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ABSTRACT
Purpose: Previous studies have suggested that beta-alanine supple-
mentation may benefit exercise performance, but current evidence 
regarding its effects on body composition remains unclear. This 
systematic review and meta-analysis aimed to investigate the effects 
of beta-alanine supplementation on body composition indices.
Methods: Online databases, including PubMed/Medline, Scopus, 
Web of Science, and Embase, were searched up to April 2021 to 
retrieve randomized controlled trials (RCTs), which examined the 
effect of beta-alanine supplementation on body composition 
indices. Meta-analyses were carried out using a random-effects 
model. The I2 index was used to assess the heterogeneity of RCTs.
Results: Among the initial 1413 studies that were identified from 
electronic databases search, 20 studies involving 492 participants 
were eligible. Pooled effect size from 20 studies indicated that beta- 
alanine supplementation has no effect on body mass (WMD: −0.15 kg; 
95% CI: −0.78 to 0.47; p = 0.631, I2 = 0.0%, p = 0.998), fat mass (FM) 
(WMD: −0.24 kg; 95% CI: −1.16 to 0.68; p = 0.612, I2 = 0.0%, p = 0.969), 
body fat percentage (BFP) (WMD: −0.06%; 95% CI: −0.53 to 0.40; 
p = 0.782, I2 = 0.0%, p = 0.936), and fat-free mass (FFM) (WMD: 
0.05 kg; 95% CI: −0.71 to 0.82; p = 0.889, I2 = 0.0%, p = 0.912). 
Subgroup analyses based on exercise type (resistance training [RT], 
endurance training [ET], and combined training [CT]), study duration 
(<8 and ≥8 weeks), and beta-alanine dosage (<6 and ≥6 g/d) demon-
strated similar results. Certainty of evidence across outcomes ranged 
from low to moderate.
Conclusions: This meta-analysis study suggests that beta-alanine 
supplementation is unlikely to improve body composition indices 
regardless of supplementation dosage and its combination with 
exercise training. No studies have examined the effect of beta- 
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alanine combined with both diet and exercise on body composition 
changes as the primary variable. Therefore, future studies examin-
ing the effect of the combination of beta-alanine supplementation 
with a hypocaloric diet and exercise programs are warranted.

1. Introduction

Various nutritional strategies are recommended to improve body composition by decreasing 
body fatness (both fat mass [FM] and body fat percentage [BFP]) and/or enhancing lean mass 
[1–3]. The use of protein sources, often combined with exercise training to improve body 
composition, is prevalent among both athletes and the general population [1]. Indeed, the 
beneficial effects of protein-rich foods, such as egg [1], milk [3], soy [2], and meat [4] on FM loss 
and lean mass gains are well established. Non-protein compounds are also used to improve 
body composition as evidence suggests they play important physiological roles, such as 
metabolic intermediates, biomolecular components, and post-translational modifiers [5].

Beta-alanine, in particular, has gained considerable interest for this purpose and provides 
the focus of this investigation. Beta-alanine, a non-proteogenic amino acid, has become an 
increasingly popular dietary supplement as it boosts intramuscular carnosine (beta-alanyl 
-L-histidine) concentrations, which augments the fatigue threshold and improves high- 
intensity exercise performance [6]. This beneficial advantage of beta-alanine has increased 
its utilization among athletes. In this regard, a systematic review of 19 randomized controlled 
trials (RCTs) showed that beta-alanine supplementation increases athletic performance [7]. In 
another review study, its beneficial effects on exercise homeostasis and excitation-contraction 
coupling have also been indicated [6]. Taken together, most of the literature has focused on 
beta-alanine’s effects on exercise performance [6–11]. However, its effects on body composi-
tion are less studied. It has been hypothesized that beta-alanine supplementation could lead 
to improvements in lean mass by increasing the volume of training, although evidence is 
equivocal. For instance, beta-alanine supplementation increased lean mass after 3 weeks of 
high-intensity interval training (HIIT) in recreationally active college-aged men [11]. On the 
other hand, Kern et al. did not report changes in body composition or lean mass after beta- 
alanine supplementation for 8 weeks in previously trained athletes [12]. Additionally, 28 days 
of beta-alanine supplementation failed to affect body composition in female master athletes 
[13]. Likewise, no significant effects of 10 weeks of resistance training combined with beta- 
alanine supplementation were observed on BFP [14]. These conflicting outcomes indicate 
a need to conduct a systematic review and meta-analysis to assess the effects of beta-alanine 
supplementation on this topic. Therefore, we conducted a systematic review and meta- 
analysis to investigate beta-alanine’s effects on body composition indices (body mass, BFP, 
FM, and fat-free mass [FFM]).

2. Methods

This study was performed based on the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) protocol to conduct and disseminate systematic reviews and 
meta-analyses [15].
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3. Search strategy

To find interrelated studies on beta-alanine supplementation in adults, we per-
formed a comprehensive literature search in online databases including PubMed/ 
Medline, Scopus, Web of Science, and Embase for the time period up to April 2021. 
The following terminology was utilized in the search: (“β-alanine’ OR ‘beta-alanine’ 
OR ‘b-alanine supplementation’ OR ‘beta-alanine supplementation’ OR ‘beta ala-
nine’ OR ‘carnosine’ OR ‘βalanine’ and ‘beta-alanine’) AND (‘Intervention Study’ OR 
‘Intervention Studies’ OR ‘controlled trial’ OR randomized OR randomized OR ran-
dom OR randomly OR placebo OR ‘clinical trial’ OR ‘randomized controlled trial’ OR 
‘randomized clinical trial’ OR RCT OR blinded OR ‘double blind’ OR ‘double blinded’ 
OR ‘clinical trial’ OR trials OR ‘Pragmatic Clinical Trial’ OR ‘Cross-Over Studies’ OR 
‘Cross-Over’ OR ‘Cross-Over Study’ OR parallel OR ‘parallel study’ OR ‘parallel trial’). 
Search parameters were not restricted to publication date or original printed 
language. References from all relevant peer-reviewed investigations were consulted 
and cross-referenced against database searches to avoid omitting publications. All 
citations were subsequently included in the Endnote screening software, and 
duplicates were later removed from consideration in this study.

4. Inclusion criteria

In the present study, consideration was given to studies meeting all of the PICO 
criteria: (Participants) Adults (subjects older than 18 years), (Intervention) used 
a beta-alanine supplementation intervention/regimen, (Comparison) included 
a placebo or control group, (outcomes) body composition variables as an outcome 
(body mass, BFP, FM, and FFM). In the event of multiple cohort data publications 
from a single larger dataset, the more comprehensive article, whenever possible, was 
utilized in the present study. Studies containing more than one intervention group 
meeting the above criteria were considered independent datasets to determine the 
overall effect size.

5. Exclusion criteria

Investigation excluded from consideration comprised [1]: cross-sectional or case-control 
design [2], non-RCTs and literature reviews [3], ecological studies [4], control group 
manipulation of any sort [5], lack of a placebo or control group [6], performed on 
participants not meeting the minimum age criteria (<16 years), and [7] the combination 
of beta-alanine with other supplements when compared with a placebo group.

6. Data extraction

Two independent investigators (DAL and OA) completed screening studies and data 
extraction from each qualified study. Extracted data contained the name of the primary 
investigator, year of publication, country of origin, study design, participant group size 
(placebo/control and intervention), participant demographics [(mean ± standard 
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deviation [SD], age, body mass index (BMI), and sex)], beta-alanine dosage, duration of 
intervention, mean ± SD of body composition changes for both intervention and control 
groups, and any confounding variables utilized or accounted for in the randomized 
controlled trial (RCT). Dataset values were converted to the most common units of 
expression, whenever possible, for data analysis purposes.

7. Quality assessment

Study quality was measured by two independent reviewers (DAL and OA) using the 
Cochrane Collaboration modified risk of bias tool, which determines study bias in seven 
domains, including random sequence generation, allocation concealment, reporting bias, 
performance bias, detection bias, attrition bias, and other potential sources of bias [16]. 
Consequently, terms including ‘Low’, ‘High’, or ‘Unclear’ were used to classify each domain 
of study bias. Dissimilarities between independent reviewers on the level of study bias in 
each domain were evaluated and resolved by the corresponding author.

8. Statistical analysis

Weighted mean differences (WMD) and SDs of body composition (body mass, FM, BFP, 
and FFM) from both intervention and control groups were extracted and used to generate 
overall effect sizes as determined by the random-effects model approach of DerSimonian 
and Laird [17]. Additionally, when mean changes were not reported following beta- 
alanine supplementation (i.e. only mean value at baseline and again at post- 
intervention were noted in the study), the following formula was used to derive such 
changes: mean change = final post-intervention body composition indices value − base-
line value for the same; and subsequently, changes in SDs of mean change scores were 
calculated by the following formula [18]: 

SD change ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½ SD baselineð Þ^2 þ SD finalð Þ^2 � 2R� SD baseline� SD finalð Þ

p
:

The correlation coefficient (R) was considered as 0.8 (between 0 and 1), which is in 
accordance with prior meta-analytic work [18–20]. Moreover, reported standard 
errors (SEs), 95% confidence intervals (CIs), and interquartile ranges (IQRs) were 
converted to SDs using the method of Hozo et al. [21]. Subsequently, a random- 
effects model, which incorporates between-study variations, was utilized to deter-
mine the overall body composition effect size. Heterogeneity between studies was 
performed using Cochran’s Q test and analyzed by an I-square (I2) statistic [22] 
where I2 > 40% or p < 0.01 was considered as having high between-study hetero-
geneity [23]. Sensitivity analysis was undertaken to determine the individual study 
effect on the overall estimation of effect [24]. The possibility of publication bias was 
further verified through Begg’s test and funnel plots [25]. STATA, version 11.2 (Stata 
Corp, College Station, TX), was used to perform statistical analysis. P-values <0.05 
were considered statistically significant for all analyses.
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9. Certainty assessment

The overall certainty of evidence across studies was assessed based on GRADE (Grading of 
Recommendations Assessment, Development, and Evaluation) guidelines working group 
(gradeworkinggroup.org) [26]. The quality of evidence was subsequently classified into 
four categories according to the corresponding evaluation criteria, including high, mod-
erate, low, and very low [27].

10. Results

Study selection

The initial databases search yielded 1413 studies, 238 of which were removed due to 
duplication. Another 1147 studies were excluded for the following reasoning: unrelated 
title and abstract not warranting full-text review (n = 843), animal (n = 217) and review 
studies (n = 87). Consequently, 28 relevant studies remained for full-text review and meta- 
analysis consideration. Eight studies were excluded because of a lack of necessary data 
reporting or other required information as outlined in the inclusion/exclusion criteria. 
Finally, 20 studies achieving all necessary criteria were included for meta-analysis in the 
present study (Figure 1).

Study characteristics

The 20 included studies [11–14,28–43] contained a total of 25 intervention arms, which 
are shown in Table 1. These studies were published between 2008 and 2021, and in total, 
492 participants were included. The study design of 19 studies was parallel (case = 242 
participants and control = 242 participants), and one study had a crossover design (8 
participants). Study duration varied from 3 to 10 weeks, while sample sizes ranged from 8 
to 36 participants. Participants’ ages ranged from 17.4 to 53.5 years and baseline BFP from 
7.8% to 35.7%. Beta-alanine dosage range was between 1.6 and 6.4 g/d. Except for two 
studies [31,39], others used beta-alanine supplementation combined with exercise train-
ing. Furthermore, most investigations (13 studies) were performed on men, whereas four 
studies utilized women and three included participants of both sexes. Quality assessment 
characteristics of studies are provided in Table 2.

11. Meta-analysis

The effects of beta-alanine supplementation on body mass

Outcomes analysis of the 16 studies (21 arms in total) [11,12,14,28–33,36–38,40–43] 
(n = 387) that measured body mass following beta-alanine supplementation did not show 
an overall effect of a significant change in body mass (WMD: −0.15 kg; 95% CI: −0.78 to 0.47; 
p = 0.631, I2 = 0.0%, p = 0.998) (Figure 2(a)). In addition, all subgroup analyses did not 
indicate any changes in body mass following beta-alanine supplementation (Table 3).
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The effects of beta-alanine supplementation on FM

Based on the results of six studies [11,30–32,39,43] containing 7 total effect sizes (n = 154), 
beta-alanine supplementation failed to change FM (WMD: −0.24 kg; 95% CI: −1.16 to 0.68; 
p = 0.612, I2 = 0.0%, p = 0.969) (Figure 2(b)) regardless of exercise type, study duration, and 
the dose of supplementation (Table 3).

Records identified through database searching: 
PubMed (310), Scopus (1005), and Embase 
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Records screened by title/abstracts  
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Records excluded:  
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Figure 1. Flowchart of study selection for inclusion trials in the systematic review.

JOURNAL OF EUROPEAN CME (JECME) 201



Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 s

tu
di

es
 in

 t
he

 m
et

a-
an

al
ys

is
.

St
ud

y
Pa

rt
ic

ip
an

ts
St

ud
y 

de
si

gn
Ex

er
ci

se
 in

te
rv

en
tio

n

Sa
m

pl
e 

si
ze

 
(in

te
rv

en
tio

n/
 

co
nt

ro
l)

D
ur

at
io

n
Bo

dy
 a

na
ly

ze
r 

m
et

ho
d

M
ea

n 
ag

e
M

ea
n 

BF
P

Be
ta

-a
la

ni
ne

 
gr

ou
p

Co
nt

ro
l g

ro
up

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
bo

dy
 

m
as

s*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
BF

P*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
FF

M
*

Sh
bi

b 
et

 a
l. 

20
21

M
al

e 
ha

nd
ba

ll 
pl

ay
er

s
RA

/D
B/

 
PC

 
(P

ar
al

le
l)

RT
. F

ou
r 

ex
er

ci
se

s 
of

 3
 s

et
s 

of
 1

2 
re

ps
 w

er
e 

ap
pl

ie
d 

in
 t

hi
s 

pl
yo

m
et

ric
 r

eg
im

en
 w

er
e 

ad
de

d 
to

 t
he

 r
eg

ul
ar

 h
an

db
al

l 
pr

ac
tic

e,
 3

 s
es

si
on

s/
w

k

18
 (9

/9
)

4 
w

k
BI

A
21

.6
15

.7
0.

1 
g/

kg
/d

 
be

ta
-a

la
ni

ne
0.

1 
g/

kg
/d

  
m

al
to

de
xt

rin
↔

↔
N

D

D
el

ex
tr

at
 

et
 a

l. 
20

20

Am
at

eu
r 

m
al

e 
an

d 
fe

m
al

e 
te

am
- 

an
d 

ra
ck

et
 s

po
rt

 
pl

ay
er

s

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

CT
. 5

-h
 o

f w
ee

kl
y 

tr
ai

ni
ng

, 
in

cl
ud

in
g 

2-
h 

of
 R

T 
an

d 
3-

h 
of

 
ae

ro
bi

c-
ba

se
d 

ex
er

ci
se

 m
ix

ed
 

w
ith

 t
ac

tic
al

 w
or

k.

21
 (1

0/
11

)
4 

w
k

BI
A

24
.7

16
.3

6 
g/

d 
be

ta
- 

al
an

in
e

11
 g

/d
 r

ic
e 

flo
ur

↔
↔

N
D

23
 (1

2/
11

)
4 

w
k

BI
A

25
.8

14
.7

6 
g/

da
y 

be
ta

- 
al

an
in

e 
+

 
5 

g/
d 

cr
ea

tin
e

5 
g/

d 
cr

ea
tin

e
↓

↔
N

D

Sm
ith

 e
t 

al
. 

20
19

M
al

e co
lle

gi
at

e 
ru

gb
y 

pl
ay

er
s

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

CT
. P

ar
tic

ip
an

ts
 w

er
e 

en
ga

ge
d 

in
 

w
ee

kl
y 

te
am

-b
as

ed
 s

tr
en

gt
h 

an
d 

co
nd

iti
on

in
g 

se
ss

io
ns

 a
nd

 
w

ee
kl

y 
te

am
 p

ra
ct

ic
es

 
fo

cu
si

ng
 u

po
n 

st
ra

te
gy

 a
nd

 
co

nd
iti

on
in

g.

15
 (8

/7
)

6 
w

k
D

XA
21

21
.3

6.
4 

g/
d 

be
ta

- 
al

an
in

e
6.

4 
g/

d 
m

al
to

de
xt

rin
↔

↔
↔

H
oo

sh
m

an
d 

et
 a

l. 
20

19

Se
de

nt
ar

y 
ov

er
w

ei
gh

t 
w

om
en

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

N
o 

ex
er

ci
se

 in
te

rv
en

tio
n.

 
Pa

rt
ic

ip
an

ts
 w

er
e 

as
ke

d 
to

 
co

nt
in

ue
 th

ei
r r

ou
tin

e 
ph

ys
ic

al
 

ac
tiv

ity

34
 (1

7/
17

)
6 

w
k

BI
A

20
-4

5
35

.7
1.

6 
g/

d 
be

ta
- 

al
an

in
e

Pl
ac

eb
o 

ta
bl

et
s

↔
↔

↔

Fr
ei

ta
s 

et
 a

l. 
20

19
Re

cr
ea

tio
na

lly
 

re
si

st
an

ce
- 

tr
ai

ne
d 

m
en

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

RT
. T

he
 p

ro
gr

am
 c

on
si

st
ed

 o
f 5

-7
 

ex
er

ci
se

s,
 t

hr
ee

 s
et

s 
of

 1
0-

12
 

RM
 w

ith
 9

0-
12

0 
s 

of
 r

es
t 

be
tw

ee
n 

se
ts

.

22
 (1

1/
11

)
4 

w
k

BI
A

23
.7

18
.1

6.
4 

g/
d 

be
ta

- 
al

an
in

e
6.

4 
g/

d 
m

al
to

de
xt

rin
↔

↔
↔

Ja
qu

es
 e

t 
al

. 
20

19
M

al
e 

an
d 

fe
m

al
e 

ro
w

er
s

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

CT
. 6

 s
es

si
on

s/
w

ee
k 

fo
r t

w
o 

ho
ur

s 
(a

 c
om

bi
na

tio
n 

of
 a

 r
ow

in
g 

sp
ec

ifi
c 

en
du

ra
nc

e 
w

or
k 

an
d 

ro
w

in
g 

dr
ill

s 
to

 r
efi

ne
 r

ow
in

g 
te

ch
ni

qu
e)

 a
nd

 t
w

o,
 o

ne
-h

ou
r 

RT
 s

es
si

on
s.

22
 (1

0/
12

)
4 

w
k

Bo
d 

Po
d

19
.3

20
.4

3.
2 

g/
d 

be
ta

- 
al

an
in

e 
(w

ith
 

po
w

de
re

d 
le

m
on

ad
e 

m
ix

)

Po
w

de
re

d 
le

m
on

ad
e 

m
ix

↔
↔

↔

(C
on

tin
ue

d)

202 D. ASHTARY-LARKY ET AL.



Ta
bl

e 
1.

 (C
on

tin
ue

d)
.

St
ud

y
Pa

rt
ic

ip
an

ts
St

ud
y 

de
si

gn
Ex

er
ci

se
 in

te
rv

en
tio

n

Sa
m

pl
e 

si
ze

 
(in

te
rv

en
tio

n/
 

co
nt

ro
l)

D
ur

at
io

n
Bo

dy
 a

na
ly

ze
r 

m
et

ho
d

M
ea

n 
ag

e
M

ea
n 

BF
P

Be
ta

-a
la

ni
ne

 
gr

ou
p

Co
nt

ro
l g

ro
up

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
bo

dy
 

m
as

s*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
BF

P*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
FF

M
*

As
ka

ri 
et

 a
l. 

20
19

Re
si

st
an

ce
- 

tr
ai

ne
d 

m
en

RA
/P

C 
(P

ar
al

le
l)

RT
. T

he
 p

ro
gr

am
 c

on
si

st
ed

 o
f 8

 
ex

er
ci

se
s 

of
 a

ll 
m

aj
or

 m
us

cl
e 

gr
ou

ps
, t

hr
ee

 s
et

s 
of

 8
-1

2 
RM

 
w

ith
 7

0-
80

%
 o

f 1
RM

, 3
 

se
ss

io
ns

/w
ee

k,
 a

nd
 8

5 
m

in
/ 

se
ss

io
n.

20
 (1

0/
10

)
8 

w
k

Sk
in

fo
ld

 
th

ic
kn

es
s  

m
ea

su
re

m
en

t

17
.4

14
.1

4.
8 

g/
d 

be
ta

- 
al

an
in

e
4.

8 
g/

d 
 

po
ly

de
xt

ro
se

↔
↔

N
D

Ja
ffe

 e
t 

al
. 

20
18

Ph
ys

ic
al

ly
 

ac
tiv

e 
m

al
es

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

M
od

er
at

e 
to

 m
ax

im
al

-e
ffo

rt
 t

ot
al

 
bo

dy
 w

ei
gh

t 
lif

tin
g,

 s
pr

in
tin

g,
 

pl
yo

m
et

ric
 e

xe
rc

is
es

, a
nd

 
re

gu
la

r 
en

du
ra

nc
e 

tr
ai

ni
ng

30
 (1

6/
14

)
6 

w
k

Bo
d 

Po
d

20
.5

15
.3

6 
g/

d 
be

ta
- 

al
an

in
e

6 
g/

d m
al

to
de

xt
rin

N
D

↔
↔

W
an

g 
et

 a
l. 

20
18

Re
cr

ea
tio

na
lly

 
ac

tiv
e 

m
en

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

CT
. 5

–7
 h

ou
rs

 o
f r

es
is

ta
nc

e 
or

 
en

du
ra

nc
e 

tr
ai

ni
ng

 p
er

 w
ee

k 
(8

 t
ra

in
in

g 
se

ss
io

ns
 o

ve
r 

4 
w

ee
ks

) i
n 

no
rm

ox
ia

 o
r 

hy
po

xi
a

19
 (1

1/
8)

4 
w

k
Bo

d 
Po

d
22

.6
19

.4
6.

4 
g/

d 
be

ta
- 

al
an

in
e

6.
4 

g/
d 

ric
e 

po
w

de
r

↔
↔

N
D

19
 (1

0/
9)

4 
w

k
Bo

d 
Po

d
22

.6
15

6.
4 

g/
d 

be
ta

- 
al

an
in

e
6.

4 
g/

d 
ric

e 
po

w
de

r
↔

↔
N

D

G
le

nn
 e

t 
al

. 
20

16
fe

m
al

e 
m

as
te

rs
 

cy
cl

is
ts

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

ET
. D

et
ai

ls
 w

er
e 

N
D

 .
22

 (1
1/

11
)

4 
w

k
D

XA
53

.5
30

.5
3.

2 
g/

d 
be

ta
- 

al
an

in
e 

+
 

32
 g

 
de

xt
ro

se

32
 g

 d
ex

tr
os

e
N

D
↔

N
D

G
ro

ss
 e

t 
al

. 
20

14
pr

of
es

si
on

al
 

al
pi

ne
 

sk
ie

rs

D
B/

PC
 

(P
ar

al
le

l)
CT

. i
t 

co
ns

is
ts

 o
f h

ig
h 

vo
lu

m
es

 o
f 

st
re

ng
th

 a
nd

 c
on

di
tio

ni
ng

 
tr

ai
ni

ng
 a

nd
 o

n-
sn

ow
 s

ki
 

tr
ai

ni
ng

.

9 
(5

/4
)

5 
w

k
Sk

in
fo

ld
 

th
ic

kn
es

s 
m

ea
su

re
m

en
t

19
.5

12
.7

4.
8 

g/
d 

be
ta

- 
al

an
in

e
4.

8 
g/

d 
m

al
to

de
xt

rin
↔

↔
N

D

(C
on

tin
ue

d)

JOURNAL OF EUROPEAN CME (JECME) 203



Ta
bl

e 
1.

 (C
on

tin
ue

d)
.

St
ud

y
Pa

rt
ic

ip
an

ts
St

ud
y 

de
si

gn
Ex

er
ci

se
 in

te
rv

en
tio

n

Sa
m

pl
e 

si
ze

 
(in

te
rv

en
tio

n/
 

co
nt

ro
l)

D
ur

at
io

n
Bo

dy
 a

na
ly

ze
r 

m
et

ho
d

M
ea

n 
ag

e
M

ea
n 

BF
P

Be
ta

-a
la

ni
ne

 
gr

ou
p

Co
nt

ro
l g

ro
up

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
bo

dy
 

m
as

s*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
BF

P*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
FF

M
*

Kr
es

ta
 e

t 
al

. 
20

14
Re

cr
ea

tio
na

lly
 

ac
tiv

e 
fe

m
al

e

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

CT
. e

xe
rc

is
e 

su
ch

 a
s 

ru
nn

in
g,

 
cy

cl
in

g,
 s

w
im

m
in

g,
 r

es
is

ta
nc

e 
tr

ai
ni

ng
, fi

tn
es

s 
cl

as
se

s 
fo

r 
at

 
le

as
t 

30
 m

in
ut

es
 p

er
 d

ay
 fo

r 
3-

da
ys

 p
er

-w
ee

k

15
 (8

/7
)

4 
w

k
D

XA
21

.5
27

.8
0.

1 
g/

kg
/d

 
be

ta
-a

la
ni

ne
0.

1 
g/

kg
/d

 
m

al
to

de
xt

rin
↔

↔
↔

17
 (9

/8
)

4 
w

k
D

XA
21

.5
25

.6
0.

1 
g/

kg
/d

 
be

ta
-a

la
ni

ne
 

+
 0

.3
 g

/k
g/

d 
of

 c
re

at
in

e 
fo

r 
w

ee
k 

1 
an

d 
0.

1 
g/

 
kg

/d
ay

 fo
r 

w
ee

ks
 2

–4
.

0.
3 

g/
kg

/d
 o

f 
cr

ea
tin

e 
fo

r 
w

ee
k 

1 
an

d 
0.

1 
g/

kg
/d

ay
 

fo
r 

w
ee

ks
 2

– 
4.

↔
↔

↔

H
off

m
an

 
et

 a
l. 

20
14

.

M
al

e 
co

m
ba

t 
so

ld
ie

rs
RA

/D
B/

 
PC

 
(P

ar
al

le
l)

CT
. I

t 
co

ns
is

ts
 o

f m
ili

ta
ry

 t
ra

in
in

g 
ta

sk
s,

 in
cl

ud
in

g 
co

m
ba

t 
sk

ill
 

de
ve

lo
pm

en
t, 

ph
ys

ic
al

 w
or

k 
un

de
r 

pr
es

su
re

, n
av

ig
at

io
na

l 
tr

ai
ni

ng
, s

el
f-

de
fe

ns
e/

 h
an

d-
to

 
-h

an
d 

co
m

ba
t, 

an
d 

co
nd

iti
on

in
g.

18
 (9

/9
)

4 
w

k
N

D
20

.1
N

D
6 

g/
d 

be
ta

- 
al

an
in

e
6 

g/
d 

ric
e 

po
w

de
r

↓
N

D
N

D

Sa
le

 e
t 

al
. 

20
12

ph
ys

ic
al

ly
 

ac
tiv

e 
m

al
es

PC
 

(P
ar

al
le

l)
N

D
 (p

ar
tic

ip
an

ts
 w

er
e 

re
qu

es
te

d 
to

 m
ai

nt
ai

n 
si

m
ila

r 
le

ve
ls

 o
f 

ph
ys

ic
al

 a
ct

iv
ity

)

13
 (7

/6
)

4 
w

k
N

D
23

N
D

6.
4 

g/
d 

be
ta

- 
al

an
in

e
6.

4 
g/

d 
m

al
to

de
xt

rin
↔

N
D

N
D

O
ut

la
w

 e
t 

al
. 

20
12

U
nt

ra
in

ed
 

co
lle

gi
at

e 
fe

m
al

es

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

RT
. F

ou
r-

da
y-

pe
r-

w
ee

k 
RT

 
pr

og
ra

m
 u

si
ng

 a
n 

up
pe

r 
an

d 
lo

w
er

-b
od

y 
sp

lit
 p

ro
gr

am
 a

t 
~

65
%

 o
f 1

RM
.

15
 (7

/8
)

8 
w

k
D

XA
21

30
.1

3.
4 

g/
d 

be
ta

- 
al

an
in

e
5 

g/
d m
al

to
de

xt
rin

↔
↔

↔

(C
on

tin
ue

d)

204 D. ASHTARY-LARKY ET AL.



Ta
bl

e 
1.

 (C
on

tin
ue

d)
.

St
ud

y
Pa

rt
ic

ip
an

ts
St

ud
y 

de
si

gn
Ex

er
ci

se
 in

te
rv

en
tio

n

Sa
m

pl
e 

si
ze

 
(in

te
rv

en
tio

n/
 

co
nt

ro
l)

D
ur

at
io

n
Bo

dy
 a

na
ly

ze
r 

m
et

ho
d

M
ea

n 
ag

e
M

ea
n 

BF
P

Be
ta

-a
la

ni
ne

 
gr

ou
p

Co
nt

ro
l g

ro
up

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
bo

dy
 

m
as

s*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
BF

P*

Eff
ec

ts
 

of
 

be
ta

- 
al

an
in

e 
on

 
FF

M
*

Ke
rn

 e
t 

al
. 

20
11

Co
lle

gi
at

e 
w

re
st

le
rs

 
an

d 
fo

ot
ba

ll 
pl

ay
er

s

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

CT
. w

re
st

le
rs

 p
ar

tic
ip

at
ed

 in
 4

–5
 

d/
w

ee
k 

pr
ac

tic
e 

se
ss

io
ns

 (H
IIT

) 
an

d 
3 

d/
w

ee
ks

 R
T.

 F
oo

tb
al

l 
pl

ay
er

s 
pr

ac
tic

ed
 3

 d
/w

ee
k 

an
d 

pa
rt

ic
ip

at
ed

 in
 R

T 
se

ss
io

ns
 

4 
d/

w
ee

k.

15
 (7

/8
)

8 
w

k
Sk

in
fo

ld
 

th
ic

kn
es

s 
m

ea
su

re
m

en
t

18
.6

9.
67

4 
g/

d 
be

ta
- 

al
an

in
e

4 
g/

d 
pl

ac
eb

o 
(in

 
po

w
de

re
d 

ca
ps

ul
e)

↔
↔

↔

22
 (1

0/
12

)
8 

w
k

Sk
in

fo
ld

 
th

ic
kn

es
s 

m
ea

su
re

m
en

t

19
.9

7.
8

4 
g/

d 
be

ta
- 

al
an

in
e

4 
g/

d 
pl

ac
eb

o 
(in

 
po

w
de

re
d 

ca
ps

ul
e)

↔
↔

↔

W
al

te
r 

et
 a

l. 
20

10
Re

cr
ea

tio
na

lly
 

ac
tiv

e 
fe

m
al

e

RA
/D

B/
 

PC
 

(P
ar

al
le

l)

ET
. H

ig
h 

in
te

ns
ity

 in
te

rv
al

 
tr

ai
ni

ng
 o

n 
3 

no
nc

on
se

cu
tiv

e 
da

ys
 p

er
 w

ee
k.

33
 (1

4/
19

)
3 

w
k

Bo
d 

Po
d

21
.6

30
6 

g/
d 

be
ta

- 
al

an
in

e 
+

 
60

 g
 

de
xt

ro
se

66
 g

 d
ex

tr
os

e
↑

↔
↔

Sm
ith

 e
t 

al
. 

20
09

Re
cr

ea
tio

na
lly

 
ac

tiv
e 

m
al

e
RA

/D
B/

 
PC

 
(P

ar
al

le
l)

ET
. H

ig
h-

in
te

ns
ity

 in
te

rv
al

 
tr

ai
ni

ng
 w

hi
ch

 fi
rs

t t
hr

ee
-w

ee
k 

pe
rio

d 
of

 t
ra

in
in

g 
w

as
 

co
m

pl
et

ed
 a

t 
w

or
kl

oa
ds

 
be

tw
ee

n 
90

%
–1

10
%

 o
f e

ac
h 

in
di

vi
du

al
’s 

VO
2p

ea
k,

 w
hi

le
 

th
e 

se
co

nd
 t

hr
ee

-w
ee

k 
tr

ai
ni

ng
 p

ea
ke

d 
at

 1
15

%
.

36
 (1

8/
18

)
3 

w
k

Bo
d 

Po
d

22
.2

14
.9

6 
g/

d 
be

ta
- 

al
an

in
e 

+
 

60
 g

 
de

xt
ro

se

66
 g

 d
ex

tr
os

e
↔

↔
↑

Ke
nd

ric
k 

et
 a

l. 
20

08

Ph
ys

ic
al

 
ed

uc
at

io
n 

m
al

e 
st

ud
en

t

D
B/

PC
 

(P
ar

al
le

l)
RT

. 4
 d

ay
s/

w
ee

k 
fo

r 
10

 w
ee

ks
. 

Tw
o 

se
ss

io
ns

 p
er

 w
ee

k 
w

er
e 

up
pe

r 
bo

dy
 d

om
in

an
t, 

an
d 

tw
o 

w
er

e 
lo

w
er

 b
od

y 
do

m
in

an
t

26
 (1

3/
13

)
10

 w
k

Sk
in

fo
ld

 
th

ic
kn

es
s 

m
ea

su
re

m
en

t

21
.5

10
.1

6.
4 

g/
d 

be
ta

- 
al

an
in

e
6.

4 
g/

d 
m

al
to

de
xt

rin
↔

↔
N

D

H
off

m
an

 
et

 a
l. 

20
08

Re
si

st
an

ce
- 

tr
ai

ne
d 

m
al

e

D
B/

PC
 

(c
ro

ss
- 

ov
er

)

RT
. T

he
 p

ro
gr

am
 c

on
si

st
ed

 o
f 9

 
ex

er
ci

se
s,

 8
-1

0 
of

 1
-R

M
 w

ith
 

1.
5-

2 
m

in
 o

f r
es

t b
et

w
ee

n 
se

ts
, 

4 
se

ss
io

ns
/w

ee
k.

8 
(8

/8
)

4 
w

k
N

D
19

.7
15

.7
4.

8 
g/

d 
be

ta
- 

al
an

in
e

4.
8 

g/
d 

pl
ac

eb
o

↔
N

D
N

D

A
bb

re
vi
at
io
ns

. 1
-R

M
, 1

-r
ep

et
iti

on
 m

ax
im

um
; B

FP
, b

od
y 

fa
t 

pe
rc

en
ta

ge
; B

IA
, B

io
el

ec
tr

ic
al

 im
pe

da
nc

e 
an

al
ys

is
; C

O
, c

on
tr

ol
le

d;
 C

T,
 c

om
bi

ne
d 

tr
ai

ni
ng

; d
, d

ay
; D

B,
 d

ou
bl

e-
bl

in
de

d;
 D

EX
A,

 d
ua

l- 
en

er
gy

 x
-r

ay
 a

bs
or

pt
io

m
et

ry
; E

T,
 e

nd
ur

an
ce

 t
ra

in
in

g;
 F

FM
, f

at
-f

re
e 

m
as

s;
 H

IIT
, h

ig
h-

in
te

ns
ity

 in
te

rv
al

 t
ra

in
in

g;
 k

g,
 k

ilo
gr

am
; N

D
, n

on
-d

efi
ne

d;
 P

C,
 p

la
ce

bo
-c

on
tr

ol
le

d;
 R

A,
 r

an
do

m
iz

ed
; R

T,
 

re
si

st
an

ce
 t

ra
in

in
g;

 S
B,

 s
in

gl
e-

bl
in

de
d.

 *
Co

m
pa

re
d 

to
 p

la
ce

bo
 g

ro
up

.

JOURNAL OF EUROPEAN CME (JECME) 205



Ta
bl

e 
2.

 Q
ua

lit
y 

as
se

ss
m

en
t.

St
ud

ie
s

Ra
nd

om
 s

eq
ue

nc
e 

ge
ne

ra
tio

n
Al

lo
ca

tio
n 

co
nc

ea
lm

en
t

Se
le

ct
iv

e 
re

po
rt

in
g

O
th

er
 s

ou
rc

es
 

of
 b

ia
s

Bl
in

di
ng

 (p
ar

tic
ip

an
ts

 
an

d 
pe

rs
on

ne
l)

Bl
in

di
ng

 (o
ut

co
m

e 
as

se
ss

m
en

)
In

co
m

pl
et

e 
ou

tc
om

e 
da

ta
O

ve
ra

ll 
qu

al
ity

Sh
bi

b 
et

 a
l. 

20
21

U
U

H
H

L
L

L
H

ig
h-

ris
k

D
el

ex
tr

at
 e

t 
al

. 2
02

0
U

H
H

H
L

L
L

H
ig

h-
ris

k
Sm

ith
 e

t 
al

. 2
01

9
U

U
L

H
L

L
L

H
ig

h-
ris

k
H

oo
sh

m
an

d 
et

 a
l. 

20
19

L
L

L
H

L
L

L
M

od
er

at
e-

ris
k

Fr
ei

ta
s 

et
 a

l. 
20

19
U

H
L

H
L

L
L

H
ig

h-
ris

k
Ja

qu
es

 e
t 

al
. 2

01
9

L
L

H
H

L
L

L
H

ig
h-

ris
k

As
ka

ri 
et

 a
l. 

20
19

U
L

H
H

H
H

L
H

ig
h-

ris
k

Ja
ffe

 e
t 

al
. 2

01
8

U
H

H
H

L
L

L
H

ig
h-

ris
k

W
an

g 
et

 a
l. 

20
18

L
H

H
H

H
L

L
H

ig
h-

ris
k

G
le

nn
 e

t 
al

. 2
01

6
U

L
H

H
L

L
L

H
ig

h-
ris

k
G

ro
ss

 e
t 

al
. 2

01
4

H
H

H
H

L
L

L
H

ig
h-

ris
k

Kr
es

ta
 e

t 
al

. 2
01

4
U

L
L

H
L

L
L

M
od

er
at

e-
ris

k
H

off
m

an
 e

t 
al

. 2
01

4.
L

U
H

H
L

L
L

H
ig

h-
ris

k
Sa

le
 e

t 
al

. 2
01

2
H

U
H

H
H

H
L

H
ig

h-
ris

k
O

ut
la

w
 e

t 
al

. 2
01

2
U

L
H

H
L

L
H

H
ig

h-
ris

k
Ke

rn
 e

t 
al

. 2
01

1
U

H
H

H
L

L
L

H
ig

h-
ris

k
W

al
te

r 
et

 a
l. 

20
10

U
L

H
H

L
L

L
H

ig
h-

ris
k

Sm
ith

 e
t 

al
. 2

00
9

U
L

L
H

L
L

L
M

od
er

at
e-

ris
k

Ke
nd

ric
k 

et
 a

l. 
20

08
H

L
H

H
L

L
H

H
ig

h-
ris

k
H

off
m

an
 e

t 
al

. 2
00

8
U

L
H

H
L

L
L

H
ig

h-
ris

k

A
bb

re
vi
at
io
ns

. H
, h

ig
h;

 L
, l

ow
; U

, u
nc

le
ar

.

206 D. ASHTARY-LARKY ET AL.



Table 3. Subgroup analyses of beta-alanine supplementation on body composition.
heterogeneity

NO WMD (95% CI) P P heterogeneity I2 P between sub-groups Tau-squared

Subgroup analyses of beta-alanine supplementation on body mass

Overall effect 21 −0.15 (−0.78, 0.47) 0.631 0.998 0.0% 0.0

Exercise type
RT 4 −0.09 (−1.03, 0.85) 0.851 0.829 0.0% 0.856 0.0
ET 3 0.75 (−2.45, 3.96) 0.644 0.984 0.0% 0.0
CT 13 −0.15 (−1.11, 0.81) 0.758 0.961 0.0% 0.0
Duration (week)
<8 18 −0.25 (−1.23, 0.71) 0.602 0.999 0.0% 0.783 0.0
≥8 3 −0.07 (−0.90, 0.74) 0.852 0.357 2.9% 0.02
Dose (g/d)
<6 7 −0.11 (−1.24, −1.24) 0.846 0.655 0.0% 0.931 0.0
≥6 14 −0.17 (−0.93, 0.58) 0.655 0.999 0.0% 0.0

Subgroup analyses of beta-alanine supplementation on fat mass

Overall effect 7 −0.24 (−1.16, 0.68) 0.612 0.969 0.0%

Exercise type
RT 2 0.34 (−2.51, 3.21) 0.813 0.874 0.0% 0.802 0.0
ET 1 0.10 (−2.86, 3.06) 0.947 - - 0.0
CT 3 0.24 (−1.48, 1.97) 0.781 0.853 0.0% 0.0
Duration (week)
<8 6 −0.29 (−1.26, 0.66) 0.544 0.950 0.0% 0.662 0.0
≥8 1 0.50 (−2.94, 3.94) 0.776 - - 0.0
Dose (g/d)
<6 2 −0.55 (−1.76, 0.66) 0.375 0.523 0.0% 0.439 0.0
≥6 5 0.19 (−1.24, 1.62) 0.793 0.988 0.0% 0.0

Subgroup analyses of beta-alanine supplementation on body fat percentage

Overall effect 21 −0.06 (−0.53, 0.40) 0.782 0.936 0.0% 0.0

Exercise type
RT 4 0.19 (−1.51, 1.90) 0.823 0.564 0.0% 0.717 0.0
ET 2 0.02 (−1.87, 1.91) 0.983 0.879 0.0% 0.0
CT 13 0.05 (−0.51, 0.62) 0.849 0.801 0.0% 0.0
Duration (week)
<8 17 −0.11 (−0.74, 0.51) 0.729 0.901 0.0% 0.832 0.0
≥8 4 −0.01 (−0.70, 0.69) 0.978 0.566 0.0% 0.0
Dose (g/d)
<6 9 −0.16 (−0.70, 0.37) 0.546 0.513 0.0% 0.464 0.0
≥6 12 0.23 (−0.70, 1.18) 0.618 0.980 0.0% 0.0

Subgroup analyses of beta-alanine supplementation on fat-free mass

Overall effect 13 0.05 (−0.71, 0.82) 0.889 0.912 0.0% 0.0

Exercise type
RT 2 0.06 (−2.12, 2.25) 0.951 0.581 0.0% 0.684 0.0
ET 2 1.25 (−1.64, 4.14) 0.396 0.408 0.0% 0.0
CT 8 0.31 (−0.87, 1.50) 0.600 0.825 0.0% 0.0
Duration (week)
<8 10 −0.13 (−0.99, 0.73) 0.764 0.921 0.0% 0.357 0.0
≥8 3 0.75 (−0.91, 2.41) 0.378 0.504 0.0% 0.0
Dose (g/d)
<6 6 −0.08 (−1.03, 0.87) 0.866 0.722 0.0% 0.637 0.0
≥6 7 0.30 (−0.98, 1.59) 0.644 0.810 0.0% 0.0

Abbreviations. CI, confidence interval; WMD, weighted mean differences; RT, resistance training; ET, endurance training; 
CT, combined training;
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The effects of beta-alanine supplementation on BFP

Overall result from 16 studies [11,13,28–39,43] containing 21 total effect sizes 
(n = 427) did not reveal significant alterations in BFP (WMD: −0.06%; 95% CI: −0.53 
to 0.40; p = 0.782, I2 = 0.0%, p = 0.936) (Figure 2(c)). Insignificant changes were 
shown in all subgroups (Table 3).

A) Body mass

B) FM

Figure 2. Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the 
effect of beta-alanine supplementation on A) body mass; B) FM; C) BFP; D) FFM.
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The effects of beta-alanine supplementation on FFM

Pooled effect sizes from 10 studies [11,30–33,35,37–39,43] containing 13 arms (n = 276) 
did not reveal a significant change in FFM following beta-alanine supplementation (WMD: 
0.05 kg; 95% CI: −0.71 to 0.82; p = 0.889, I2 = 0.0%, p = 0.912). Subgroup analyses 
demonstrated similar results (Figure 2(d) and Table 3).

C) BFP

D) FFM

Figure 2. (Continued).
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Publication bias

According to Begg’s regression test, there was no evidence of publication bias for studies 
examining the effect of beta-alanine supplementation on body mass (p = 0.786), FM 
(p = 0.548), BFP (p = 0.349), and FFM (p = 0.760). In addition, Egger’s regression test 
showed no significant publication bias for body mass (p = 0.285), BFP (p = 0.881), and FFM 
(p = 0.110), but there was evidence of publication bias found for FM (p = 0.031). The trim 
and fill analysis for FM demonstrated that, with the addition of 11 unpublished articles, 
the test for publication bias was no longer significant; however, the overall effect did not 
change significantly (WMD: −0.575, 95%CI: −1.382 to 0.232; p = 0.162). Funnel plots 
indicated no evidence of asymmetry in the effects of beta-alanine supplementation on 
all body composition indices except for FM (Figure 3(a–d)).

Sensitivity analysis

Upon removing individual study effects for sensitivity analysis, the overall results did not 
significantly change for body mass, FM, BFP, and FFM.

A) Body mass

0
1

2
3

4

-10 -5 0 5 10
WMD

Funnel plot with pseudo 95% confidence limits

B) FM

0
.5

1
1.

5
2

2.
5

-5 0 5
WMD

Funnel plot with pseudo 95% confidence limits

C) BFP

0
1

2
3

-5 0 5
WMD

Funnel plot with pseudo 95% confidence limits

D) FFM

0
1

2
3

4

-10 -5 0 5 10
WMD

Funnel plot with pseudo 95% confidence limits

Figure 3. Funnel plot for the effect of beta-alanine supplementation on (A) body mass; (B) FM; (C) BFP; 
(D) FFM.
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Grading of evidence

The GRADE protocol was used to evaluate the certainty of the evidence (Table 4). The 
quality of evidence related to body mass, FM, and BFP was downgraded to moderate due 
to serious limitations in risk of bias. Moreover, the GRADE assessment for FFM was low due 
to concerns about both risk and publication bias.

12. Discussion

The purpose of this study was to determine if beta-alanine supplementation in doses of 
1.6-8.4 g/d improves body composition indices. Overall, beta-alanine supplementation 
exerted no significant impact on body mass, FM, BFP, and FFM. Subgroup analysis based 
on dosage (≥6 g or <6 g/d), study duration (8 ≥ or 8 < weeks), and exercise type 
(resistance, endurance, and combined training) indicated no significant changes follow-
ing beta-alanine supplementation on body composition.

To our knowledge, this is the first systematic review and meta-analysis investigating 
the longitudinal effects of beta-alanine supplementation on body composition indices. 
Although its role as a precursor to the dipeptide carnosine has led recent researchers to 
consider beta-alanine as an ergogenic aid to improve exercise performance, some inves-
tigations have failed to show any significant improvements in exercise performance 
variables such as strength, endurance, and power following beta-alanine supplementa-
tion [44]. The contribution of carnosine to intracellular buffering during intense exercise 
can attenuate intracellular acidosis as a possible factor contributing to reduced exercise 
performance [45]. Other putative physiological effects of carnosine, such as increased 
calcium sensitivity [46] and antioxidant capabilities [47], may also have a positive impact 
on exercise performance, but the data is equivocal [48]. However, most studies did not 
show any improvements in body composition indices following beta-alanine supplemen-
tation, indicating that the beneficial effects of intramuscular carnosine accumulation did 
not translate into body composition changes [14,39,42,49].

Pooled analysis of the studies included in this meta-analysis found no significant 
changes in body mass or FFM following beta-alanine supplementation. The results from 
our study were in line with previous RCTs, which did not observe any positive effects of 
beta-alanine supplementation on FFM [11,14,35,37,40]. In this regard, in college-aged 
women, Outlaw et al. showed that beta-alanine supplementation (3.4 g/day) for 8 weeks 
combined with resistance training increased lower-body muscular endurance but had no 
effect on maximal strength, FFM, FM, or BFP [39]. In addition, Kresta et al. assessed the 
influences of beta-alanine and creatine supplementation on muscle carnosine, body 
composition, and exercise performance in recreationally active females over 28 days 
and reported no FFM improvements [43].

Although beta-alanine supplementation appears to be a valuable ergogenic aid in HIIT 
requiring a high degree of strength endurance, its capacity to boost hypertrophic 
responses during resistance training remains unknown. The observed beneficial effects 
of beta-alanine supplementation on lean mass in prior research can be attributable to 
beta-alanine’s ability to promote fluid shifts into muscle and subsequent increases in 
intramuscular water, which have been claimed to account for part of the gains in FFM 
[12,50]. However, Freitas et al. showed that 28 days of beta-alanine supplementation did 
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not increase total or intracellular water content during resistance training after HIIT [32]. In 
addition, recent studies were unable to measure intramuscular carnosine concentrations 
or myofibrillar protein content in the exercised muscles to prove their claims toward 
beneficial effects of beta-alanine supplementation on lean mass through muscle hyper-
trophy [32,40,41]. As can be seen from the subgroup analysis, differences between studies 
in terms of study duration, dosages of beta-alanine, and exercise type did not change the 
overall impacts of beta-alanine supplementation on body mass or lean mass. It should be 
mentioned that only two of the 13 included studies on the effects of beta-alanine 
supplementation on FFM lasted 8 weeks [12,39]. The findings of a previous review implied 
that the supplementation time might be a modifying factor for the ergogenic effect of 
beta-alanine [51]. It is possible that shorter supplementation procedures (e.g. 3 weeks) are 
insufficient to meet the threshold of muscle carnosine level increases required to improve 
Yo-Yo test performance [51]. In this regard, one study found that beta-alanine supple-
mentation and placebo treatment were equally effective at improving VO2peak, time to 
fatigue, and total work performed over 3 weeks of HIIT in young men [11]; however, only 
the group that supplemented with beta-alanine showed an increase in total work per-
formed and lean mass after 6 weeks of training [11], supporting this theory. The usage of 
beta-alanine has been suggested by scientists as a method to improve training adapta-
tion by enhancing the ability to train at a higher intensity with less muscle fatigue [52,53]. 
Future studies are needed with longer-term beta-alanine supplementation duration with 
HIIT or resistance training on alterations in FFM.

We also did not find significant alterations following beta-alanine supplementation on FM 
or BFP. Previous RCTs showed that both acute and chronic supplementation with beta-alanine 
in different practical settings resulted in small and non-significant effects on FM or BFP 
[13,33,43,54]. For example, Smith et al. found that 6 weeks of beta-alanine supplementation 
combined with HIIT was failed to significantly change FM in recreationally active men [11]. 
Moreover, a recent study examined 6 weeks of beta-alanine supplementation in overweight 
women and reported increased time to exhaustion on a treadmill test compared to the 
control group, while FM remained unchanged [31]. In a study conducted by Hoffman et al., 
a significant decrease in BFP was reported in the beta-alanine plus creatine supplementation 
group compared to the control but not different from the creatine supplementation group 
only [42]. The potential benefit of adding beta-alanine with creatine for the 10-week duration 
may increase the fatigue resistance, allowing for greater training volume [55]. Hoffman et al. 
reported no significant difference in total kcals between groups; thus, greater weekly training 
volume in the beta-alanine and creatine group vs. the placebo group would result in more 
significant kcal expenditure, thus potentially having a secondary effect on FM.

What remains to be seen is why the potential effects of beta-alanine supplementation on 
intramuscular carnosine concentrations and its contribution to intracellular buffering have 
yet to be translated into the improvements in body composition consistently. It should be 
noted that this lack of improvement could be due to some methodological and participant- 
related criteria in the previous studies. First of all, the primary aim of the majority of these 
studies was to increase exercise performance, and consequently, their training interventions 
were not specifically designed for achieving and maximizing body composition alterations. 
Second, it is important to note that most previous studies employed well-trained men with 
a lower baseline BFP; thus, the further fat loss was unexpected. Finally, the positive effects of 
beta-alanine supplementation on improvements in exercise performance are thought to be 
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due to increases in intramuscular concentrations of carnosine, although the majority of RCTs 
included in our investigation did not measure carnosine concentrations [11,31,32,35– 
38,40,41,54]. Therefore, the results of these studies should be interpreted with caution. It 
is worth mentioning that the increases in intramuscular concentrations of carnosine appear 
to be influenced by baseline levels and habitual dietary intake of carnosine-containing 
foods, which can potentially affect the impacts of beta-alanine supplementation on exercise 
performance and thereby body composition changes [56,57].

The current meta-analysis has some limitations. As mentioned above, in the majority of 
included RCTs, baseline intracellular carnosine concentrations, its changes during the 
study period, or dietary intake of carnosine and total protein using a validated methodol-
ogy, such as 24-hour food recalls, were not investigated. Another significant limitation of 
this meta-analysis was the scarcity of research that used body composition indices as 
a primary outcome. However, low heterogeneity across the included studies’ results must 
be considered a strength of this study. Moreover, according to the GRADE profile, the 
quality of evidence for FFM is low. In other words, our confidence in the FFM-enhancing 
properties of beta-alanine supplementation is limited. However, in terms of quality of 
evidence of the effects of beta-alanine supplementation on body mass, BFP and FM, we 
are moderately confident in the effect estimate.

13. Conclusions

Beta-alanine supplementation does not improve body composition, and subgroup analysis 
based on study duration, beta-alanine dosage, and different training types did not alter the 
observed results. Because all studies included in the present systematic review and meta- 
analysis lasted less than 3 months, additional longer-term RCTs are necessary to expand our 
findings.
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