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Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women associ-
ated with cardiovascular disease and obesity. The possible benefits of omega-3 supplementation in 
this syndrome have been discussed much. This study is aimed to verify, based on the scientific data 
published, if there are any benefits in the omega-3 supplementation in the treatment of PCOS and 
to indicate its possible dosages for the treatment of polycystic ovary. The work consists of a system-
atic review of clinical trials and cohort of the MEDLINE/PubMed database from 2009 to October 
2019. All studies that analyzed the omega-3 supplementation in women with PCOS were included. 
Cross-sectional studies, review articles, systematic reviews, meta-analysis, duplicates, studies in 
animals or cell culture, studies with omega-3 supplementation via food or associated with other 
supplementations were not included, except those involving vitamin E. In total, 21 articles were 
selected. Despite the heterogeneity of the studies selected, indirect benefits were observed mainly 
regarding the glycemic profile, such as insulin resistance reduction, lipid profile modulation (i.e. 
decrease in total cholesterol, triglycerides, and elevation of high-density lipoprotein), and the regu-
lation of the androgenic profile. As for the anthropometric profile, the studies were scarce and 
most of them had no significant meaning. Regarding the antioxidant profile and inflammatory 
biomarkers, the findings differ among studies, but promising results were observed with different 
doses over 12 weeks of use, such as C-reactive protein (CRP) reduction. Thus, omega-3 fatty acids 
promote indirect benefits in the treating of women with PCOS. However, to reveal well-defined 
standards for dosage and supplementation time, further studies are needed. 
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Polycystic ovary syndrome (PCOS) is character-
ized by clinical, endocrine, and metabolic disorders, 
including hyperandrogenism associated with the 
insulin resistance (de Sousa et al. 2013). It is the most 
common endocrine disorder in women, whereas 
about 6–10% of women in reproductive age has this 
condition (Baptiste et al. 2010). However, although 
such high prevalence of the syndrome has been 
observed, the etiology of PCOS is still not completely 

known. However, it is evident that insulin resistance 
may play an important role due to insulin stimula-
tion to produce ovarian androgens (Silva et al. 2006; 
Goodarzi et al. 2011). The traditional treatment 
of PCOS is usually based on oral contraceptives. 
However, these drugs may promote several side 
effects, including blood clots formations, headache, 
weight gain, breast cancer, and depletion of different 
micronutrients (folic acid and vitamins B2, B6, 
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B12, C and E) (Palmery et al. 2013; Stegeman et al. 
2013; Mohammad-Alizadeh-Charandabi et al. 2015; 
Li et al. 2017). Given this context, it is important 
to understand alternative therapies to promote 
improvements in the health status and quality of 
the life. Weight loss, caloric restriction, and intake 
of inadequate nutrients have contributed to the sig-
nificant reduction of the symptoms associated with 
PCOS (Moran et al. 2009; Nybacka et al. 2011) since 
the syndrome has inflammatory characteristics that 
change the glycemic and lipid metabolism (Goodarzi 
et al. 2011). Due to this inflammatory feature of 
PCOS, the consumption of the omega-3 fatty acids 
may be a promising nutritional strategy to treat the 
disease regarding to its anti-atherogenic and anti-
inflammatory effects. In addition, the omega-3 fatty 
acids might have beneficial effects on the glycemic 
control and lipid profile (Becic and Studenik 2018; 
Thota et al. 2018). Therefore, this study is aimed to 
verify, based on the scientific literature data, if there 
are benefits in the omega-3 supplementation in 
the treatment of PCOS as well as indicates possible 
dosages for the treating of this syndrome.

Materials and methods

This work is a systematic review of selected 
articles, based on PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) 
recommendation, to evaluate the possible effects 
of the omega-3 supplementation for PCOS cases. 
Scientific literature was researched to identify 
the relevant studies to this review by using the 
MEDLINE/PubMed database until October 2019. 
Inclusion criteria were that all articles published 
in the last 10 years (2009–2019) contained full text 
and the following characteristics: clinical trials, 
randomized/cohort, in which oral animal and/or 
vegetal omega-3 supplementation has been analyzed 
and applied to women with PCOS. Those studies 
were included, in which omega-3 supplementation 
was associated with vitamin E as the most common 
commercial association. Cross-sectional studies, 
review articles, duplicate publications, studies 
in animals or cell culture studies that analyzed 
omega-3 supplementation via food or associated 
with another supplementation, except vitamin E, 
were not included. In the search for publications, 
the logical AND operator was used to combine the 
term Ovary Polycystic Syndrome with the following 
terms: omega 3; fish oil; linseed oil; alpha linolenic 
acid; linolenic acid; polyunsaturated fatty acids; 
eicosapentaenoic acid, and docosahexaenoic acid. 
Three reviewers independently carried out the 
selection and analysis of articles by using the pre-
defined eligibility criteria (Figure 1).

Figure 1. Flowchart of the systematic search for articles.
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Results

Altogether, 96 articles were obtained without 
duplicates. After reading the titles and abstracts, 
21 studies were selected. The main reason for 
excluding the articles was the non-adequacy to the 
proposed theme or studies done on animals or in 
vitro conditions. After the reading completing, 21 
articles remained in the study, which met the criteria 
established (Figure  1). The average time for clinical 
trials in this review endured from 6 to 12 weeks (only 
two articles lasted 6 months) and an average of 63.7 
women participated in the study. The age of these 
women ranged between 18 and 45 years. Out of the 21 
clinical trials, 12 used fish oil as a source of omega-3 
supplementation; 2 used omega-3 fat associated 
with vitamin E; 2 used linseed oil; 3 used linseed oil 
associated with vitamin E; and 2 used fish oil and 
linseed oil in the same study. Parameters associated 
with PCOS were analyzed, such as lipid, glycemic, 
hormonal profiles, inflammation and oxidative stress 
biomarkers, and anthropometric parameters. The 
results are described in the Table 1.

Discussion

According to the studies analyzed, supplementa-
tion with animal/vegetable origin the omega-3 fatty 
acids might have indirect beneficial effects on PCOS 
via the significant improvement of parameters of the 
lipid, glycemic profile, in addition to some effects on 
the hormonal profile and antioxidant and inflamma-
tory biomarkers. However, controversial results were 
found, which might be related to different dosages, 
supplementation time, and the sample size. It is 
noteworthy that the studies included in this review 
simultaneously analyzed several aspects related to 
PCOS. For a better understanding, several aspects 
will be discussed below in separate topics.

Effect on lipid profile and hepatic fat. The omega-3 
consumption is related to the improvement of the 
lipid profile and reduction of cardiovascular risk 
since fatty acids are natural ligands of the metabolic 
nuclear receptors, such as PPARs (peroxisome pro-
liferator-activated receptors), and SREBP-1 (sterol 
regulating element binding protein 1). Activation 
of these omega-3 receptors can inhibit coding of 
proteins that stimulate lipid synthesis and stimulate 
genes that increase lipid oxidation in liver and muscle 
(Cussons et al. 2009; Mohammadi et al. 2012; Rafraf 
et al. 2012). In addition, the omega-3 supplementa-
tion seems to play an important role in the activation 
of AMPK (AMP-activated protein kinase), a sensor 

of cellular energy status that regulates the balance 
between lipid oxidation and lipogenesis. Ingestion 
of the omega-3 supplementation also increases the 
activity of the low-density lipoprotein (LDL) receptor 
in the liver, which reduces LDL-cholesterol synthesis 
and thus, increases the LDL-cholesterol catabolism 
rate (Cussons et al. 2009; Mohammadi et al. 2012; 
Rafraf et al. 2012). This effect has been observed in 
women with high omega-3 plasma levels, which 
resulted in a significant improvement in the lipid 
profile for triglycerides and triglyceride ratio: high-
density lipoprotein (HDL) (Phelan et al. 2011; Vargas 
et al. 2011; Karakas et al. 2016).

In addition, it has been noted that the use of fish 
and linseed oils provides a significant reduction in 
serum triglycerides, without changing the total cho-
lesterol (TC) levels, HDL or apoprotein B (Vargas et 
al. 2011). However, the omega-3 consumption from 
linseed oil associated with vitamin E significantly 
decreases serum triglycerides, very low-density lipo-
proteins (VLDL), LDL, and TC, as well as reduces the 
lipoprotein A (Lp [a]) and oxidized LDL (Ox-LDL) 
mRNA in peripheral blood mononuclear cells 
(Rahmani et al. 2016). Reduction of TC indices and 
their fractions were noted after supplementation with 
fish oil, in addition to a significant reduction in LDL 
and an increase in HDL (Mohammadi et al. 2012; 
Khani et al, 2017; Mejia-Montilla et al. 2018; Yang et 
al. 2018).

The effects of the omega-3 oils on triglyceride levels, 
HDL, LDL, and TC seem to be contradictory due to 
the heterogeneity of the studies (Arentz et al. 2017). It 
is noticeable that the dosages and the supplementa-
tion time were very different among studies, which 
makes standardization difficult. From the 12 clinical 
trials that analyzed lipid profile, 11 found positive 
results regarding the modulation of levels. The study 
without significant results analyzed a dosage of 800 
mg of omega-3 supplementation from fish oil (Amini 
et al. 2018). The reduction in triglycerides was mostly 
found in the studies analyzed (Mohammad-Aliza-
deh-Charandabi et al. 2015). As for supplementation, 
the procedures with best results in the treatment 
of lipid profile women with PCOS were as follows: 
1200 mg/day of omega-3 supplementation from fish 
oil (eicosapentaenoic acid, EPA+docosahexaenoic 
acid, DHA), for 8 weeks (2 studies) (Mohammadi 
et al. 2012; Rafraf et al. 2012) and 600 mg/day 
(EPA+DHA) from fish oil for 6 months (1 study) 
(Oner and Muderris 2013). For linseed-oil-based 
omega-3 supplementation, the most effective results 
were 800 mg alpha-linolenic acid (ALA)/day for 12 
weeks (1 study) (Mirmasoumi et al. 2018) and 400 mg 



69Melo, et al.

Ta
bl

e 
1

W
or

ks
 fo

un
d 

in
 th

e 
re

vi
ew

 (c
lin

ic
al

 tr
ia

ls 
an

d 
co

ho
rt

).

Ye
ar

Au
th

or
(s

)
Ki

nd
 o

f s
tu

dy
Sa

m
pl

e/
In

te
rv

en
tio

n
D

ur
at

io
n

Re
su

lts
Co

nc
lu

sio
n

20
09

Cu
ss

on
s e

t a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 cr
os

s-
ov

er
, 

pl
ac

eb
o-

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

25
 p

at
ie

nt
s.

C
as

e g
ro

up
: O

m
eg

a-
3 

su
pp

le
m

en
ta

tio
n

[4
 ca

ps
ul

es
: D

H
A

 (5
60

 
m

g)
 +

 E
PA

 (2
70

 m
g)

 
ea

ch
].

C
on

tr
ol

 g
ro

up
: p

la
ce

bo
.

Th
er

e w
as

 an
 8

-w
ee

k 
w

as
h-

ou
t a

nd
 th

en
 th

e 
cr

os
s-

ov
er

 o
f t

he
 g

ro
up

s.

8 
w

ee
ks

Re
du

ct
io

n 
of

 li
ve

r f
at

 (p
=0

.0
22

), 
TG

 (p
=0

.0
02

), 
sy

sto
lic

 an
d 

di
as

to
lic

 p
re

ss
ur

e (
p=

0.
01

8;
 

p=
0.

00
5)

 co
m

pa
re

d 
to

 p
la

ce
bo

. F
ur

th
er

m
or

e, 
in

 w
om

en
 w

ith
 a

 h
ig

h 
le

ve
l o

f l
iv

er
 fa

t (
>5

%
), 

th
er

e w
as

 a
lso

 a
 re

du
ct

io
n 

in
 fa

st
in

g 
in

su
lin

 
(p

=0
.0

38
) a

nd
 H

O
M

A-
IR

 sc
or

e (
p=

0.
02

1)
 

co
m

pa
re

d 
to

 p
la

ce
bo

.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
ha

d 
a 

be
ne

fic
ia

l e
ffe

ct
 in

 re
du

ci
ng

 li
ve

r 
fa

t a
nd

 o
th

er
 ca

rd
io

va
sc

ul
ar

 ri
sk

 
fa

ct
or

s i
n 

w
om

en
 w

ith
 P

CO
S 

w
ho

 
w

er
e o

ve
rw

ei
gh

t/o
be

se
. Th

es
e 

be
ne

fit
s w

er
e m

or
e e

vi
de

nt
 in

 
pa

tie
nt

s w
ith

 h
ep

at
ic

 st
ea

to
sis

 
(>

5%
).

20
11

Ph
el

an
 et

 a
l.

Cr
os

s-
se

ct
io

na
l c

oh
or

t 
stu

dy
 an

d
Ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 cr

os
s-

ov
er

, 
pl

ac
eb

o-
co

nt
ro

lle
d 

cl
in

ic
al

 tr
ia

l

C
oh

or
t:

Bl
oo

d 
sa

m
pl

es
 fr

om
 1

04
 

w
om

en
 w

er
e a

na
ly

ze
d 

fo
r 

pl
as

m
a 

FA
 co

m
po

sit
io

n 
an

d 
th

e r
el

at
io

ns
hi

p 
w

ith
 

pl
as

m
a 

ho
rm

on
es

, w
ei

gh
t, 

he
ig

ht
, B

M
I, 

W
C,

 an
d 

Q
C.

C
lin

ic
al

 tr
ia

l:
22

 w
om

en
.

C
as

e g
ro

up
: O

m
eg

a-
3 

su
pp

le
m

en
ta

tio
n 

[E
PA

 
(1

.9
 g

) +
 D

H
A

 d
ai

ly
].

C
on

tr
ol

 g
ro

up
: p

la
ce

bo
.

Th
er

e w
as

 a
 6

-w
ee

k 
w

as
h-

ou
t a

nd
 th

en
 th

e c
ro

ss
-

ov
er

 o
f t

he
 g

ro
up

s.

6 
w

ee
ks

C
oh

or
t:

W
om

en
 w

ith
 h

ig
he

r o
m

eg
a-

6 
pl

as
m

a 
le

ve
ls 

(W
6)

 h
ad

 h
ig

he
r t

es
to

ste
ro

ne
 (p

=0
.0

13
) a

nd
 

D
H

EA
S 

(p
=0

.0
33

). 
W

om
en

 w
ith

 h
ig

he
r l

ev
el

s 
of

 o
m

eg
a-

3 
fa

ts
 (W

3)
 h

ad
 si

gn
ifi

ca
nt

ly
 b

et
te

r 
lip

id
 p

ro
fil

e i
n 

te
rm

s o
f T

G
 an

d 
TG

 ra
tio

: H
D

L 
(p

<0
.0

5)
.

C
lin

ic
al

 tr
ia

l:
Ex

pe
rim

en
ta

l g
ro

up
 o

bt
ai

ne
d 

a 
re

du
ct

io
n 

in
 b

io
av

ai
la

bl
e t

es
to

ste
ro

ne
 co

nc
en

tr
at

io
ns

 
(p

<0
.0

5)
 co

m
pa

re
d 

to
 b

as
el

in
e a

nd
 p

la
ce

bo
. 

N
o 

sig
ni

fic
an

t r
es

ul
ts

 fo
r: 

to
ta

l t
es

to
ste

ro
ne

, 
D

H
EA

S,
 an

dr
os

te
ne

di
on

e, 
SH

BG
 es

tr
og

en
, 

LH
, F

SH
, l

ip
id

 an
d 

gl
yc

em
ic

 p
ro

fil
e.

O
m

eg
a-

3 
FA

s c
an

 im
pr

ov
e t

he
 

co
nc

en
tr

at
io

n 
of

 b
io

av
ai

la
bl

e 
te

sto
ste

ro
ne

 in
 P

CO
S.

20
11

Va
rg

as
 et

 a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l

51
 w

om
en

.
C

as
e g

ro
up

 1
:

fis
h 

oi
l [

6 
ca

ps
ul

es
: E

PA
 

(3
58

 m
g)

 an
d 

D
H

A
 (2

42
 

m
g)

].
C

as
e g

ro
up

 2
: l

in
se

ed
 o

il 
[6

 ca
ps

ul
es

: A
LA

 (5
45

 
m

g)
].

C
on

tr
ol

 g
ro

up
: p

la
ce

bo
.

6 
w

ee
ks

Fi
sh

 o
il 

ra
ise

d 
gl

uc
os

e l
ev

el
s d

ur
in

g 
O

G
TT

 
(p

=0
.0

35
5)

 an
d 

de
cr

ea
se

d 
th

e i
ns

ul
in

 
se

ns
iti

vi
ty

 in
de

x 
(M

at
su

da
) (

p=
0.

03
78

), 
w

ith
ou

t s
ig

ni
fic

an
tly

 aff
ec

tin
g 

fa
st

in
g 

gl
uc

os
e, 

in
su

lin
 o

r H
O

M
A-

IR
. L

in
se

ed
 o

il 
in

cr
ea

se
d 

bl
oo

d 
gl

uc
os

e f
or

 3
0 

m
in

 in
 O

G
TT

, b
ut

 
di

d 
no

t c
ha

ng
e g

lu
co

se
 h

om
eo

st
as

is.
 N

on
e 

of
 th

e s
up

pl
em

en
ts

 aff
ec

te
d 

CR
P 

le
ve

ls.
 

C
om

pa
re

d 
to

 b
as

el
in

e, 
fis

h 
oi

l a
nd

 li
ns

ee
d,

 
se

ru
m

 tr
ig

ly
ce

rid
es

 d
ec

re
as

ed
 (p

=0
.0

15
4 

an
d 

p=
0.

01
76

). 
N

on
e o

f t
he

 o
ils

 a
lte

re
d 

TC
, H

D
L 

or
 A

po
 B

, n
or

 te
sto

ste
ro

ne
, S

H
BG

 o
r D

H
EA

S.

A
ni

m
al

 an
d 

ve
ge

ta
bl

e o
m

eg
a-

3 
FA

s r
ed

uc
ed

 se
ru

m
 tr

ig
ly

ce
rid

es
, 

an
d 

de
sp

ite
 el

ev
at

in
g 

bl
oo

d 
gl

uc
os

e d
ur

in
g 

O
G

TT
 th

ey
 d

id
 

no
t s

ig
ni

fic
an

tly
 aff

ec
t g

lu
co

se
 

ho
m

eo
st

as
is.



70 Omega-3 and polycystic ovary syndrome
Ye

ar
Au

th
or

(s
)

Ki
nd

 o
f s

tu
dy

Sa
m

pl
e/

In
te

rv
en

tio
n

D
ur

at
io

n
Re

su
lts

Co
nc

lu
sio

n

20
12

M
oh

am
m

ad
i 

et
. a

l.
Ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 

tr
ia

l

61
 p

at
ie

nt
s.

C
as

e g
ro

up
:

O
m

eg
a-

3 s
up

pl
em

en
ta

tio
n 

(4
 ca

ps
ul

es
 d

ai
ly

 w
ith

 1
80

 
m

g 
of

 E
PA

 an
d 

12
0 

m
g 

of
 

D
H

A
). 

C
on

tr
ol

 g
ro

up
: 

pl
ac

eb
o.

8 
w

ee
ks

In
 th

e t
es

t g
ro

up
, a

 si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 
se

ru
m

 a
di

po
ne

ct
in

 (p
=0

.0
03

), 
a 

re
du

ct
io

n 
in

 
gl

uc
os

e (
p<

0.
00

1)
, i

ns
ul

in
 (p

=0
.0

02
), 

H
O

M
A-

IR
 (p

<0
.0

01
), 

TC
 (p

=0
.0

02
) a

nd
 le

ve
ls 

of
 

LD
L-

c (
p=

0.
00

3)
, c

om
pa

re
d 

to
 p

la
ce

bo
. S

er
um

 
TG

 le
ve

ls 
de

cr
ea

se
d 

sig
ni

fic
an

tly
 (p

=0
.0

24
) 

an
d 

H
D

L 
in

cr
ea

se
d 

(p
 =

 0
.0

18
) c

om
pa

re
d 

to
 

ba
se

lin
e v

al
ue

s. 
N

o 
sig

ni
fic

an
t c

ha
ng

es
 to

 P
CR

.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
ha

d 
be

ne
fic

ia
l e

ffe
ct

s o
n 

se
ru

m
 

ad
ip

on
ec

tin
, i

ns
ul

in
 re

sis
ta

nc
e a

nd
 

lip
id

 p
ro

fil
e i

n 
pa

tie
nt

s w
ith

 P
CO

S.

20
12

M
oh

am
m

ad
i 

an
d 

Ra
fr

af
Ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 

tr
ia

l.

61
 p

at
ie

nt
s.

C
as

e g
ro

up
:

O
m

eg
a-

3 s
up

pl
em

en
ta

tio
n 

(4
 ca

ps
ul

es
 d

ai
ly

 w
ith

 1
80

 
m

g 
of

 E
PA

 an
d 

12
0 

m
g 

of
 D

H
A

) C
on

tr
ol

 g
ro

up
: 

pl
ac

eb
o.

8 
w

ee
ks

Th
e t

es
t o

bt
ai

ne
d 

a 
sig

ni
fic

an
t r

ed
uc

tio
n 

in
 th

e 
TC

/H
D

L-
c a

nd
 L

D
L-

c/
 H

D
L-

c r
at

io
 (p

=0
.0

09
) 

an
d 

sig
ni

fic
an

tly
 in

cr
ea

se
d 

th
e s

er
um

 a
ct

iv
ity

 
of

 P
O

N
1 

(p
=0

.0
48

) w
he

n 
co

m
pa

re
d 

to
 

pl
ac

eb
o.

 Th
e r

ed
uc

tio
n 

in
 th

e p
ro

po
rt

io
ns

 T
C/

H
D

L-
C,

 L
D

L-
C/

H
D

L-
C 

an
d 

TG
/ H

D
L-

C 
an

d 
th

e i
nc

re
as

e i
n 

se
ru

m
 P

O
N

1 
ac

tiv
ity

 w
er

e 
al

so
 si

gn
ifi

ca
nt

 in
 th

e g
ro

up
 o

f o
m

eg
a-

3 
FA

s 
at

 th
e e

nd
 o

f t
he

 st
ud

y 
w

he
n 

co
m

pa
re

d 
to

 th
e 

ba
se

lin
e v

al
ue

s (
p<

0.
00

1,
 p

<0
.0

01
, p

=0
.0

04
 

an
d 

p=
0.

00
1,

 re
sp

ec
tiv

el
y)

. Th
er

e w
er

e n
o 

sig
ni

fic
an

t d
iff

er
en

ce
s i

n 
w

ei
gh

t a
nd

 B
M

I.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
ca

n 
be

 a
 u

se
fu

l a
pp

ro
ac

h 
to

 d
ec

re
as

e 
ca

rd
io

m
et

ab
ol

ic
 ri

sk
s i

n 
w

om
en

 
w

ith
 P

CO
S,

 b
ot

h 
by

 im
pr

ov
in

g 
th

e 
ac

tiv
ity

 o
f P

O
N

1 
as

 an
 an

tio
xi

da
nt

 
m

ar
ke

r, 
an

d 
by

 re
du

ci
ng

 so
m

e 
se

ru
m

 li
pi

d 
pr

op
or

tio
ns

.

20
12

Ra
fr

af
 et

 a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

61
 p

at
ie

nt
s.

C
as

e g
ro

up
:

O
m

eg
a-

3 s
up

pl
em

en
ta

tio
n 

(4
 ca

ps
ul

es
 d

ai
ly

 w
ith

 1
80

 
m

g 
of

 E
PA

 an
d 

12
0 

m
g 

of
 

D
H

A
). 

C
on

tr
ol

 g
ro

up
: 

pl
ac

eb
o.

8 
w

ee
ks

In
 th

e e
xp

er
im

en
ta

l g
ro

up
, o

m
eg

a-
3 

su
pp

le
m

en
ta

tio
n 

di
d 

no
t p

ro
m

ot
e s

ig
ni

fic
an

t 
eff

ec
ts

 fo
r w

ei
gh

t, 
BM

I, 
W

C 
an

d 
W

H
R.

 
Th

er
e w

as
 a

 re
du

ct
io

n 
in

 g
lu

co
se

 (i
n 

11
.4

%
, p

 
<0

.0
01

), 
in

su
lin

 (i
n 

8.
4%

, p
, 0

.0
5)

 an
d 

H
O

M
A-

IR
 (i

n 
21

.8
%

, p
, 0

.0
01

) w
he

n 
co

m
pa

re
d 

to
 

pl
ac

eb
o 

gr
ou

p.

O
m

eg
a-

3 
FA

s i
m

pr
ov

ed
 g

lu
co

se
 

pa
ra

m
et

er
s i

n 
pa

tie
nt

s w
ith

 P
CO

S.

20
13

O
ne

r; 
M

ud
er

ris
.

Cl
in

ic
al

 tr
ia

l
45

 p
at

ie
nt

s s
up

pl
em

en
te

d 
w

ith
 1

50
0 

m
g/

da
y 

of
 

om
eg

a-
3 

FA
s.

6 
m

on
th

s
Th

e m
ea

n 
BM

I s
ig

ni
fic

an
tly

 d
ec

re
as

ed
 d

ur
in

g 
th

e t
re

at
m

en
t p

er
io

d 
(p

=0
.0

07
), 

in
 a

dd
iti

on
 

to
: s

co
re

s o
f h

irs
ut

ism
 (p

<0
.0

01
), 

in
su

lin
 

(p
=0

.0
09

) a
nd

 H
O

M
A-

IR
 (p

=0
.0

17
).

Se
ru

m
 le

ve
ls 

of
 F

SH
, D

H
EA

S.
 T

SH
, a

nd
ro

ge
n 

an
d 

re
sis

tin
 le

ve
ls 

di
d 

no
t c

ha
ng

e, 
w

hi
le

 L
H

 
(p

<0
.0

01
), 

to
ta

l (
p=

0.
03

2)
 an

d 
fre

e (
p=

0.
02

) 
te

sto
ste

ro
ne

 d
ec

re
as

ed
 si

gn
ifi

ca
nt

ly.
 Th

e 
le

ve
ls 

of
 S

H
BG

 (p
=0

.0
08

) a
nd

 T
N

F 
(p

=0
.0

3)
 

in
cr

ea
se

d 
aft

er
 tr

ea
tm

en
t.

Th
er

e w
as

 a
 p

os
iti

ve
 co

rr
el

at
io

n 
be

tw
ee

n 
om

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
an

d 
de

cr
ea

se
d 

in
su

lin
 re

sis
ta

nc
e, 

hi
rs

ut
ism

, B
M

I a
nd

 so
m

e h
or

m
on

al
 

an
dr

og
en

ic
 p

ar
am

et
er

s.

Ta
bl

e 
1

Co
nt

in
ue

d 
...



71Melo, et al.
Ye

ar
Au

th
or

(s
)

Ki
nd

 o
f s

tu
dy

Sa
m

pl
e/

In
te

rv
en

tio
n

D
ur

at
io

n
Re

su
lts

Co
nc

lu
sio

n

20
13

N
ad

ja
rz

ad
eh

 
et

 a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

78
 w

om
en

.
C

as
e g

ro
up

:
O

m
eg

a-
3 s

up
pl

em
en

ta
tio

n 
(3

 ca
ps

ul
es

 co
nt

ai
ni

ng
 1

80
 

m
g 

of
 E

PA
 +

 1
20

 m
g 

of
 

EP
A

 ea
ch

).
C

on
tr

ol
 g

ro
up

: p
la

ce
bo

.

8 
w

ee
ks

Th
e m

ea
n 

te
sto

ste
ro

ne
 co

nc
en

tr
at

io
n 

de
cr

ea
se

d 
in

 th
e t

es
t g

ro
up

 (p
=0

.0
4)

, w
hi

le
 

th
e F

A
I a

nd
 S

H
BG

 d
id

 n
ot

 d
iff

er
 si

gn
ifi

ca
nt

ly
 

be
tw

ee
n 

gr
ou

ps
. Th

e O
m

eg
a-

3 
gr

ou
p 

ha
d 

th
ei

r 
m

en
st

ru
al

 c
yc

le
 re

gu
la

riz
ed

 in
 re

la
tio

n 
to

 th
e 

pl
ac

eb
o 

(p
=0

.0
49

).

In
 a

dd
iti

on
 to

 m
ak

in
g 

th
e 

m
en

st
ru

al
 c

yc
le

 m
or

e r
eg

ul
ar

, 
3 

g 
om

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
co

ul
d 

re
du

ce
 se

ru
m

 te
sto

ste
ro

ne
 

co
nc

en
tr

at
io

ns
 in

 o
ve

rw
ei

gh
t a

nd
 

ob
es

e p
at

ie
nt

s w
ith

 P
CO

S.

20
15

N
ad

ja
rz

ad
eh

 
et

 a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

78
 w

om
en

.
C

as
e g

ro
up

:
O

m
eg

a-
3 s

up
pl

em
en

ta
tio

n 
(3

 ca
ps

ul
es

 co
nt

ai
ni

ng
 1

80
 

m
g 

of
 E

PA
 +

 1
20

 m
g 

of
 

EP
A

 ea
ch

).
C

on
tr

ol
 g

ro
up

: p
la

ce
bo

 

8 
w

ee
ks

Th
er

e w
as

 n
o 

sig
ni

fic
an

t d
iff

er
en

ce
 in

 re
la

tio
n 

to
 B

M
I, 

vi
sfa

tin
, F

SH
 an

d 
pr

ol
ac

tin
 in

 b
ot

h 
gr

ou
ps

. W
H

R 
de

cr
ea

se
d 

sig
ni

fic
an

tly
 in

 th
e 

te
st

 g
ro

up
 co

m
pa

re
d 

to
 th

e b
as

el
in

e (
p<

0.
00

5)
. 

Ad
ip

on
ec

tin
 in

cr
ea

se
d 

sig
ni

fic
an

tly
 in

 th
e t

es
t 

gr
ou

p 
(p

<0
.0

01
) a

nd
 th

e m
ea

n 
LH

 d
ec

re
as

ed
 

(p
<0

.0
05

).

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
in

 
w

om
en

 w
ith

 P
CO

S 
m

ay
 h

av
e a

 
be

ne
fic

ia
l e

ffe
ct

 o
n 

ad
ip

on
ec

tin
, 

LH
 co

nc
en

tr
at

io
n,

 W
H

R,
 an

d 
LH

/
FS

H
 ra

tio
.

20
16

Ka
ra

ka
s e

t a
l. 

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d 

an
d 

pl
ac

eb
o-

co
nt

ro
lll

ed
cl

in
ic

al
 tr

ia
l.

51
 w

om
en

.
C

as
e g

ro
up

 1
:

fis
h 

oi
l,

C
as

e g
ro

up
 2

:
lin

se
ed

 o
il.

C
on

tr
ol

 g
ro

up
: p

la
ce

bo
 

w
ith

 so
yb

ea
n 

oi
l.

6 
w

ee
ks

Fi
sh

 o
il 

de
cr

ea
se

d 
th

e g
ly

ca
te

d 
he

m
og

lo
bi

n 
H

G
BA

1c
 (p

<0
.0

5)
 an

d 
M

at
su

da
’s 

in
su

lin
 

se
ns

iti
vi

ty
 in

de
x 

(p
<0

.0
5)

 w
he

n 
co

m
pa

re
d 

to
 

th
e b

as
el

in
e. 

Tr
ig

ly
ce

rid
es

 w
er

e a
lso

 re
du

ce
d 

w
ith

 th
e u

se
 o

f fi
sh

 o
il 

an
d 

lin
se

ed
 co

m
pa

re
d 

to
 th

e b
as

el
in

e (
p<

0.
05

 fo
r b

ot
h)

, b
ut

 d
id

 n
ot

 
de

cr
ea

se
 w

ith
 p

la
ce

bo
 (s

oy
 o

il)
.

O
m

eg
a-

3 
FA

s f
ro

m
 fi

sh
 o

il 
co

ul
d 

im
pr

ov
e p

ar
am

et
er

s r
el

at
ed

 to
 th

e 
gl

yc
em

ic
 p

ro
fil

e (
H

G
BA

1c
 an

d 
M

at
su

da
 In

de
x)

 an
d 

tr
ig

ly
ce

rid
e 

le
ve

ls 
in

 w
om

en
 w

ith
 P

CO
S.

 
O

m
eg

a-
3 

FA
s f

ro
m

 li
ns

ee
d 

oi
l 

al
so

 re
du

ce
d 

tr
ig

ly
ce

rid
e l

ev
el

s 
in

 w
om

en
 w

ith
 P

CO
S.

 H
ow

ev
er

, 
ne

ith
er

 o
f t

he
m

 si
gn

ifi
ca

nt
ly

 
in

te
rfe

re
d 

in
 o

th
er

 p
ar

am
et

er
s o

f 
gl

yc
em

ic
 an

d/
or

 li
pi

di
c p

ro
fil

e.

20
16

Ra
hm

an
i e

t a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

68
 p

at
ie

nt
s.

C
as

e g
ro

up
:

10
00

 m
g 

lin
se

ed
 o

il 
co

nt
ai

ni
ng

 4
00

 m
g 

of
 

A
LA

 p
lu

s 4
00

 IU
 o

f 
vi

ta
m

in
 E

.
C

on
tr

ol
 g

ro
up

: p
la

ce
bo

 

12
 w

ee
ks

Th
e e

xp
er

im
en

ta
l g

ro
up

 o
bt

ai
ne

d 
a 

re
du

ct
io

n 
in

 th
e e

xp
re

ss
io

n 
of

 L
p 

(a
) R

N
A

m
 an

d 
O

x-
LD

L 
m

RN
A

 in
 p

er
ip

he
ra

l b
lo

od
 m

on
on

uc
le

ar
 ce

lls
 

(p
<0

.0
01

 fo
r b

ot
h)

 an
d 

re
du

ce
d 

tr
ig

ly
ce

rid
es

, 
V

LD
L,

 L
D

L 
an

d 
TC

 (p
<0

.0
01

 fo
r a

ll)
. Th

er
e 

w
as

 a
lso

 a
 si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 an

tio
xi

da
nt

s 
in

 p
la

sm
a 

(p
=0

.0
03

) a
nd

 a
 d

ec
re

as
e i

n 
M

D
A

 
le

ve
ls 

(p
=0

.0
1)

.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
as

so
ci

at
ed

 w
ith

 v
ita

m
in

 E
 fo

r 
12

 w
ee

ks
 in

 w
om

en
 w

ith
 P

CO
S 

sig
ni

fic
an

tly
 im

pr
ov

ed
 th

e g
en

e 
ex

pr
es

sio
n 

of
 L

p 
(a

) a
nd

 O
x-

LD
L,

 li
pi

d 
pr

ofi
le

 p
ar

am
et

er
s a

nd
 

ox
id

at
iv

e s
tr

es
s b

io
m

ar
ke

rs
.

Ta
bl

e 
1

Co
nt

in
ue

d 
...



72 Omega-3 and polycystic ovary syndrome
Ye

ar
Au

th
or

(s
)

Ki
nd

 o
f s

tu
dy

Sa
m

pl
e/

In
te

rv
en

tio
n

D
ur

at
io

n
Re

su
lts

Co
nc

lu
sio

n

20
17

Eb
ra

hi
m

i e
t a

l.
Ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 

tr
ia

l.

68
 w

om
en

.
C

as
e g

ro
up

:
10

00
 m

g 
om

eg
a-

3 
FA

s 
fro

m
 li

ns
ee

d 
oi

l (
40

0 
m

g 
of

 A
LA

 +
 4

00
 IU

 v
ita

m
in

 
E)

. C
on

tr
ol

 g
ro

up
: 

pl
ac

eb
o.

12
 w

ee
ks

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
+ 

vi
ta

m
in

 E
 

re
du

ce
d 

in
su

lin
 (p

=0
.0

04
), 

H
O

M
A-

IR
 

(p
=0

.0
05

), 
H

O
M

A-
B 

(p
=0

.0
04

), 
an

d 
in

cr
ea

se
d 

Q
U

IC
KI

 (p
=0

.0
08

). 
In

 a
dd

iti
on

 to
 si

gn
ifi

ca
nt

 
re

du
ct

io
ns

 in
 to

ta
l t

es
to

ste
ro

ne
 (p

=0
.0

08
) 

an
d 

fre
e t

es
to

ste
ro

ne
 (p

=0
.0

4)
 co

m
pa

re
d 

to
 

pl
ac

eb
o.

 
N

o 
sig

ni
fic

an
t e

ffe
ct

 o
n 

fa
st

in
g 

pl
as

m
a 

gl
uc

os
e 

an
d 

ot
he

r h
or

m
on

al
 p

ro
fil

es
.

Th
e o

m
eg

a-
3 

su
pp

le
m

en
ta

tio
n 

as
so

ci
at

ed
 w

ith
 v

ita
m

in
 E

 fo
r 

12
 w

ee
ks

 in
 w

om
en

 w
ith

 P
CO

S 
sig

ni
fic

an
tly

 im
pr

ov
e i

nd
ic

es
 o

f 
in

su
lin

 re
sis

ta
nc

e a
nd

 to
ta

l/f
re

e 
te

sto
ste

ro
ne

.

20
17

M
irm

as
ou

m
i 

et
 a

l.
Ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 

tr
ia

l.

60
 w

om
en

.
C

as
e g

ro
up

:
om

eg
a 

3 
(2

00
0 

m
g 

of
 

lin
se

ed
 o

il 
w

ith
 8

00
 m

g 
of

 
A

LA
) t

w
ic

e a
 d

ay
.

C
on

tr
ol

 g
ro

up
: p

la
ce

bo
. 

12
 w

ee
ks

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
re

du
ce

d 
in

su
lin

 
(p

=0
.0

1)
, H

O
M

A-
IR

 (p
=0

.0
1)

, m
F-

G
 sc

or
e 

(p
=0

.0
01

) a
nd

 in
cr

ea
se

d 
Q

U
IC

KI
 (p

=0
.0

1)
. 

Th
er

e w
as

 a
lso

 a
 re

du
ct

io
n 

in
 tr

ig
ly

ce
rid

es
, 

V
LD

L 
(p

=0
.0

1 
fo

r b
ot

h)
 an

d 
CR

P 
(p

=0
.0

04
). 

N
o 

sig
ni

fic
an

t c
ha

ng
es

 w
er

e o
bs

er
ve

d 
in

 
ho

rm
on

al
 p

ro
fil

es
, p

la
sm

a 
ni

tr
ic

 o
xi

de
 le

ve
ls,

 
as

 w
el

l a
s T

C,
 L

D
L 

an
d 

H
D

L.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
fo

r 
12

 w
ee

ks
 in

 w
om

en
 w

ith
 P

CO
S 

ha
d 

be
ne

fic
ia

l e
ffe

ct
s o

n 
in

su
lin

 
m

et
ab

ol
ism

, m
F-

G
 sc

or
es

, s
er

um
 

tr
ig

ly
ce

rid
es

, V
LD

L 
an

d 
CR

P 
le

ve
ls,

 
bu

t d
id

 n
ot

 aff
ec

t h
or

m
on

e l
ev

el
s, 

ot
he

r l
ip

id
 p

ro
fil

es
 an

d 
ni

tr
ic

 o
xi

de
 

pl
as

m
a 

le
ve

ls.

20
17

M
ej

ia
-M

on
til

la
 

et
 a

l.
Ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 

tr
ia

l.

19
5 

w
om

en
.

C
as

e g
ro

up
:

om
eg

a-
3 

su
pp

le
m

en
ta

tio
n 

de
riv

ed
 fr

om
 fi

sh
 o

il,
 

18
0 

m
g 

of
 E

PA
 +

 1
20

 m
g 

of
 D

H
A

) a
nd

 C
on

tr
ol

 
gr

ou
p:

 p
la

ce
bo

.

12
 w

ee
ks

In
 th

e t
es

t g
ro

up
 th

er
e w

as
 a

 si
gn

ifi
ca

nt
 

re
du

ct
io

n 
in

 in
su

lin
, H

O
M

A-
IR

, a
re

a 
un

de
r 

th
e i

ns
ul

in
 cu

rv
e a

nd
 ar

ea
 u

nd
er

 th
e g

lu
co

se
 

cu
rv

e (
p<

0.
05

 fo
r a

ll)
 T

C,
 L

D
L-

c a
nd

 T
G

 
(p

<0
.0

00
1 

fo
r a

ll)
, a

nd
 a

lso
 si

gn
ifi

ca
nt

 in
cr

ea
se

 
in

 th
e c

on
ce

nt
ra

tio
ns

 o
f H

D
L 

(p
<0

.0
09

7)
, 

Ap
o-

B 
(p

<0
.0

00
1)

, a
s w

el
l a

s a
ve

ra
ge

 
ad

ip
on

ec
tin

 (p
<0

.0
00

1)
.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
fo

r 
12

 w
ee

ks
 ca

n 
pr

om
ot

e s
ig

ni
fic

an
t 

im
pr

ov
em

en
ts

 in
 th

e g
ly

ce
m

ic
 

an
d 

lip
id

ic
 p

ro
fil

e o
f w

om
en

 w
ith

 
PC

O
S,

 in
 a

dd
iti

on
 to

 ra
isi

ng
 le

ve
ls 

of
 a

di
po

ne
ct

in
, w

hi
ch

 is
 d

ire
ct

ly
 

lin
ke

d 
to

 m
et

ab
ol

ic
 re

gu
la

tio
n 

an
d 

in
su

lin
 re

sis
ta

nc
e i

m
pr

ov
em

en
t.

20
17

N
as

ri 
et

 a
l.

Pr
os

pe
ct

iv
e, 

ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

60
 w

om
en

.
Te

st
 g

ro
up

:
om

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
(1

00
0 

m
g 

of
 li

ns
ee

d 
oi

l 
co

nt
ai

ni
ng

 4
00

 m
g 

of
 

A
LA

) t
w

ic
e a

 d
ay

.
C

on
tr

ol
 g

ro
up

: p
la

ce
bo

.

12
 w

ee
ks

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
in

cr
ea

se
d 

m
RN

A
 

ac
tiv

at
io

n 
of

 P
PA

R-
γ 

(p
=0

.0
05

) i
n 

pe
rip

he
ra

l 
bl

oo
d 

m
on

on
uc

le
ar

 ce
lls

 an
d 

de
cr

ea
se

d 
LD

L-
R 

m
RN

A
 ex

pr
es

sio
n 

(p
=0

.0
02

). 
Th

er
e w

as
 n

o 
sig

ni
fic

an
t e

ffe
ct

 o
n 

th
e e

xp
re

ss
io

n 
of

 th
e 

G
LU

T-
1 

an
d 

Lp
 (a

) g
en

e.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
fo

r 
12

 w
ee

ks
 in

 w
om

en
 w

ith
 P

CO
S 

sig
ni

fic
an

tly
 im

pr
ov

ed
 th

e g
en

e 
ex

pr
es

sio
n 

of
 P

PA
R-

γ 
an

d 
LD

L-
R,

 
bu

t d
id

 n
ot

 aff
ec

t t
he

 g
en

e 
ex

pr
es

sio
n 

of
 L

p 
(a

) a
nd

 G
LU

T-
1 

in
 p

er
ip

he
ra

l b
lo

od
 m

on
on

uc
le

ar
 

ce
lls

.

Ta
bl

e 
1

Co
nt

in
ue

d 
...



73Melo, et al.
Ye

ar
Au

th
or

(s
)

Ki
nd

 o
f s

tu
dy

Sa
m

pl
e/

In
te

rv
en

tio
n

D
ur

at
io

n
Re

su
lts

Co
nc

lu
sio

n

20
17

Ja
m

ili
an

 et
 a

l. 
Ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 

tr
ia

l.

40
 w

om
en

.
Te

st
 g

ro
up

:
O

m
eg

a-
3 s

up
pl

em
en

ta
tio

n 
(1

00
0 

m
g 

of
 li

ns
ee

d 
oi

l 
w

ith
 4

00
 m

g 
of

 A
LA

 +
 

40
0 

IU
 o

f v
ita

m
in

 E
).

C
on

tr
ol

 g
ro

up
: p

la
ce

bo
.

12
 w

ee
ks

Th
e t

es
t g

ro
up

 h
ad

 a
 si

gn
ifi

ca
nt

 re
du

ct
io

n 
in

 
in

su
lin

 (p
=0

.0
2)

 an
d 

H
O

M
A-

IR
 (p

=0
.0

3)
, 

ex
pr

es
sio

n 
of

 IL
-8

 (p
=0

.0
03

) a
nd

 T
N

F-
α 

(p
=0

.0
01

) a
nd

 in
cr

ea
se

d 
re

gu
la

tio
n 

of
 P

PA
R-

γ 
ex

pr
es

sio
n 

(p
=0

.0
4)

.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
as

so
ci

at
ed

 w
ith

 v
ita

m
in

 E
 

fo
r 1

2 
w

ee
ks

 in
 w

om
en

 w
ith

 
PC

O
S 

re
su

lte
d 

in
 si

gn
ifi

ca
nt

 
im

pr
ov

em
en

ts
 in

 th
e g

en
e 

ex
pr

es
sio

n 
of

 P
PA

R-
γ,

 IL
-8

 an
d 

TN
F-

α.
 Th

is 
su

gg
es

ts
 th

at
 o

m
eg

a-
3 

su
pp

le
m

en
ta

tio
n 

as
so

ci
at

ed
 w

ith
 

vi
ta

m
in

 E
 m

ay
 h

av
e b

en
efi

ci
al

 
th

er
ap

eu
tic

 p
ot

en
tia

l f
or

 p
at

ie
nt

s 
w

ith
 P

CO
S.

20
17

K
ha

ni
 et

 a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

87
 p

at
ie

nt
s.

Te
st

 g
ro

up
:

om
eg

a-
3 

(2
 ca

ps
ul

es
/ d

ay
 

ea
ch

 co
nt

ai
ni

ng
 1

80
 m

g 
of

 
EP

A
 an

d 
12

0 
m

g 
of

 D
H

A
). 

C
on

tr
ol

 g
ro

up
:

no
 in

te
rv

en
tio

n.

6 
m

on
th

s
In

 th
e t

es
t g

ro
up

, t
he

re
 w

as
 a

 re
du

ct
io

n 
in

 W
C,

 T
C,

 T
G

, a
nd

 an
 in

cr
ea

se
 in

 H
D

L 
(p

<0
.0

00
1 

fo
r a

ll)
 an

d 
th

e i
nt

er
va

l b
et

w
ee

n 
m

en
st

ru
al

 p
er

io
ds

 w
as

 si
gn

ifi
ca

nt
ly

 
re

gu
la

riz
ed

 (p
<0

.0
01

). 
Th

er
e w

er
e n

o 
sig

ni
fic

an
t d

iff
er

en
ce

s i
n 

w
ei

gh
t, 

Q
C,

 b
lo

od
 

gl
uc

os
e, 

nu
m

be
r o

f o
va

ria
n 

fo
lli

cl
es

, o
va

ry
 

siz
e, 

bl
ee

di
ng

 v
ol

um
e, 

m
en

st
ru

al
 b

le
ed

in
g 

an
d 

hi
rs

ut
ism

 sc
or

e.

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
in

 
w

om
en

 w
ith

 P
CO

S 
be

ne
fic

ia
lly

 
m

od
ul

at
ed

 li
pi

d 
pr

ofi
le

s, 
de

cr
ea

se
d 

w
ai

st
 ci

rc
um

fe
re

nc
e a

nd
 th

e 
in

te
rv

al
 b

et
w

ee
n 

m
en

st
ru

al
 

pe
rio

ds
. Th

es
e d

at
a 

su
gg

es
t t

ha
t 

om
eg

a-
3 

su
pp

le
m

en
ta

tio
n 

ca
n 

im
pr

ov
e m

et
ab

ol
ic

 p
ar

am
et

er
s a

nd
 

m
ak

e m
en

st
ru

al
 st

at
e r

eg
ul

ar
.

20
18

A
m

in
i e

t a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

60
 w

om
en

.
Te

st
 g

ro
up

:
10

00
 m

g 
of

 fi
sh

 o
il 

co
nt

ai
ni

ng
 2

40
 m

g 
of

 
EP

A
 an

d 
16

0 
m

g 
D

H
A

, 2
 

ca
ps

ul
es

/d
ay

.
C

on
tr

ol
 g

ro
up

: p
la

ce
bo

.

12
 w

ee
ks

In
 th

e t
es

t g
ro

up
 th

er
e w

as
 a

 si
gn

ifi
ca

nt
 

re
du

ct
io

n 
in

 se
ru

m
 in

su
lin

 (p
=0

.0
1)

, H
O

M
A-

IR
 (p

<0
.0

01
), 

to
ta

l t
es

to
ste

ro
ne

 (p
=0

.0
3)

 an
d 

hi
rs

ut
ism

 in
de

x 
(p

=0
.0

01
) a

nd
 si

gn
ifi

ca
nt

ly
 

in
cr

ea
se

d 
Q

U
IC

KI
 (p

=0
.0

08
). 

Th
er

e w
as

 a
lso

 a 
de

cr
ea

se
 in

 C
RP

 (p
<0

.0
01

) a
nd

 M
D

A
 (p

=0
.0

3)
 

an
d 

a 
sig

ni
fic

an
t i

nc
re

as
e i

n 
to

ta
l p

la
sm

a 
gl

ut
at

hi
on

e (
p=

0.
02

).

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
fo

r 1
2 

w
ee

ks
 fo

r P
CO

S 
pa

tie
nt

s p
ro

m
ot

ed
 

be
ne

fic
ia

l e
ffe

ct
s o

n 
in

su
lin

 
m

et
ab

ol
ism

, t
ot

al
 te

sto
ste

ro
ne

, 
hi

rs
ut

ism
, a

s w
el

l a
s s

om
e 

in
fla

m
m

at
or

y 
an

d 
ox

id
at

iv
e s

tr
es

s 
m

ar
ke

rs
.

20
18

Ra
hm

an
i e

t a
l. 

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

40
 w

om
en

.
Te

st
 g

ro
up

:
10

00
 m

g 
of

 fi
sh

 o
il 

co
nt

ai
ni

ng
 1

80
 m

g 
of

 E
PA

 
an

d 
12

0 
m

g 
of

 D
H

A
.

C
on

tr
ol

 g
ro

up
: p

la
ce

bo
 

tw
ic

e a
 d

ay
.

12
 w

ee
ks

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
di

d 
no

t a
ffe

ct
 

LD
L-

R,
 L

p 
(a

), 
TN

F 
an

d 
TG

F-
β 

ge
ne

 
ex

pr
es

sio
n.

 H
ow

ev
er

, i
t s

ig
ni

fic
an

tly
 in

cr
ea

se
d 

th
e P

PA
R-

γ 
ge

ne
 ex

pr
es

sio
n 

(p
<0

.0
01

) a
nd

 
re

du
ce

d 
th

e I
L-

1 
(p

=0
.0

2)
 an

d 
IL

-8
 (p

=0
.0

1)
 

ge
ne

 ex
pr

es
sio

ns
.

Fi
sh

 o
il 

su
pp

le
m

en
ta

tio
n 

fo
r 1

2 
w

ee
ks

 to
 w

om
en

 w
ith

 
PC

O
S 

pr
om

ot
ed

 a
 si

gn
ifi

ca
nt

 
im

pr
ov

em
en

t i
n 

th
e P

PA
R-

γ,
 IL

-1
 

an
d 

IL
-8

 g
en

e e
xp

re
ss

io
ns

, b
ut

 d
id

 
no

t i
nfl

ue
nc

e t
he

 L
P 

(a
), 

LD
L-

R,
 

G
LU

T-
 1

, T
N

F 
an

d 
TG

F-
β 

on
es

.

Ta
bl

e 
1

Co
nt

in
ue

d 
...



74 Omega-3 and polycystic ovary syndrome
Ye

ar
Au

th
or

(s
)

Ki
nd

 o
f s

tu
dy

Sa
m

pl
e/

In
te

rv
en

tio
n

D
ur

at
io

n
Re

su
lts

Co
nc

lu
sio

n

20
18

Ta
la

ri 
et

 a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

60
 w

om
en

.
Te

st
 g

ro
up

:
10

00
 m

g 
om

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
+ 

40
0 

IU
 

vi
ta

m
in

 E
.

C
on

tr
ol

 g
ro

up
:

pl
ac

eb
o.

12
 w

ee
ks

O
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
re

du
ce

d 
le

ft 
(p

<0
.0

01
) a

nd
 ri

gh
t (

p=
0.

01
0)

 ca
ro

tid
 in

tim
a-

m
ed

ia
 th

ic
kn

es
s (

CI
M

T)
, a

nd
 re

du
ce

d 
CR

P 
le

ve
ls 

(p
=0

.0
06

) w
ith

ou
t s

ig
ni

fic
an

tly
 aff

ec
tin

g 
ni

tr
ic

 o
xi

de
 le

ve
ls.

C
o-

su
pp

le
m

en
ta

tio
n 

w
ith

 o
m

eg
a-

3 
an

d 
vi

ta
m

in
 E

 fo
r 1

2 
w

ee
ks

 am
on

g 
pa

tie
nt

s w
ith

 P
CO

S 
ha

d 
be

ne
fic

ia
l 

eff
ec

ts
 o

n 
ca

ro
tid

 th
ic

kn
es

s a
nd

 
se

ru
m

 C
RP

 v
al

ue
s, 

bu
t w

ith
ou

t 
ch

an
ge

s i
n 

ni
tr

ic
 o

xi
de

 le
ve

ls.

20
19

Sa
de

gh
i e

t a
l.

Ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 
tr

ia
l.

62
 w

om
en

.
Te

st
 g

ro
up

:
20

00
 m

g 
of

 o
m

eg
a-

3 
su

pp
le

m
en

ta
tio

n 
+ 

vi
ta

m
in

 E
 4

00
 IU

. C
on

tr
ol

 
gr

ou
p:

 p
la

ce
bo

.

8 
w

ee
ks

C
o-

su
pp

le
m

en
ta

tio
n 

of
 o

m
eg

a-
3 

an
d 

vi
ta

m
in

 
E 

sig
ni

fic
an

tly
 in

cr
ea

se
d 

to
ta

l a
nt

io
xi

da
nt

 
ca

pa
ci

ty
 (p

<0
.0

01
), 

ca
ta

la
se

 a
ct

iv
ity

 (p
<0

.0
01

), 
gl

ut
at

hi
on

e l
ev

el
s (

p=
0.

02
8)

 an
d 

a 
sig

ni
fic

an
t 

re
du

ct
io

n 
in

 m
al

on
di

al
de

hy
de

 le
ve

ls 
(p

=0
.0

08
).

C
o-

su
pp

le
m

en
ta

tio
n 

w
ith

 o
m

eg
a-

3 
an

d 
vi

ta
m

in
 E

 h
ad

 a
 b

en
efi

ci
al

 
eff

ec
t o

n 
th

e t
ot

al
 an

tio
xi

da
nt

 
ca

pa
ci

ty
, m

al
on

di
al

de
hy

de
 

co
nc

en
tr

at
io

ns
, g

lu
ta

th
io

ne
 le

ve
ls 

an
d 

ca
ta

la
se

 a
ct

iv
ity

.
Ab

br
ev

ia
tio

ns
: A

LA
 ‒ 

al
ph

a-
lin

ol
en

ic
 a

ci
d;

 A
po

-B
 ‒ 

ap
ol

ip
op

ro
te

in
 B

; W
C 

‒ w
ai

st
 ci

rc
um

fe
re

nc
e; 

H
C 

‒ h
ip

 ci
rc

um
fe

re
nc

e; 
D

H
A

 ‒ 
do

co
sa

he
xa

en
oi

c a
ci

d;
 D

H
EA

 ‒ 
de

hy
dr

oe
pi

an
dr

os
te

ro
ne

; E
PA

 ‒ 
ei

co
sa

pe
nt

ae
no

ic
 a

ci
d;

 F
A

 ‒ 
fa

tty
 a

ci
d;

 F
A

I ‒
 fr

ee
 an

dr
og

en
 in

de
x;

 F
SH

 ‒ 
fo

lli
cl

e s
tim

ul
at

in
g 

ho
rm

on
e; 

G
LU

T-
1 

‒ g
lu

co
se

 tr
an

sp
or

te
r 1

; H
D

L-
c ‒

 
ch

ol
es

te
ro

l a
ss

oc
ia

te
d 

w
ith

 h
ig

h 
de

ns
ity

 li
po

pr
ot

ei
n;

 H
G

BA
1c

 ‒ 
gl

yc
at

ed
 h

em
og

lo
bi

n;
 H

O
M

A-
B 

‒ B
et

a 
ho

m
eo

st
as

is 
as

se
ss

m
en

t m
od

el
; H

O
M

A-
IR

 ‒ 
ho

m
eo

st
as

is 
as

se
ss

m
en

t m
od

el 
re

la
te

d 
to

 in
su

lin
 re

sis
ta

nc
e; 

IL
-1

 an
d 

IL
-8

 ‒ 
in

te
rle

uk
in

 1
 an

d 
8;

 B
M

I ‒
 b

od
y 

m
as

s i
nd

ex
; L

D
L-

c ‒
 ch

ol
es

te
ro

l a
ss

oc
ia

te
d 

w
ith

 lo
w

-d
en

sit
y 

lip
op

ro
te

in
; L

D
L-

R 
‒ L

D
L 

re
ce

pt
or

; L
H

 
‒ l

ut
ei

ni
zi

ng
 h

or
m

on
e; 

Lp
 (a

) ‒
 li

po
pr

ot
ei

n 
(a

); 
M

D
A

 ‒ 
m

al
on

di
al

de
hy

de
; m

F-
G

 ‒ 
m

od
ifi

ed
 b

y 
Fe

rr
im

an
 an

d 
G

al
lw

ey
; O

x-
LD

L 
‒ o

xi
di

ze
d 

LD
L;

 P
CR

 ‒ 
C-

re
ac

tiv
e p

ro
te

in
; P

CR
-a

s ‒
 

hi
gh

ly
 se

ns
iti

ve
 C

-r
ea

ct
iv

e p
ro

te
in

; P
O

N
1 

‒ p
ar

ao
xo

na
se

 1
; P

PA
R-

γ 
‒ p

er
ox

iso
m

e-
pr

ol
ife

ra
to

r-
ac

tiv
at

ed
 re

ce
pt

or
; Q

U
IC

KI
 ‒ 

qu
an

tit
at

iv
e i

nd
ex

 o
f v

er
ifi

ca
tio

n 
of

 in
su

lin
 se

ns
iti

vi
ty

; 
W

H
R 

‒ w
ai

st
/h

ip
 ra

tio
; M

RN
A

 ‒ 
m

es
se

ng
er

 ri
bo

nu
cl

ei
c a

ci
d;

 S
H

BG
 ‒ 

se
x 

ho
rm

on
e-

bi
nd

in
g 

gl
ob

ul
in

; T
C 

‒ t
ot

al
 ch

ol
es

te
ro

l; 
TG

 ‒ 
tr

ig
ly

ce
rid

es
; T

G
F-

β 
‒ g

ro
w

th
 tr

an
sfo

rm
at

io
n 

fa
ct

or
-b

et
a;

 T
N

F 
‒ t

um
or

 n
ec

ro
sis

 fa
ct

or
; O

G
TT

 ‒ 
or

al
 g

lu
co

se
 to

le
ra

nc
e t

es
t; 

TS
H

 ‒ 
th

yr
oi

d 
st

im
ul

at
in

g 
ho

rm
on

e; 
V

LD
L 

‒ v
er

y 
lo

w
-d

en
sit

y 
lip

op
ro

te
in

.

Ta
bl

e 
1

Co
nt

in
ue

d 
...

ALA+400 IU vitamin E/day for 12 weeks (1 
study) (Rahmani et al. 2016). As for hepatic 
steatosis, the only data found for 3.32 g of 
EPA+DHA/day for 8 weeks. In this case, a 
reduction of >5% of hepatic fat reduction 
was observed (p=0.022) (Cussons et al. 
2009).

Effect on the steroidogenic profile. 
Hyperandrogenism is a hallmark of PCOS 
related to hyperinsulinemia, as this factor 
in the syndrome is associated with a direct 
increase in the production of androgens 
by the ovary and a decrease in the levels 
of sex hormone-binding globulin (SHBG). 
SHBG is a protein that binds to testosterone, 
reducing its action potential. Therefore, after 
the reduction of SHBG caused by hyper-
insulinemia, there is a massive increase of 
free testosterone. In addition, patients with 
PCOS have hypersecretion of the luteinizing 
hormone (LH), which further increases the 
production of androgens and causes dis-
turbance of the menstrual cycle, infertility, 
hirsutism, acne, and alopecia (Hajishafiee et 
al. 2016; Yao et al. 2017; Amini et al. 2018).

Clinical trials have demonstrated a 
possible anti-androgenic function of 
omega-3 fatty acids in PCOS. Although the 
mechanisms have not been well established, 
insulin reduction is an important factor of 
these fatty acids (Oner and Muderris 2013; 
Ebrahimi et al. 2017; Khani et al. 2017). 
This relationship was well demonstrated in 
a study that observed the omega-6/omega-3 
ratio in the blood plasma of women with 
PCOS and concluded that the higher the 
omega-6/omega-3 ratio in the plasma, the 
higher levels of testosterone and dehydro-
epiandrosterone (DHEA-S) (Phelan et al. 
2011). The omega-3 supplementation of 1.9 
g (EPA+DHA) for 6 weeks can reduce free 
testosterone levels without interfering with 
the total testosterone, DHEA-S, andro-
stenedione, SHBG, estrogen, LH or follicle-
stimulating hormone (FSH). However, ALA 
supplementation of 400 mg ALA+400 IU of 
vitamin E for 12 weeks promoted significant 
reductions not only in the free testosterone, 
but also in the total plasma testosterone and 
decreased hirsutism index when compared 
to the placebo group (Ebrahimi et al. 2017; 
Amini et al. 2018). Similarly, the omega-3 
supplementation of 800 mg for 12 weeks 
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or 1500 mg for a period of more than 6 months sig-
nificantly reduced several steroidogenic parameters, 
such as serum levels of the total testosterone, free tes-
tosterone, LH, androgens, and hirsutism score (Oner 
and Muderris 2013; Amini et al. 2018). Lower doses of 
EPA+DHA (600 mg/day) did not reduce the hirsutism 
index, but the menstrual cycle of women with PCOS 
became more regular (Khani et al. 2017). The same 
result was found in the fish oil omega-3 supplemen-
tation of 900 mg since there was a reduction in the 
mean testosterone concentration (Nadjarzadeh et al. 
2013) and the LH levels (Nadjarzadeh et al. 2015).

In contrast to these findings, supplementation with 
a higher dosage of 3.6 g of EPA+DHA for 6 weeks did 
not induce effects on testosterone, SHBG or DHEAS 
(Vargas et al. 2011). The omega-3 supplementation 
may have an effect in reducing the total testosterone, 
but it does not reduce both SHBG and DHEA-S, as 
the results were controversial and this supplemen-
tation is suggested for longer periods (>6 weeks) to 
obtain the same effect (Hajishafiee et al. 2016). The 
effects found in the studies were widely different, as 
well as their doses and supplementation time. Among 
the 8 clinical trials analyzing steroidogenic hormonal 
aspects, only one did not find any benefit in this 
profile (Vargas et al. 2011). However, this study had 
the highest dosage (3.6 g of EPA+DHA) in a reduced 
period of time, which raises the discussion that the 
standard dose used (1.5 g of EPA+DHA) for long 
periods (>6 months) may show better benefits (Oner 
and Muderris 2013).

Effect on the glycemic profile. As already 
discussed, the PCOS pathogenesis may have a 
direct link to insulin resistance since hyperinsu-
linemia promotes hyperandrogenism by stimulating 
androgen synthesis via teak cells and reduces SHBG 
and thus, produces free testosterone increasingly 
(Avila et al. 2014; Sadeghi et al. 2017). Studies have 
shown that women with PCOS have an increased risk 
of type 2 diabetes mellitus (DM2) in comparison to 
non-PCOS women, and more than 50% of patients 
with PCOS are insulin resistant (Unluhizarci et al. 
2012; Jamil et al. 2015). Therefore, the discussion arises 
about the possible relationships between the omega-3 
fatty acids, insulin resistance, and PCOS. Several 
studies have found positive results from omega-3 
supplementation on glycemic parameters and adipo-
nectin levels (Mohammadi et al. 2012; Ebrahimi et al. 
2017; Amini et al. 2018; Jamilian et al. 2018). Adipo-
nectin is a hormone that improves sensitivity of cells 
to insulin and has an anti-inflammatory and anti-
atherogenic effects. The possible beneficial effects of 
omega-3 supplementation on glucose parameters can 

be partially associated with this fatty acid potential to 
increase adiponectin production (Mohammadi et al. 
2012). The significant increase of this hormone was 
noticed after 8 weeks of the omega-3 supplementa-
tion (900 mg of EPA+DHA) (Nadjarzadeh et al. 2015). 
However, in addition to significantly increasing levels 
of adiponectin, the use of 1200 mg of EPA+DHA for 
the same period favored the reduction of glucose, 
insulin, and HOMA-IR (Mohammadi et al. 2012; 
Rafraf et al. 2012).

In a longer supplementation period (6 months) 
with 1500 mg of EPA+DHA/day, levels of insulin 
and HOMA-IR were reduced without a significant 
reduction in blood glucose (Cussons et al. 2009; Oner 
and Muderris 2013). Some studies did not find sig-
nificant changes in insulin, glycemia, and HOMA-IR 
levels even after higher omega-3 doses (1.9 g and 
3.6 g for 6 weeks) (Phelan et al. 2011; Vargas et al. 
2011). A meta-analysis concluded that there was no 
significant effect of the omega-3 supplementation, 
when compared to placebo, on insulin resistance, 
and HOMA-IR in women with PCOS (Sadeghi et al. 
2017). However, recent studies have shown promising 
results in this regard. The omega-3 supplementation 
from linseed oil with vitamin E co-supplementation 
(400 mg ALA+400 IU vitamin E) for 12 weeks had 
benefits on the glycemic profile of women with PCOS, 
such as reduced insulin and HOMA-IR (Ebrahimi et 
al. 2017; Jamilian et al. 2018). Similar findings were 
found with the linseed oil supplementation without 
vitamin E (800 mg of ALA) (Mirmasoumi et al. 
2018), fish oil supplementation (dosage not reported) 
(Mejia-Montilla et al. 2018), and fish oil supplementa-
tion (800 mg of EPA+DHA) (Amini et al. 2018) all 
lasting 12 weeks. The heterogeneity of the studies 
has revealed contradictory results in relation to the 
omega-3 supplementation in women with PCOS 
and changes in the glycemic profile. However, the 
beneficial effects are clearly evident (Arentz et al. 
2017; Yang et al. 2018). According to the analyses, 
the omega-3 supplementation may have benefits 
in reducing insulin and HOMA-IR in women with 
PCOS. In 12 clinical trials that evaluated at least 1 
parameter related to the glycemic profile, 10 found 
positive results mainly in the longer supplementation 
periods. From the 12 studies, 5 found reduced insulin 
and HOMA-IR within 12 weeks of supplementation, 
either with linseed oil (400 mg ALA+400 IU vitamin 
E/day or 800mg ALA/day without adding vitamin E) 
or fish oil (1200 or 1500 mg/day of EPA+DHA).

Effect on the anthropometric profile. Women 
with PCOS have a higher prevalence of obesity and 
metabolic syndrome since the correlation between 
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obesity, insulin resistance, and PCOS pathogenesis 
(Oner and Muderris 2013; Silva 2013). Therefore, diets 
and healthy eating patterns for weight loss have been 
widely discussed in the treatment of this disease. 
A study that proposed a diet with a healthy eating 
pattern for women with PCOS has shown significant 
weight loss in these women in addition to improve-
ments in steroidogenic parameters and the glycemic 
profile related to the syndrome. Thus, weight loss 
is related to a positive impact of PCOS treatment 
(Foroozanfard et al. 2017). It has been discussed 
much in relation to the effects of omega-3 fatty acids 
on weight loss since some studies have made this 
association. A trial carried out with diabetic women 
observed a reduction in adiposity after the omega-3 
supplementation (Lee et al. 2013). Although there are 
significant results of weight loss in rodents (Buckley 
and Howe 2010), studies in humans that demonstrate 
weight loss with the omega-3 supplementation are 
still scarce. There were no significant differences in 
body mass index (BMI) and body weight after using 
1200 mg omega-3 supplementation (EPA+DHA) for 
8 weeks in women with PCOS (Rafraf et al. 2012; 
Mohammadi and Rafraf 2012). However, a significant 
reduction in mean BMI has been observed in a group 
of women supplemented with omega-3 after 6 months 
of treatment, with 1500 mg of EPA+DHA (Oner and 
Muderris 2013). For the same period, the omega-3 
supplementation of 2000 favored a reduction in 
waist circumference (WC) without changes in weight 
(Khani et al. 2017). After 8 weeks of the omega-3 
supplementation of 900 mg (EPA+DHA), there was a 
significant decrease in the waist-to-hip ratio (WHR) 
compared to baseline, but BMI did not change sig-
nificantly (Nadjarzadeh et al. 2015). Data suggest that 
there is an association between omega-3 fatty acids 
for long periods and reduction in body measure-
ments, even though there is no strong evidence that 
the omega-3 supplementation has a significant effect 
on BMI (Yang et al. 2018).

Effect on the inflammation and oxidative stress 
biomarkers. PCOS is related to a chronic inflam-
matory process with elevated serum levels of pro-
inflammatory markers. Pro-inflammatory cytokines, 
such as tumor necrosis factor (TNF) and interleukin 6 
(IL-6), are important factors for the insulin resistance 
development (Escobar-Morreale et al. 2011; Oner 
and Muderris 2013). Furthermore, this syndrome is 
also associated with oxidative stress, in which the 
increased production of free radicals and reactive 
oxygen species (ROS) are made for the decreased 
levels of plasma antioxidants (Gonzalez et al. 2013). 
Therefore, the omega-3 supplementation could be 

beneficial for women with PCOS as these fatty acids 
act in competition with arachidonic acid leading to 
the inhibition of the production of pro-inflammatory 
eicosanoids. These eicosanoids serve as an alterna-
tive substrate for cyclooxygenase (COX and COX2), 
which results in the formation of less potent products 
than pro-inflammatory ones (Barbalho et al. 2011).

There are evidences that omega-3 supplementa-
tion significantly increases the body’s antioxidant 
capacity as well as reduces the levels of malondi-
aldehyde (MDA) (Najafi et al. 2017; Ali and Rifaai 
2019). However, no satisfactory results were found for 
C-reactive protein (CRP) levels reduction after admin-
istration of 1.2 g fish oil omega-3 supplementation 
for 8 weeks (Mohammadi et al. 2012) or 3.6 g of fish/
flax oil omega-3 supplementation (3.2 g) for 6 weeks 
(Vargas et al. 2011). A significant reduction in CRP 
levels was noticed with 800 mg ALA supplementation 
(Mirmasoumi et al. 2018), 1000 mg of omega-3+400 
UI vitamin E, both over a 12-week period (Talari 
et al 2018) 800 mg of EPA+DHA also decreased the 
levels of CRP and malondialdehyde with a significant 
increase in total plasma glutathione, which points 
out body’s antioxidant efficiency (Amini et al. 2018). 
The increase in the serum activity of paraoxonase 
1 (PON1), an antioxidant enzyme linked to HDL, 
has been observed after administration of 1200 mg 
of EPA+DHA for 8 weeks (Mohammadi and Rafraf 
2012). Other findings showed a significant increase in 
the levels of total plasma antioxidants and a decrease 
in malondialdehyde levels after using 400 mg of 
ALA+400 IU vitamin E, for 12 weeks (Rahmani et al. 
2016). Based on the same dosage and supplementation 
time, there was an increase in TNF, PPAR-γ, and IL-8 
gene expressions, but without influencing the glucose 
transporter type 1 (GLUT-1), IL-6, and transform-
ing growth factor β (TGF-β) levels (Jamilian et al. 
2018) and 2000 mg of omega-3 supplementation+400 
IU of vitamin E for 8 weeks significantly increased 
the total antioxidant capacity, catalase activity, glu-
tathione levels, and reduced MDA levels (Sadeghi et 
al. 2020). The omega-3 supplementation can increase 
TNF levels since it reduces insulin levels, which is a 
hormone associated with anti-inflammatory effects. 
Therefore, insulin reduction could influence the TNF 
elevation (Oner and Muderris 2013). Fish oil supple-
mentation for 12 weeks for women with Polycystic 
Ovary Syndrome also improved complementing 
PPAR-γ, IL-1 and IL-8 gene expression, but did not 
influence LP(a), LDLR, GLUT gene expression -1, 
TNF-α and TGF-β (Rahmani et al. 2018).

In the analyzed studies, it was observed that the 
results are scarce and quite controversial regarding 
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the effects of the omega-3 fatty acids on inflamma-
tory biomarkers and oxidative profile in women with 
PCOS. In total, 12 clinical trials evaluated at least one 
aspect related to these profiles, whereas only 3 of them 
were found with a CRP reduction. They all lasted 12 
weeks of supplementation with different doses as 
follows: 1000 mg of EPA+DHA+400 IU of vitamin E 
or 800 mg of ALA or 800 mg of EPA+DHA. In 3 cases, 
an improvement in the PPAR-γ gene expression also 
lasting 12 weeks and different doses as follows: 400 
mg of ALA or 400 mg of ALA+400 IU vitamin E or 
600 mg EPA+DHA was found.

Conclusions

Despite the fact that the selected studies did not 
show any direct benefits of the omega-3 supple-
mentation in PCOS, this fatty acid clearly promotes 
indirect benefits by improving the metabolic profile 
associated with the disease. However, due to the 

great heterogeneity of the studies, it became difficult 
to standardize the dosages and the time of use. 
However, more efficient results could be noticed in 
the lipid and glycemic profiles with dosages between 
1200 to 1500 mg of the fish-oil EPA+DHA/day, 800 
mg of ALA/day or 400 mg of ALA+400 IU of vitamin 
E from oil linseed during the same time between 
8 and 12 weeks. As for the androgenic profile, the 
dosage of 1200 to 1500 mg of EPA+DHA seems to be 
necessary for a longer period, i.e. 6 months of use. As 
for the anthropometric profile, the studies analyzed 
in women with PCOS are scarce and incongruous 
regarding the benefits from weight loss and/or body 
fat. For the antioxidant profile and biomarkers of the 
inflammatory process, positive results were observed 
for the reduction of CRP and regulation of PPAR-γ 
gene expression with different doses above 12 weeks 
of use. Since the results are promising, further studies 
should be performed with better-defined standards 
regarding the dosage and the supplementation time.
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