight

2800 (-177.38,121.38) 0.61
-17.60 (-37.51, 2.31) 3425
-34.91 (-108_88, 39.06) 248
-5.46 (-26.03, 15.11) 32.09

-351.84 (-753.77.50.09) 008

Ra S. G (2013) -3.29 (-24.39, 17.81) 30.49
Overall (I-squared = 0.0%, p = 0.493) -10.12 (-21.77. 1.54) 100.00
T T

-754 754
Study B) 24 hours post-exercise o
jus) WD (95% CI) Weight
J.Coombes (1993) -77.00 (-181.13, 27.13) 282
Greer. B. K {2007) -16.04 (-85.70. 53.62) 631
Ra, S. G (2013) —_— -12.08 (-34.87. 10.71) s8.94
Amirsasan. R (2014) —_— -17.00 (-63.66. 29.66) 14.07
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Figure 4. Forest Plot Details on Weighted Mean Difference and 95% CI Regarding Impact of BCAA Supplementation on LDH (Black
squares show study-specific standardized differences [Std diff.] in means, and horizontal lines show 95% CI; area of black squares is
proportional to specific-study weight in overall meta-analysis; center of black diamonds indicates pooled standardized difference in

means, and their width represents pooled 95% Cl.)
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Figure 5 shows the cumulative analysis
regarding the effect of BCAA on LDH levels post-
exercise. However, sensitivity analysis provided
no further data in this regard. With respect to the

A Immediately post-exercise

trials considering LDH, neither Begg's and
Egger's tests nor the visual inspection of the
funnel plot indicated publication bias.
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1
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Figure 5. Cumulative Analysis Details on Weighted Mean Difference and 95% CI Regarding Impact of BCAA Supplementation on LDH
(Black squares show study-specific standardized differences [Std diff.] in means, and horizontal lines show 95% CI; area of black
squares is proportional to specific-study weight in overall meta-analysis; center of black diamonds indicates pooled standardized
difference in means, and their width represents pooled 95% CI.)
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BCAA Supplementation and DOMS

In total, 12 effect sizes were assessed in the meta-
analysis in order to determine the effect of BCAA
supplementation on DOMS [8, 9, 11, 42, 43, 47,
48, 50-52]. Two studies provided two different
effect sizes [8, 11]. The results of the meta-
analysis (figure 6) suggested that BCAA
consumption was inversely associated with

DOMS at 24 hours (SMD=-0.43 [95% CI: -0.71--
0.16]; P=0.002), 48 hours (SMD=-0.55 [95% CI: -
0.81--0.29]; P<0.0001), and 72 hours post-
exercise (SMD=-0.44 [95% CI: -0.72--0.16];
P=0.002). Moreover, no associations were
observed between BCAA consumption and DOMS
score immediately or 96 hours post-exercise
(SMD=-0.19 [95% CI: -0.48-0.09]; P=0.18, SMD=-
0.17 [95% CI: -0.48-0.14]; P=0.27, respectively).
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j
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j
Ra, 5. G (2013) : -0.65 (-1.61_, 0.30) S.60
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Leahy, D. T (2013) _ e -0.14 (-1.02, 0.74) 10.71
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Figure 6. Forest Plot Details on Weighted Mean Difference and 95% CI Regarding Impact of BCAA Supplementation on DOMS (Black
squares show study-specific standardized differences [Std diff.] in means, and horizontal lines show 95% CI; area of black squares is
proportional to specific-study weight in overall meta-analysis; center of black diamonds indicates pooled standardized difference in

means, and their width represents pooled 9 5% CI.)

Figure 7 shows the cumulative analysis
regarding the effect of BCAA on DOMS post-
exercise. There was low heterogeneity between
the reviewed studies immediately (I12=0.0;
P=0.45), 24 hours (I?=18.4; P=0.27), and 96
hours post-exercise (12=14.1; P=0.32), while
moderate heterogeneity was observed between
the trials 48 hours (12=42.3; P=0.06) and 72
hours post-exercise ([2=35.5; P=0.13). In

J Nutrition Fasting Health. 2020; 8(1): 1-16.

addition, the subgroup analysis indicated that
the study duration (acute/more than one day of
supplementation), study quality (high versus
low), and supplemented dose (less than 100
mg/kg or more than 100 mg/kg) could be the
sources of heterogeneity. However, sensitivity
analysis indicated no changes in the results and
publication bias.
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Figure 7. Cumulative Analysis Details on Weighted Mean Difference and 95% CI Regarding Impact of BCAA Supplementation on DOMS
(Black squares show study-specific standardized differences [Std diff.] in means, and horizontal lines show 95% CI; area of black
squares is proportional to specific-study weight in overall meta-analysis; center of black diamond's indicates pooled standardized

difference in means, and their width represents pooled 95% CI.)

Discussion

To the best of our knowledge, the current meta-
analysis is the first review study to provide new
insight into the effects of BCAAs on post-exercise
recovery at various time intervals, as well as
some factors associated with muscle injury. This
systematic review and meta-analysis
demonstrated that BCAA supplementation
significantly decreased CK levels at 24 hours
post-exercise, while it did not decrease LDH
immediately and 24 hours post-exercise.
Additionally, BCAA consumption was reported to
be reversely associated with DOMS at 24, 48, and
72 hours post-exercise.

Within the past years, numerous studies have
indicated that nutritional strategies could
alleviate  exercise-induced  injuries and
accelerate recovery. BCAA supplementation has
been used in this regard more frequently
compared to other supplements [53]. In the
studies by Rahimi et al. [54] and Sorichter et al.
[55], BCAA supplementation was evaluated in
terms of the quantity of skeletal muscle damage,
while in the present study, we assessed the
effects of BCAA on the plasma levels of CK and

12

LDH, as well as DOMS at various time intervals in
order to determine the effects of BCAA
supplementation on post-exercise recovery.

CK is considered to be a more accurate indicator
for muscle damage and has been used in several
studies for the evaluation of muscle injuries [56].
According to the results of this meta-analysis,
BCAA supplementation could reduce CKlevels 24
hours post-exercise, while the changes in the CK
level immediately, 48, and 72 hours post-
exercise were not considered significant.
Furthermore, BCAA supplementation at 24 hours
after exercise decreases CK levels. CK is an
indicator of the gaps in sarcolemma or cell
membrane damage [57]. Therefore, it could be
concluded that athletes with exercise-induced
muscle damage, BCAA supplementation could
enhance cell membrane, while the presence of
such beneficial effects may require athletes to
take daily supplemental BCAA support.
According to the results of this review, BCAA
supplementation could reduce LDH levels
immediately and 24 hours after exercise. LDH is
an enzyme that converts pyruvate into lactate.
Exercise causes a significant increase in LDH

J Nutrition Fasting Health. 2020; 8(1): 1-16.
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depending on exercise intensity and duration
[58, 59]. Some studies have denoted a significant
increase in LDH levels between days two and five
post-exercise [60, 61]. This is the reason for the
fact that BCAA supplementation cannot reduce
LDH levels at 48- and 72-hour intervals.
According to the literature, the effects of BCAA on
the reduction of CK and LDH may depend on
exercise conditions, the primary site of muscle
damage, and training conditions [54].

According to this review study, BCAA
supplementation is inversely associated with
DOMS at 24-, 48-, and 72-hour time intervals. The
mechanism that causes muscle soreness
following intense exercise remains unclear,
while some studies have indicated that a possible
cause for exercise-induced DOMS is oxidative
stress and exercise-induced free radicals, as well
as inflammation in the connective tissue
elements [62, 63]. This may sensate nociceptors
and increase pain perception [64]. According to
the literature, BCAA supplementation could
decrease oxidative stress and free radical levels
in athletes [51]. In addition, BCAA uptake for
protein synthesis may reduce CK flux, thereby
diminishing secondary damage and limiting the
extent of damage, which in turn leads to the
reduction of soreness precipitation [50].

One of the strengths of this review study was that
we examined the effects of BCAA
supplementation at various time intervals so as
to identify the optimal time for the use of this
supplement in case of muscle damage. One of the
limitations of the current review was that some
factors might have influenced the inconclusive
findings in the analysis, such as the difference in
the duration of the studies (acute/more than one
day of supplementation), study quality
(high/low), and supplement dose (less than 100
mg/kg or more than 100 mg/kg). In the current
review, we selected the studies with various
doses of BCAA from 1.22 grams [52] to 29.2
grams [11]. In addition, the manufacturers of
BCAA supplements were different, which might
have influenced supplement bioavailability.
Furthermore, it was not possible to examine the
effects of other influential factors in the recovery
of athletic, such as inflammation, neuromuscular
function, and muscle function.

Conclusion

The current document-based data demonstrated
that BCAA supplementation could reduce muscle
damage within the first 24 hours after exercise.

J Nutrition Fasting Health. 2020; 8(1): 1-16.

In addition, use of daily BCAA doses could be
more effective in the recovery of athletes
compared to the periodic doses.
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