
ABSTRACT

Previous studies have suggested that omega-3 polyunsaturated fatty acids, predominantly 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have several health 
benefits. However, their effect on changes in skeletal muscle mass and strength has not 
been established, owing to differences in study designs. This systematic review aimed to 
investigate the recent evidence regarding the role of dietary EPA and DHA in muscle mass 
changes and their association with muscle strength. Databases including PubMed and 
Google Scholar were searched for randomized controlled trials and single-arm interventions 
that investigated the effects of omega-3 fatty acids on skeletal muscle mass, strength, and 
body composition in adults aged 18 years and older. A total of 18,521 studies were retrieved 
from the databases and manual searches; 21 studies were quality assessed, and the findings 
were summarized. Studies were categorized into 3 main categories according to the type of 
omega-3 fatty acid supplementation: pure compounds such as oil tablets, formulated forms 
with protein, leucine, and vitamin D, and ingredients added to enteral nutrition support 
products. Overall, the majority of the study results appeared to indicate that omega-3 fatty 
acids are beneficial for muscle health. However, meta-analysis was not conducted because 
of the heterogeneity of the study participants, evaluation method of muscle indices, and 
intervention periods among the studies. High-quality studies are required to validate our 
conclusions. However, this systematic review of the effects of EPA and DHA on skeletal 
muscle and body composition provides evidence that can be applied in both clinical and 
industrial settings.
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INTRODUCTION

During aging process, substantial changes occur in the body composition, including a 
decline in skeletal muscle and bone mass, weakened muscle strength, and deterioration 
of structural integrity [1]. Sarcopenia, defined as a gradual decrease in muscle mass and 
strength, leads to impaired overall health, including physical activity, cognitive function, and 
quality of life, as well as increased all-cause mortality in older adults [2,3]. Muscle gain and 
loss are also closely related to nutritional status, and decreased muscle mass is included in 
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the criteria for assessing malnutrition in hospitalized patients [4,5]. Securing muscle mass 
and attenuating its loss are major health concerns, even in young populations.

Considerable scientific efforts have been made to examine the role and efficacy of certain 
bioactive compounds and nutrient supplements in maintaining or gaining skeletal muscle 
mass. Of the nutrients investigated, proteins, vitamin D, and omega-3 fatty acids, mainly 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have been of particular 
interest and have demonstrated positive relationships with skeletal muscle mass and 
enhanced skeletal muscle health in older adults, patients with various diseases, and healthy 
adults [6-8]. Although the effects of protein and vitamin D supplementation have been well 
studied, the roles of EPA and DHA in muscle health remain unclear. Clinical intervention 
studies have suggested that the consumption of EPA and DHA in the diet or pure form, has 
several health benefits in older adults [9] and patients with sarcopenic conditions [10,11], 
whereas some studies have reported no advantage of omega-3 on skeletal muscle health 
[12,13]. A well-known health advantage of EPA and DHA consumption is that they enhance 
cognitive function and attenuate cardiovascular and inflammation-related diseases [14,15]. 
Based on this evidence, DHA and EPA are consumed as functional food products and are 
added to several commercially available food products, such as foods for medical purposes 
and nutrient-fortified foods [16,17] which are usually supplied as alternatives to the main diet 
for off hospitalized patients or care-center-dwelling older adults [18].

To date, only a limited number of systematic reviews studies have been performed to test the 
effect of omega-3 fatty acids on muscle health, but the results of meta-analyses among those 
studies differed; one study reported no change in any indices of muscle mass and function [19], 
one study reported a positive effect only on muscle strength [20], and another study showed 
no effect, but the study subjects were limited to patients with cancer-associated cachexia [21]. 
In addition, these studies evaluated pure omega-3 fatty acids, although a substantial number 
of studies have been performed on omega-3 fatty acids formulated using proteins or other 
bioactive ingredients. Hence, the overall effect of omega-3 fatty acids on changes in skeletal 
muscle mass has not yet been conclusively proven, and the beneficial effects of omega-3 
fatty acids as a diet or multi-ingredient form as well as a pure product in various populations 
including patients and young adults, need to be comprehensively investigated.

This study aimed to investigate the recent evidence on the roles of dietary EPA and DHA 
in skeletal muscle mass changes and their associations with muscle strength through a 
systematic review of pre-reported intervention studies.

SEARCH METHODS FOR THE IDENTIFICATION OF 
STUDIES
Data sources and literature searches
We systematically searched electronic databases following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [22]. The PubMed and Google 
Scholar databases were searched for articles published between January 2003 and July 2023. 
The search terms, based on the objectives of this study, were used to investigate the effect of 
omega-3 fatty acid intake on skeletal muscle mass, lean body mass, and muscle strength in 
adults aged 18 years and older. Hence, the search category for main exposure was “omega-3 
fatty acids,” and the search categories for main study outcomes were “skeletal muscle mass” 
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and “skeletal muscle strength.” Each search category contained subsequent search terms, 
and the search terms are listed in Table 1. Medical Subject Headings (MeSH) terms or subject 
headings were used in coordination with the rules of the search engine.

Study selection based on inclusion and exclusion criteria
Intervention studies that evaluated the effects of omega-3 fatty acids on muscle mass and 
strength were included. The study population consisted of adults aged 18 years and older, 
regardless of sex, and the intervention was any omega-3 fatty acid support type. A comparison 
was made between the omega-3 fatty acid-supplemented group and the placebo group for 
randomized controlled trials (RCTs) and between baseline and post-intervention for single-arm 
trials. Animal or cellular studies, review papers, non-English language studies, unpublished 
data, and conference abstracts were excluded. In addition, studies that found that EPA or 
DHA was not the main intervention treatment, even though the study utilized EPA or DHA 
supplementation; studies that excluded muscle mass or strength as primary outcomes; and 
studies with invalid muscle mass measurements were excluded based on the article contents. 
After screening the literature based on the exclusion criteria, the remaining articles were 
retrieved for full-text review. After each search, 2 authors (MGK and SYB) independently 
extracted relevant reports based on their titles and abstracts. Full-text evaluations were 
performed by 2 independent authors (MGK and SYB), and disagreements on the evaluation 
results were primarily resolved through discussions and consultation with a third colleague.

Quality assessment and result summary
Quality assessment tools were applied to the systematic review to explore the effects of EPA 
or DHA consumption on skeletal muscle mass, body composition, and muscle strength 
based on the study design, study population, risk of bias, and result consistency. Risk of bias 
was assessed using a “revised Cochrane risk-of-bias tool for randomized trials (ROB2)” [23] 
for RCT studies and “risk of bias in non-randomized studies of interventions (ROBINS-I)’’ 
[24] for single-arm interventional studies. In conjunction with the quality assessment, study 
information, including the author, study area, study design, participants, intervention, and 
key outcomes, is briefly summarized in the tables. In the result Tables 2-4, “mg” values of 
EPA or DHA in reported articles were converted to “g,” and intervention periods were all 
expressed as “weeks (wk)”.

RESULTS

Study identification and selection
An initial database search of studies published between January 2003 and July 2023 identified 
18,521 articles. After removing the duplicates, 18,412 articles were excluded. The main 
reasons for excluding articles from subsequent consideration were: irrelevant intervention, 
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Table 1. Search terms used for the literature search investigating the relationship between omega-3 fatty acid intake and muscle health
Variables Key words
Exposure

EPA or DHA ("Fatty Acids, Omega-3"[Mesh]), ("Fatty Acids, Unsaturated"[Mesh]), ("Fish Oils"[Mesh]), ("Eicosapentaenoic 
Acid"[Mesh]), ("Docosahexaenoic Acids"[Mesh])

Health outcomes
Skeletal muscle mass ("Body Composition"[Mesh]), ("cachexia"[Mesh]),

("Lean body mass"), ("sarcopenia"[Mesh]),
("muscles"[MeSH Terms]), ("Muscle, Skeletal"[Mesh])

Skeletal muscle strength ("Hand Strength"[Mesh])

https://e-cnr.org
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which included multifaceted interventions; interventions not providing omega-3 fatty 
acids to participants; interventions not aimed at measuring skeletal muscle mass; lean 
body mass, or muscle strength; or being cross-sectional in design without appropriate 
pre- and post-measures of indicators. In total, 15 articles fulfilled the inclusion criteria for 
quality assessment. During additional manual literature searches from reference lists in the 
database-searched articles, a total of 20 articles were newly identified, and of these, 6 articles 
were subjected to additional review. Finally, 21 articles were included in the analysis. The 
study selection process is illustrated in Figure 1.

Study characteristics
The results of the individual studies from the literature assessment are outlined in Tables 2-4 
according to the main treatment type.

Intervention studies using pure omega-3 fatty acids
Thirteen studies used pure omega-3 fatty acids to examine their effect on skeletal muscle mass 
or strength, including hand grip strength. Seven studies were double-blind RCTs (Table 2) 
[11,25-30], whereas the others were RCTs that were not double-blinded or did not clearly 
note the blinding of participants or investigators [10,12,13,31-33]. The participant ages in 
11 studies were in the range of 60 to 70 years, and 2 RCT studies investigated young adults 
aged 22 ± 3 years [27,29]. Of these, 2 studies [11,28] showed that intake of EPA and DHA in 
the range of 1–2 g/day enhanced skeletal muscle mass whereas one study [12] reported no 
significant effect of omega-3 fatty acid intake at doses of 0.6 g EPA and 0.44 g DHA. Another 

In
cl

ud
ed

Sc
re

en
in

g
Id

en
ti

fic
at

io
n

Identification of studies via databases*

Records identified from*:
PubMed and Google Scholar
database search for primary
studies, published between
2003 and 2023 (n = 18,521)

Studies included in review
(n = 21)
• 2003–2023 database (n = 15)
• Other sources (n = 6)

Records excluded based on
the title of articles.
(n = 18,412)
• Animal studies
• In vitro studies
• Not being a relevant

intervention
• Duplicate records
• Non-English language

Reports excluded based
on abstract and the
contents of articles (n = 94)
• Review paper
• Meta-analysis
• Not being a relevant

intervention (muscle
mass or strength are not
primary outcome, invalid
measurement for muscle
mass, omega-3 is not
primary intervention)

• Duplicate records with
database search

Records screened
(n = 109)

Identification of studies via other methods

Records identified from:
A manual search for relevant
studies from references of
articles (n = 20)

Records excluded based
on the contents of articles
(n = 14)
• Not being a relevant

intervention
• Duplicate records

with database search

Reports assessed for eligibility
(n = 6)

Figure 1. Study selection flow chart for investigating the relationship between intake of omega-3 fatty acids and muscle health. 
*The format of flow chart was adopted from The PRISMA 2020 statement.
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study reported that omega-3 fatty acids improved physical performance in cachectic patients 
with cancer; however, the doses of EPA and DHA were 2- to 4-fold higher than those used 
in the abovementioned studies. Omega-3 fatty acid supplementation improved physical 
mobilization and muscle strength in healthy young adults [25]. The other 6 studies were 
manually searched, described, and assessed in a previously performed systematic review 
and meta-analysis [19], but the characteristics of the study participants varied because the 
participants in 4 studies were older adults, one study included patients with cancer, and one 
study included patients with diabetes mellitus.

Intervention studies using omega-3 fatty acids with proteins and multi-ingredients
Of all studies, 4 were 2-arm RCTs (Table 3). The mean age of the study participants was 
between 63 and 77.4 years [9,34-36]. As studies have investigated the effect of omega-3 fatty 
acids in combination with other ingredients or foods (e.g., fruit juice), the control group for 
intervention in these studies corresponded to a formula or food without omega-3 fatty acids. 
All 4 studies suggested that combined supplementation of omega-3 fatty acids with other 
well-known health ingredients (e.g., whey protein, probiotics, vitamin D, and resveratrol) 
was beneficial to skeletal muscle health, but the dose of EPA, DHA and other ingredients 
varied among the studies.

Intervention studies providing omega-3 fatty acids through enteral nutritional support
Of the 4 studies that provided omega-3 fatty acids through nutritional support products, 
2 were 2-arm RCTs that provided nutritional formulas with EPA for intervention and only 
provided enteral nutritional support formulas for controls [37,38]. The other 2 studies were 
single-arm pre-post interventional studies supplementing omega-3 fatty acids in enteral 
nutritional formulas [39,40] (Table 4). The mean age of the participants was 55–75 years in 
all the 4 studies. Although patients’ conditions vary under nutritional support, studies have 
shown that omega-3 fatty acids supplementation through enteral nutrition is effective in 
enhancing muscle mass and function.

Risk of bias
The results of the risk of bias assessment are shown in Figures 2 and 3. Most of the studies 
had a low risk of bias due to the “randomization process” and “deviations from intended 
intervention.” However, majority of studies had results of “some concerns” in the items of “bias 
in the measurement of the outcome” because many studies did not clearly indicate if the main 
treatment was concealed to study participants or investigators despite the title of the articles 
containing “double-blinded RCT.” The bias due to missing outcome data and the bias in the 
selection of the reported results was mostly low-risk, but some studies that did not provide the 
data values or outcomes of the study partially matched the main outcome of interest in this 
systematic review, presenting some concern or high risk. More than 90% of the studies had 
incomplete data outcomes, indicating that not all proposed analyses were presented.

Subjective assessment of heterogeneity among studies
We further reviewed and assessed whether the searched articles were eligible for meta-
analysis based on the characteristics of the study participants, the type of omega-3 
intervention, and the type of outcome measured. Although the results of the “risk of bias” 
assessment indicated mostly “low” results, we subjectively evaluated that the conditions of 
study participants and type of interventions were widely heterogeneous among searched 
studies and not adequate for quantitative analysis. Based on our subjective assessment, a 
further meta-analysis was not performed.

309

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

https://e-cnr.org


Omega-3 and Skeletal Muscle

https://doi.org/10.7762/cnr.2023.12.4.304 310

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

Ta
bl

e 
3.

 C
ha

ra
ct

er
is

tic
s 

of
 th

e 
st

ud
ie

s 
fo

r o
m

eg
a-

3 
fa

tt
y 

ac
id

s 
as

 m
ul

ti-
in

gr
ed

ie
nt

 fo
rm

ul
as

Au
th

or
/Y

ea
r/

Co
un

tr
y

St
ud

y 
de

si
gn

Pa
rt

ic
ip

an
ts

Co
nt

ro
l t

re
at

m
en

t,
 N

o.
 o

f 
su

bj
ec

ts
 (M

, F
)

In
te

rv
en

tio
n,

 N
o.

 o
f s

ub
je

ct
s 

(M
, F

)
Du

ra
tio

n 
of

 th
e 

in
te

rv
en

tio
n

O
ut

co
m

es
 o

f i
nt

er
es

t
Ri

sk
 o

f 
bi

as
*

Ro
nd

an
el

li 
et

 a
l. 

[9
]/

20
22

/I
ta

ly
RC

T-
pa

ra
lle

l, 
do

ub
le

-b
lin

d
• S

ar
co

pe
ni

a 
pa

tie
nt

s 
ag

ed
 ≥

 5
5 

yr
• B

M
I r

an
ge

: 2
0–

30
 k

g/
m

2
n 

= 
28

n 
= 

22
8 

w
k

• S
ke

le
ta

l m
us

cl
e 

m
as

s
So

m
e 

co
nc

er
ns

Is
oc

al
or

ic
 p

la
ce

bo
 w

ith
 th

e 
sa

m
e 

fla
vo

r
O

m
eg

a-
3 

(3
23

.5
 m

g 
of

 E
PA

, 1
47

.1
 m

g 
of

 D
H

A,
 2

9.
4 

m
g 

of
 th

e 
ot

he
r t

yp
es

 o
f 

om
eg

a-
3)

, f
or

m
ul

at
ed

 w
ith

 le
uc

in
e 

(2
.5

 g
),

 
pr

ob
io

tic
 L

PP
S2

3

• S
ke

le
ta

l m
us

cl
e 

st
re

ng
th

M
ur

ph
y 

et
 a

l. 
[3

5]
/2

02
2/

UK
RC

T-
pa

ra
lle

l, 
do

ub
le

-b
lin

d
• O

ld
er

 a
du

lts
 a

ge
d 

≥ 
65

 y
r a

t r
is

k 
of

 
sa

rc
op

en
ia

• B
M

I r
an

ge
: 2

5.
1–

27
.1

 k
g/

m
2

n 
= 

28
 (1

3 
M

, 1
5 

F)
n 

= 
30

 (1
5 

M
, 1

5 
F)

24
 w

k
• S

ke
le

ta
l m

us
cl

e 
m

as
s

So
m

e 
co

nc
er

ns
10

.6
 g

 W
he

y 
pr

ot
ei

n 
an

d 
3.

1 
g 

Le
uc

in
e

O
m

eg
a-

3 
(0

.8
 g

 E
PA

, 1
.1

 g
 D

H
A)

 fo
rm

ul
at

ed
 

w
ith

 le
uc

in
e 

an
d 

w
he

y 
pr

ot
ei

n
• S

ke
le

ta
l m

us
cl

e 
st

re
ng

th
• P

hy
si

ca
l p

er
fo

rm
an

ce
Sc

ot
to

 d
i 

Pa
lu

m
bo

 e
t a

l. 
[3

6]
/2

02
2/

UK

RC
T-

pa
ra

lle
l, 

do
ub

le
-b

lin
d

• I
ris

h 
ol

de
r a

du
lts

 a
ge

d 
70

 y
r a

nd
 

ab
ov

e
• B

M
I r

an
ge

: 2
0–

30
 k

g/
m

2

n 
= 

16
 (8

 M
, 8

 F
)

n 
= 

21
 (1

1 
M

, 1
0 

F)
24

 w
k

• S
ke

le
ta

l m
us

cl
e 

m
as

s
So

m
e 

co
nc

er
ns

Pl
ac

eb
o 

co
ns

is
te

d 
of

 th
e 

fr
ui

t 
ju

ic
e 

al
on

e.
 c

on
ta

in
ed

 w
he

y 
pr

ot
ei

n 
is

ol
at

e,
 v

ita
m

in
 D

3,
 

an
d 

re
sv

er
at

ro
l

O
m

eg
a-

3 
(1

.5
0 

g 
EP

A,
 1

.5
0 

g 
DH

A)
 in

 fr
ui

t 
ju

ic
e

• H
an

dg
rip

 s
tr

en
gt

h

N
ils

so
n 

et
 a

l. 
[3

4]
/2

02
0/

US
A

RC
T-

pa
ra

lle
l

• ≥
 6

5 
yr

 o
f a

ge
, m

al
e 

se
x

• B
M

I r
an

ge
: 2

0–
34

.9
 k

g/
m

2
n 

= 
16

 (1
6 

M
)

n 
= 

16
 (1

6 
M

)
12

 w
k

• S
ke

le
ta

l m
us

cl
e 

m
as

s
So

m
e 

co
nc

er
ns

Co
lla

ge
n 

pr
ot

ei
n 

40
 g

/
Su

nfl
ow

er
 o

il 
10

 m
L 

+ 
H

BR
E

O
m

eg
a-

3 
(1

.5
1 

g 
EP

A,
 0

.9
5 

g 
DH

A)
 +

 H
BR

E
• S

ke
le

ta
l m

us
cl

e 
st

re
ng

th

RC
T,

 ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l; 

EP
A,

 e
ic

os
ap

en
ta

en
oi

c 
ac

id
; D

H
A,

 d
oc

os
ah

ex
ae

no
ic

 a
ci

d;
 B

M
I, 

bo
dy

 m
as

s 
in

de
x;

 H
BR

E,
 h

om
e-

ba
se

d 
re

si
st

an
ce

 e
xe

rc
is

e.
* R

is
k 

of
 b

ia
s 

w
as

 a
ss

es
se

d 
us

in
g 

a 
re

vi
se

d 
Co

ch
ra

ne
 ri

sk
-o

f-
bi

as
 to

ol
 fo

r r
an

do
m

iz
ed

 tr
ia

ls
 (R

O
B2

).

Ta
bl

e 
4.

 C
ha

ra
ct

er
is

tic
s 

of
 th

e 
st

ud
ie

s 
fo

r o
m

eg
a-

3 
fa

tt
y 

ac
id

 s
up

pl
em

en
ta

tio
n 

th
ro

ug
h 

en
te

ra
l n

ut
rit

io
n 

su
pp

or
t

Au
th

or
/Y

ea
r/

Co
un

tr
y

St
ud

y 
de

si
gn

Pa
rt

ic
ip

an
ts

Co
nt

ro
l t

re
at

m
en

t,
 N

o.
 o

f 
su

bj
ec

ts
 (M

, F
)

In
te

rv
en

tio
n,

 N
o.

 o
f s

ub
je

ct
s 

(M
, F

)
Du

ra
tio

n 
of

 th
e 

in
te

rv
en

tio
n

O
ut

co
m

es
 o

f i
nt

er
es

t
Ri

sk
 o

f 
bi

as
*

Ab
e 

et
 a

l. 
[4

0]
/2

01
8/

Ja
pa

n
Si

ng
le

-a
rm

 
in

te
rv

en
tio

n
• P

at
ie

nt
s 

w
ith

 p
an

cr
ea

tic
 a

nd
 b

ile
 d

uc
t 

ca
nc

er
 w

ho
 u

nd
er

w
en

t c
he

m
ot

he
ra

py
• A

ve
ra

ge
 B

M
I r

an
ge

: 2
5.

9 
kg

/m
2

n 
= 

27
 (1

6 
M

, 1
1 

F)
8 

w
k

• S
ke

le
ta

l m
us

cl
e 

m
as

s
M

od
er

at
e

Ra
co

l®
, a

n 
en

te
ra

l n
ut

rie
nt

 fo
rm

ul
at

ed
 w

ith
 

om
eg

a-
3 

(2
–4

 p
ac

ks
/2

00
 k

ca
l/

30
0 

m
g 

of
 

om
eg

a-
3 

fa
tt

y 
ac

id
s 

pe
r p

ac
k)

Va
n 

de
r M

ei
j e

t a
l. 

[3
8]

/2
01

2/
Th

e 
N

et
he

rl
an

d

RC
T-

pa
ra

lle
l, 

do
ub

le
 b

lin
d

• P
at

ie
nt

s 
w

ith
 n

on
-s

m
al

l c
el

l l
un

g 
ca

nc
er

 a
ge

d 
18

–8
0 

yr
• A

ve
ra

ge
 B

M
I r

an
ge

: 2
3.

0-
24

.8
 k

g/
m

2

n 
= 

20
 (5

 M
, 1

5 
F)

n 
= 

20
 (1

6 
M

, 4
 F

)
5 

w
k

• H
an

dg
rip

 s
tr

en
gt

h
So

m
e 

co
nc

er
ns

Tw
o 

pa
ck

ag
es

 p
er

 d
ay

 o
f 

an
 is

o-
ca

lo
ric

 c
on

tr
ol

 o
ra

l 
nu

tr
iti

on
al

 s
up

pl
em

en
t 

(E
ns

ur
e,

 C
on

tr
ol

)

O
m

eg
a-

3 
(2

.0
2 

g 
EP

A,
 0

.9
2 

g 
DH

A)
 a

dd
ed

 
in

 s
am

e 
vo

lu
m

e 
nu

tr
iti

on
al

 s
up

pl
em

en
t 

(P
ro

Su
re

, I
nt

er
ve

nt
io

n)
 w

ith
 c

on
tr

ol
 g

ro
up

Ry
an

 e
t a

l. 
[3

7]
/2

00
9/

Ire
la

nd
RC

T-
pa

ra
lle

l
• P

at
ie

nt
s 

w
ith

 e
so

ph
ag

ea
l c

an
ce

r
• A

ve
ra

ge
 B

M
I r

an
ge

: 2
4.

6-
27

.1
 k

g/
m

2
n 

= 
25

 (M
:F

 =
 1

4:
1)

n 
= 

28
 (M

:F
 =

 2
4:

4)
3 

w
k

• L
ea

n 
bo

dy
 m

as
s

So
m

e 
co

nc
er

ns
Is

o-
ca

lo
ric

 a
nd

 is
o-

ni
tr

og
en

ou
s 

st
an

da
rd

 
nu

tr
iti

on
al

 fe
ed

 w
ith

ou
t E

PA

O
m

eg
a-

3 
(E

PA
 2

.2
 g

/d
 +

 E
nt

er
al

 fe
ed

)

Ba
ue

r e
t a

l. 
[3

9]
/2

00
5/

Au
st

ra
lia

Si
ng

le
-a

rm
 

in
te

rv
en

tio
n

• P
at

ie
nt

s 
w

ith
 p

an
cr

ea
tic

 c
an

ce
r, 

or
 

no
n-

sm
al

l c
el

l l
un

g 
ca

nc
er

• A
ve

ra
ge

 B
M

I r
an

ge
: 2

6.
8 

kg
/m

2

n 
= 

7 
(5

 M
, 2

 F
)

8 
w

k
• L

ea
n 

bo
dy

 m
as

s
M

od
er

at
e

16
 g

 p
ro

te
in

 a
nd

 1
.1

 g
 E

PA
, a

s 
en

ric
he

d 
or

al
 

nu
tr

iti
on

al
 s

up
pl

em
en

t
RC

T,
 ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l; 
EP

A,
 e

ic
os

ap
en

ta
en

oi
c 

ac
id

; D
H

A,
 d

oc
os

ah
ex

ae
no

ic
 a

ci
d;

 B
M

I, 
bo

dy
 m

as
s 

in
de

x.
* R

is
k 

of
 b

ia
s 

w
as

 a
ss

es
se

d 
us

in
g 

a 
re

vi
se

d 
Co

ch
ra

ne
 ri

sk
-o

f-
bi

as
 to

ol
 fo

r r
an

do
m

iz
ed

 tr
ia

ls
 (R

O
B2

) f
or

 R
CT

 s
tu

di
es

 a
nd

 u
si

ng
 a

 “
ris

k 
of

 b
ia

s 
in

 n
on

-r
an

do
m

iz
ed

 s
tu

di
es

 o
f i

nt
er

ve
nt

io
ns

 (R
O

BI
N

S-
I) 

fo
r 

si
ng

le
-a

rm
 in

te
rv

en
tio

na
l s

tu
di

es
.

https://e-cnr.org


Omega-3 and Skeletal Muscle

https://doi.org/10.7762/cnr.2023.12.4.304

DISCUSSION

In this systematic review, we searched for and examined studies investigating the effects of 
EPA and DHA on skeletal muscle mass and function. The outcomes reported in the literature 
can be divided into 3 categories according to the type of omega-3 fatty acid supplementation: 
omega-3 fatty acids with multi-ingredient supplementation, including proteins; omega-3 
fatty acid supplementation through nutritional support; and pure omega-3 fatty acid 
supplementation. Although the intake of omega-3 fatty acids is beneficial for skeletal muscle 
in most studies, the results and related implications vary according to each literature category.

Many studies included in this systematic review investigated the effects of omega-3 fatty acid 
supplementation as a pure ingredient dispersed in oil, and 13 studies. Of these, one study 
with older males (n = 10) and females (n = 19) aged 60–85 years showed that a 6-month intake 
of EPA (1.86 g/d) and DHA (1.50 g/d) increased handgrip strength and thigh muscle volume 
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without changing total body fat content [11], indicating that omega-3 fatty acids alone can 
induce favorable effects on skeletal muscles. Consumption of 1.34 g of EPA and 1.07 g of DHA 
for 6 months enhanced skeletal muscle mass compared to the 4.0 g corn oil supplemented 
control group, and significantly increased handgrip strength and physical performance, 
with p < 0.0001 in time and group interaction effect in older Chinese adults aged ≥ 60 
years [28]. Although these two studies indicated the beneficial effect of omega-3 fatty 
acid supplementation, one study reported no significant effect of pure omega-3 fatty acid 
supplementation. In a study involving community-dwelling older adults in Poland aged 74.6 ± 
8.0 years with low muscle mass, participants received the 12-week supplementation with a 1.3 
g omega-3 fatty acid capsule (0.6 g EPA and 0.44 g DHA and 0.2 g of other types of omega-3 
fatty acids) along with vitamin E. The study found that there were no changes in skeletal 
muscle mass, handgrip strength and physical activity, as assessed using the “Time Up and 
Go test” when compared to participants who were supplemented with only 1.1 g of vitamin 
E [12]. Similar to the results of studies reporting the effect of co-supplementation with 
proteins, the control group received beneficial compounds (e.g., vitamin E), which could lead 
to a decrease in the differences between the intervention and control groups. Another study 
conducted on cachectic patients with gastrointestinal and lung cancer showed that physical 
function improved by approximately 7%, and muscle weakness was delayed compared with 
placebo in patients receiving 2 or 4 g of EPA for 8 weeks [25]. Overall, these 4 studies were 
heterogeneous in terms of the consistency of results, dose of omega-3 fatty acids, timing of 
intervention, and participant status.

While most omega-3 fatty acid intervention studies have been conducted in older adults 
or patients with sarcopenia or cancer-bearing cachectic conditions, very few studies have 
reported the effect of omega-3 fatty acid supplementation in young adults. In this review, 
we identified 2 RCTs involving healthy young adults. One study investigated the effects of 
omega-3 fatty acids on muscle mass in healthy young females aged 19–31 years [29]. The 
study showed that daily supplementation of omega-3 fatty acids composed of 2.97 g EPA and 
2.03 g DHA for 10 weeks attenuated 2 weeks of unilateral leg immobilization [29], suggesting 
that the muscle protective effect of omega-3 fatty acids was effective even in young adults. 
The other study also showed that, compared to the consumption of 3.2 g of olive oil control, 
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the consumption of 2.1 g EPA and 1.1 g DHA for 4-consecutive days after resistance exercise 
significantly enhanced strength recovery assessed by muscle soreness and indices of muscle 
contraction (“maximal isometric torque” and “isokinetic voluntary torque”) in the lower 
limbs of healthy young females with a mean age of 22.5 years [27]. These 2 studies were 
comparable in that they both provided omega-3 fatty acids at similar doses; however, one 
study co-administered resistance exercise. Hence, the results of these 2 studies are implicated 
in the comparison of the effects of omega-3 fatty acids on muscle health between individuals 
with and without PA.

Manually searched 6 studies were previously reported in a study by Rondanelli et al. [19]. 
Patients who received 2.2 g of EPA/day exhibited maintained skeletal muscle mass at the 
level of baseline measurement, while patients in the reference and standard care groups 
who did not receive EPA supplementation lost muscle mass by 6.0% and 6.8%, respectively, 
during their first-ever chemotherapy [10]. Lean body mass and muscle mass was not altered 
by supplementation with omega-3 fatty acids containing 1.34 g of EPA and 1.07 g of DHA for 
24 weeks in patients with type 2 diabetes mellitus and abdominal obesity [30]. In addition, 
the results of studies on older adults were inconsistent because one study reported a positive 
effect of omega-3 fatty acids only in females, and the other 3 studies reported no significant 
effect of omega-3 fatty acid supplementation on muscle mass or strength. Supplementation 
of 3.0 g/d of omega-3 fatty acids composed of 2.1 g EPA and 0.6 g DHA augments increases 
in muscle function and enhanced knee-extensor isometric strength per a unit cross-sectional 
muscle area in older females compared to those in the placebo group received 3.0 g safflower 
oil daily; however, those effects were not seen in male participants [31]. Daily intake of 3.0 
g omega-3 fatty acids (1.98 g EPA and 0.99 g DHA) did not differ with resistance training for 
12 weeks in older males aged ≥ 65 years [33]. Supplementation of 3.0 g/d omega-3 composed 
of 2.0 g EPA and 1.0 g DHA increased lean body mass by 1.9 g compared to baseline and 
enhanced results in the “Timed up and Go test” in healthy, community-dwelling older 
females aged 60–76 years, but no difference was found between the intervention group and 
the placebo group who received 3.0 g/d of olive oil instead of omega-3 fatty acids [32]. No 
significant effect was also found for the handgrip strength in a group of participants, 1.025 
g of omega-3 fatty acids containing 0.8 g DHA and 0.225 g EPA in community-dwelling, 
older people aged ≥ 70 years [13]. Collectively, the results of studies investigating the effect of 
omega-3 as a pure compound are inconclusive.

All studies that treated omega-3 fatty acids with protein or as a multi-ingredient supplement 
were all conducted in older adults with sarcopenia [9,26,34,36]. In a study by Nilsson et al. 
[34], daily intake of 1.51 g EPA and 0.95 g DHA as a multi-ingredient supplement composed 
of whey protein, micellar casein, creatinine, and vitamin D with physical activity training 
for 12 weeks increased appendicular and total muscle mass by 3% and 2%, respectively, 
in free-living older males. In addition, the EPA and DHA intake groups showed improved 
lean mass-to-body fat ratios and an 8% increase in maximal hand grip strength compared 
to the placebo group, which consumed collagen and sunflower oil instead of EPA/DHA 
supplementation [34]. The effect of omega-3 supplementation on skeletal muscle mass and 
strength was investigated among Chinese adults aged 60 years and older who were diagnosed 
with sarcopenia but had normal cognitive functions [26]. Daily intake of 1.2 g EPA and 0.8 g 
DHA with whey protein, and 1,000 IU of vitamin D or their intake in parallel with aerobic and 
resistance training improved muscle mass (95% confidence interval, 1.86–3.36) compared to 
the control group, supplementation only group and supplementation with exercise group. 
Omega-3 supplementation increased grip strength by 3.614–9.118 fold in the control group 
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and 3.44–8.907 fold in the control group [26]. In a 6-month trial, the consumption of fruit 
juice containing 1.5 g EPA, 1.5 g of DHA, 8 g of whey protein, 400 IU of vitamin D3, and 0.15 
g of resveratrol did not induce beneficial changes in skeletal muscle mass compared to the 
consumption of placebo fruit juice which contained no nutrient supplements. However, 
it attenuated the time-induced decline in handgrip strength in older Irish adults with low 
skeletal muscle mass and low physical activity [36]. In an RCT conducted in Italy, daily intake 
of 0.5 g omega-3 fatty acids containing 0.32 g EPA and 0.15 g DHA, with 2.5 g leucine and 
probiotics as a form of water-dispensable powder for 8 weeks increased handgrip strength 
by 3.332 g in sarcopenia patients aged 79.7 ± 4.8 years [9]. These 3 studies utilized similar 
doses of whey protein supplementation (9.0–11.0 g) with omega-3 fatty acids (0.5–3.0 g), 
and showed enhanced handgrip strength in the intervention groups. The muscle enhancing 
effects of protein, leucine, vitamin D, and exercise as individual components or as a complex 
on skeletal muscle mass and function have been demonstrated in many studies [41-43]. 
However, the studies found in this systematic review further support the benefit of omega-3 
fatty acids in a combined intervention of protein, vitamin D, and exercise.

While most studies utilizing protein supplementation with omega-3 are beneficial, one 
study reported no significant effects of EPA and DHA on skeletal muscle mass and strength. 
The study was conducted in a manner similar to the aforementioned studies with older 
adults aged ≥ 65 years [35] and defined sarcopenia or low handgrip strength according 
to the European Working Group on Sarcopenia in Older People 2010 (EWGSOP1) criteria 
[1]. A 10.6 g whey protein and 3.1 g of total leucine, or protein with omega-3 fatty acids 
containing 0.8 g EPA and 1.1 g DHA were supplied to the participants for 24 weeks. However, 
changes in appendicular muscle mass and composite leg strength in response to protein-
only supplements or proteins with omega-3 fatty acids varied among individuals within the 
same group and were not significantly different between the intervention groups [35]. Such 
differences in outcomes may be due to differences in the control group, in which the same 
amount of protein was provided to participants, whereas no protein or beneficial component 
was supplied in the other 4 studies. Hence, the protein intake in the control group may 
have led to a decrease in the outcome gap between the omega-3 intervention and control 
groups. Nevertheless, EPA or DHA alone hardly showed a significant effect on muscle mass 
or strength and raised some concerns about stability or favorability [44]. The results of 
omega-3 fatty acid intervention together with multiple muscle-beneficial ingredients, could 
be implicated in the development of medical-purpose or care foods.

In this study, we further identified articles as a category of studies that provide omega-3 fatty 
acids through enteral nutrition support. Four studies were then identified and reviewed. Daily 
intake of 0.6–1.2 g of omega-3 fatty acids through nutritional support for 56 days significantly 
(p = 0.002) increased skeletal muscle mass by > 1.5 kg compared with the baseline value prior 
to the start of nutritional support in patients with biliary-pancreatic cancer [40]. A similar 
intervention study in cachectic patients with pancreatic and non-small-cell cancer showed 
that daily oral nutritional supplements enriched with 16 g of protein and 1.1 g EPA together 
with chemotherapy for 8 weeks resulted in significant improvements in weight and lean body 
mass along with improved nutritional status and functional capacity compared to baseline 
[39]. The results of these 2 studies indicate that treatment with omega-3 fatty acids is effective 
in enhancing the nutritional status and muscle function of patients; however, this study was 
a single-arm trial that had no control group and could not differentiate whether the outcome 
of the study was due to an intervention effect, time, or other factors. Patients with non-small 
cell lung cancer who received protein and energy supplements containing omega-3 fatty acids 
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(2.02 g EPA and 0.92 g DHA) for 5 weeks exhibited enhanced cognitive function and physical 
activity compared to patients in the control group who received oral nutritional supplements 
without omega-3 fatty acids [38]. Administration of 2.2 g/d EPA through enteral nutrition 
for 3 weeks attenuated the loss of lean body mass after surgery in patients with esophageal 
cancer compared to the control group, which received only enteral nutrition without EPA 
supplementation [37]. Based on the study results, omega-3 fatty acid supplementation through 
nutritional support seems to be effective in preventing postoperative muscle loss in cancer 
patients, who usually experience cachexia; however, the primary aim of this study was to 
provide “nutritional support” for patients to secure energy and protein in the required amount 
range, and the independent effect of omega-3 fatty acid supplementation in the study setting 
seems difficult to assess. In addition, the characteristics of the patients and the method of 
outcome measurement varied among the studies. Further evidence is needed to confirm the 
beneficial effects of omega-3 fatty acid supplementation on enteral nutrition support.

Although many previous studies have suggested a positive effect of omega-3 fatty acids 
on skeletal muscle health, the effect of omega-3 fatty acids on muscle tissue seems to be 
indirect, based on the possible mechanism of EPA- or DHA-induced health benefits. Omega-3 
fatty acids improve neurological and cognitive functions, leading to enhanced interactions 
between neuron-muscle receptors, pronounced physical activity, and muscle contraction 
[45]. Omega-3 fatty acids may enhance energy metabolism in skeletal muscles to produce 
and consume energy efficiently [32,46], resulting in skeletal muscle mass and activity. As 
omega-3 fatty acids are known to enhance blood flow [45], a fluent and sufficient supply of 
nutrients to the muscle could lead to an increase in muscle content and mass. Some of these 
aspects were reported in the literature found in this systematic review; however, the articles 
were limited in number, and the mechanisms of omega-3 fatty acids were only partially 
investigated in these studies.

Nevertheless, the results of the studies identified in the systematic review suggest that 
supplementation with omega-3 fatty acids is necessary to prevent sarcopenia and enhance 
the physical status of older adults or patients with cachexia. Based on these results, as a pure 
compound, high doses of EPA or DHA at more than 2.0 g/day, which is 5- to 8-folds higher 
than the recommended amount for heart health 250–500 mg/day [47], seem to be required 
to generate beneficial effects. The muscle favorable effects of this high dose of EPA and DHA 
are consistent with those of cross-sectional studies; however, these studies also suggest that 
low levels of EPA and DHA are beneficial [7,48]. Hence, the findings need to be validated in 
clinical studies performed with dose-dependent EPA and DHA interventions. In particular, 
omega-3 is required for nutritional support in cancer patients who mostly experience 
cachectic conditions during cancer treatment or hospital stay. Studies suggest that nutritional 
support with EPA idoes not have a harmful effect on food intake in patients with various 
cancers who usually have adverse gastrointestinal symptoms during cancer treatment. 
Supplementation with omega-3 fatty acids in combination with other ingredients could be a 
plausible option to cope with quality control and lower side effects in the pharmaceutical or 
nutraceutical industries that develop foods for medical purpose.

In this study, we could not determine the effect of omega-3 fatty acids on skeletal muscle 
mass or strength because of the varied results among studies. A meta-analysis could not be 
performed, due to the heterogeneity of study methods, study populations, study durations, 
or a combination of these factors. However, we conducted a comprehensive review of studies 
that investigated the effects of omega-3 fatty acids as multi-ingredient forms or nutritional 
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supplements, whereas previous studies have mainly focused on pure compounds. The studies 
included in this systematic review have a low overall risk of bias, which may help adequately 
justify the existing evidence for the muscle-favorable effect of omega-3 fatty acids, without 
results of the meta-analysis. Further interventional studies designed to comprehensively 
investigate the underlying mechanisms of enhanced muscle gain and strength are necessary 
to address these issues.

CONCLUSION

This systematic review investigated the effects of omega-3 fatty acids on skeletal muscle mass 
and strength in RCTs and non-randomized single-arm interventions. Although the effects 
of omega-3 fatty acids on skeletal muscle mass and strength indices have not been clearly 
determined, a substantial number of individual studies included in this systematic review 
have suggested positive effects of omega-3 fatty acids on gaining or maintaining muscle mass 
in adults with sarcopenic conditions or cachexia. This literature review of the effects of EPA 
and DHA on skeletal muscle and body composition provides promising evidence that can be 
applied in clinical and industrial settings.
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