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Abstract 

Background:  Omega-3 may alleviate the severity of coronavirus disease 2019 (COVID-19) by reducing the C-reactive 
protein (CRP) level, a marker for systemic inflammation. Because the scientific evidence indicating such a role is incon‑
sistent, we aimed to evaluate the effect of Omega-3 on CRP change and CRP level in patients with COVID-19.

Methods:  We conducted a comprehensive search on four databases (PubMed, Web of Science, EMBASE, and 
Scopus). We included all RCTs comparing Omega-3 with a control group regarding their effect on the CRP levels in 
patients with COVID-19. We used version two of the Cochrane risk of bias assessment tool to appraise the included 
studies. We extracted data to an online data extraction sheet. The primary outcomes were CRP change from baseline 
and CRP serum levels.

Results:  We included four randomized controlled trials (RCTs) with 274 patients in this study. The overall effect esti‑
mate favored Omega-3 over the control group in terms of CRP change from baseline (mean difference (MD) =− 2.53, 
95% confidence interval (CI): − 4.40, − 0.66) and CRP serum levels at the end of the study (MD =− 6.24, 95% CI: 
− 11.93, − 0.54).

Conclusion:  Omega-3 showed promising effects on systemic inflammation by reducing CRP levels in COVID-19 
patients. Based on this finding, we recommend Omega-3 for COVID-19 patients for its anti-inflammatory actions.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic 
has caused significant morbidity and mortality, engross-
ing the biomedical community in efforts to understand 
the pathophysiology of the disease and identify the most 
effective therapeutic strategies [1]. The World Health 
Organization (WHO) reported that until April 2022, 
COVID-19 global deaths had reached 6.21 million. In 
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affected patients, COVID-19 generally induces a predict-
able pattern of metabolic and clinical disturbances [2]. 
It causes changes in their leukocyte counts, an increase 
in cytokines and inflammatory markers like C- reactive 
protein (CRP), and erythrocyte sedimentation rate (ESR). 
The higher the serum levels of inflammatory markers, the 
greater the severity of the disease [3, 4].

Nutritional deficiencies worsen both the immune 
response and viral pathogenic functions. As a result, 
oxidative stress may occur, leading to changes in the 
virus’s genome, converting a normally benign or mildly 
pathogenic virus to a highly virulent pathogen [5, 6]. The 
pathogenicity of COVID-19 indicates that an adequate 
nutritional status is crucial for both early viremic and 
later hyperinflammatory stages [7].

Symptomatic COVID-19 patients have modest thera-
peutic modalities for alleviating their symptoms, decreas-
ing inflammation, and slowing disease progression 
[8]. Furthermore, the effective drugs were evaluated in 
patients who were hospitalized or seriously ill [9]. As so, 
nutritional supplementations could modulate this inflam-
matory cascade and lead to better outcomes [10].

COVID-19 patients may develop acute respiratory dis-
tress syndrome (ARDS) due to the uncontrolled produc-
tion of inflammatory mediators [11]. This inflammatory 
cascade may be modulated by nutritional supplements 
[10]. Nutritional supplements, including micronutrients 
such as; selenium (Se), zinc (Zn), and iron (Fe), are cru-
cial for immune modulation in viral diseases, such as; 
chronic hepatitis and COVID-19 [12, 13]. Most COVID-
19 patients exhibit combined Zn and Se deficiency [14]. 
Zinc can limit cytokine storm as well as the replication of 
the COVID-19  virus [15]. A recent study demonstrated 
a statistically significant association between the serum 
Se level and the cure rate in COVID-19 patients [16]. Se 
biomarkers were associated with decreased inflammatory 
markers, mainly CRP [17].

International nutrition associations recommended 
Omega-3 fatty acid-rich treatments to boost the immu-
nological response in COVID-19 patients [18, 19].

Omega-3 polyunsaturated fatty acids (n-3 PUFAs) have 
become popular in nutrition for their beneficial usage 
in inflammatory diseases. Omega-3 fatty acids, such as 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), are long-chain n-3 PUFAs that are known for 
their promising anti-inflammatory roles against inflam-
matory diseases [20].

Previous studies on diabetes, sepsis,, and hemodialysis 
patients have demonstrated the ability of Omega-3 sup-
plementations to decrease CRP and other inflammatory 
markers. Mortality in COVID-19 patients is considerably 
elevated with associated co-morbidities [21]. Diabetic 
patients are more likely to experience abnormal clotting 

and thrombus formation exacerbated by COVID-19 [22, 
23].

Omega-3 PUFAs can reduce inflammation through dif-
ferent mechanisms. They decrease the production of ara-
chidonic acid-derived eicosanoid mediators, which have 
pro-inflammatory properties [24]. Moreover, the enzy-
matic oxidation of EPA and DHA produces resolvins and 
protectins, which aid in the resolution of inflammation. 
In vitro and in vivo studies revealed that such a mecha-
nism could need Omega-3 fatty acid concentrations as 
high as 3 g. [25]

In the recent REDUCE-IT trial, icosapent ethyl (IPE), 
which is a synthetic derivative of EPA (at an oral dose of 
4  g daily), was associated with a 25% reduction in car-
diovascular complications in patients with or at risk of 
cardiovascular disease over a 4.9-year median follow-up 
period [8]. Another published trial by Doaei et  al. used 
a daily 1000  mg concoction (200  mg DHA and 400  mg 
EPA) for a two-week follow-up period as a therapeutic 
agent against COVID-19. The study showed that the one-
month survival rates, renal functions, and impacts on 
arterial blood gas indicators were higher in the treatment 
group compared to the control group [26].

Given the positive impact of Omega 3 fatty acids on 
the inflammatory process, the rising use of Omega-3 
PUFAs as immune nutrients for COVID-19 patients, and 
the contradictory findings of recent trials on the effect of 
Omega-3 supplementations on inflammatory biomarkers 
in COVID-19 patients, we aimed to assess the impact of 
Omega-3 PUFAs supplementations on the CRP levels in 
COVID-19 patients.

Methods
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement 
during the preparation of this meta-analysis [27]. The 
PRISMA Checklist is included in Additional file 1.

Inclusion and exclusion criteria
We included all randomized controlled trials (RCTs) sat-
isfying the following criteria: (1) studies conducted on 
patients diagnosed with COVID-19; (2) Studies that used 
Omega-3 PUFAs or any other derivatives as their primary 
intervention, regardless of dose and form of administra-
tion, and whether alone or in addition to other drugs; 
(3) Studies that reported CRP levels as one of their out-
comes. We excluded articles not satisfying these criteria. 
We also excluded abstracts, expert opinions, editorials, 
animal studies, letters, and studies unavailable in English.

Literature search
We applied a search strategy to four electronic data-
bases: PubMed, Scopus, Web of Science, and EMBASE 
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in March 2022. Relevant articles were identified using 
the following search strategy: ("Omega-3 Fatty Acid" 
OR "n3 Oil" OR "n3 Fatty Acid" OR "n3 PUFA" OR "n3 
Polyunsaturated Fatty Acid" OR "N 3 Fatty Acid" OR "n 
3 Polyunsaturated Fatty Acid") AND ("COVID 19" OR 
"SARS-CoV-2 Infection" OR "2019 Novel Coronavirus 
Disease" OR "2019 Novel Coronavirus Infection" OR 
"COVID 19 Virus Infection" OR "Coronavirus Disease 
2019" OR "Severe Acute Respiratory Syndrome Corona-
virus 2 Infection" OR "SARS Coronavirus 2 Infection" OR 
"COVID 19 Virus Disease" OR "2019 nCoV Infection" OR 
"COVID-19 Pandemics"). Detailed search strategies for 
all four databases are elucidated in Additional file 2.

Study selection
All authors independently screened the retrieved stud-
ies for eligibility in two phases. First, titles and abstracts 
were screened for eligibility. Then, a full-text screening 
of the eligible abstracts was performed to select the final 
included studies in the meta-analysis.

Quality assessment
Two authors independently performed a quality assess-
ment of the retrieved RCTs. A senior author resolved any 
disagreements. The evaluation was done according to 
version 2 of the Cochrane tool for assessing the risk of 
bias in randomized trials (RoB2) [28], which assesses the 
following items: randomization process, deviations from 
intended interventions, missing outcome data, measure-
ment of the outcome and selection of the reported result. 
We judged each study as either low or high risk of bias or 
some concerns. We used robvis to create the risk-of-bias 
plots [29].

Data extraction
Two authors independently extracted the following data 
using an online data extraction sheet: (1) summary of the 
included studies (study design, study location, sample 
size, population, interventional regimens, control, follow-
up period, and primary outcomes); (2) Baseline charac-
teristics of the included participants (age, gender, body 
mass index (BMI), and baseline CRP levels); and (3) study 
outcomes (CRP levels).

Statistical analysis
Review Manager (RevMan) version 5.4 for Windows 
was used to perform the statistical analysis. Significant 
results  were defined with  a P-value of less than 0.05. 
Data were pooled as mean difference (MD). Initially, we 
used the fixed effect model, assuming that the studies 
were homogenous due to the similarity in study design 
and treatment effect measures. Random-effects meta-
analysis model was used to pool heterogeneous data 

using the Mantel–Haenszel equation. We evaluated sta-
tistical heterogeneity by visual inspection of the forest 
plots. We also measured its magnitude by the I-square 
and Chi-Square tests. Significant heterogeneity was 
detected when the chi-square P-value was less than 0.05. 
The I-square test was employed to measure the extent of 
heterogeneity according to the Cochrane Handbook of 
Systematic reviews and meta-analysis recommendations. 
I-square more than 75% was considered a significant 
heterogeneity[30].

Results
Search results
Our literature search strategy retrieved 1375 records. 
We found 11 eligible articles for full-text screening after 
evaluating titles and abstracts. Of them, four studies were 
included in this systematic review. However, only three 
studies were pooled in the meta-analysis, as shown in 
Fig. 1.

Characteristics of the included studies
We included four studies [26, 31–33] in this meta-anal-
ysis, totaling 274 COVID-19 patients. Patients were ran-
domly assigned to receive Omega-3 or other derivatives 
as an intervention or control in all trials. A summary of 
the characteristics of the included studies is illustrated in 
Table 1. The baseline characteristics of their participants 
are shown in Table 2.

Doaei et  al. [26] conducted a double-blind RCT to 
evaluate the effect of Omega-3 PUFA supplementation 
on inflammatory and biochemical markers in COVID-19 
patients who were critically ill. CRP level was one of the 
primary outcomes of this study; however, they failed to 
measure its level, which was considered a major limita-
tion in their study.

Quality assessment results
The overall risk of bias in the included studies [26, 31–33] 
was high.

Regarding the randomization process, two included 
studies [26, 32] reported an adequate randomization 
method with allocation concealment, so we judged them 
as low risk. However, Sedighiyan et  al.[33] and Kosmo-
poulos et al. [31] were judged as some concerns.

Regarding deviations from the intended interventions, 
two studies; Pimentel et  al. [32] and Doaei et  al. [26] 
were judged as low risk of bias due to sufficient blinding 
of patients and examiners, while the other two studies: 
Kosmopoulos et  al. [31] and Sedighiyan et  al. [33] were 
judged as high risk as they were open-labeled and single-
blinded studies, respectively.

Regarding missing outcome data, Kosmopoulos et al. 
[31]and Pimentel et al. [32]had a low risk of bias due to 
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sufficient outcome data and the use of intention to treat 
(ITT) analysis. Sedighiyan et  al. [33] and Doaei et  al. 
[26] were judged as high risk of bias due to missing data 
without using the ITT method for analysis.

Regarding the measurement of the outcomes, Kos-
mopoulos et  al. [31] and Sedighiyan et  al. [33] were 
judged as high risk as certain outcomes were patient-
reported, and patients were not blinded. The other two 
studies [26, 32] were judged as low risk.

As for bias in the selection of the reported results, 
Doaei et  al. [26] and Pimentel et  al. [32] were judged 
as high risk of bias due to incomplete outcomes report-
ing. On the other hand, Kosmopoulos et  al. [31] and 
Sedighiyan et  al. [33] were judged as low risk of bias 
due to reporting all outcomes in the protocol. Figures 2 
and 3 illustrate a summary of the risk of bias assess-
ment of the included studies.

Outcomes
CRP serum levels
Pooled data from three studies [31–33] with 173 patients 
favored Omega-3 over the control group (MD =−  6.24; 
95% CI: −  11.93, −  0.54; P = 0.03; Fig.  4) in terms of 
reducing the serum levels of CRP. Considerable heteroge-
neity was detected among these studies under a random-
effects model (P > 0.00001, I2 = 96%).

CRP changes from baseline
Pooled data from three studies [31–33] with 173 patients 
favored Omega-3 over the control group (MD =−  2.53; 
95% CI: − 4.40, -0.66); P = 0.008; Fig. 5) in terms of the 
detected baseline change in CRP levels. Pooled data 
were homogenous under a fixed-effects model (P = 0.06, 
I2 = 65%).

Fig. 1  PRISMA flow diagram



Page 5 of 9Taha et al. Journal of Translational Medicine          (2022) 20:401 	

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 in
cl

ud
ed

 s
tu

di
es

RT
-P

CR
 re

ve
rs

e 
tr

an
sc

rip
tio

n-
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n,

 C
RP

 C
-r

ea
ct

iv
e 

pr
ot

ei
n,

 R
CT

​ ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l, 

BM
I b

od
y 

m
as

s 
in

de
x,

 E
PA

 E
ic

os
ap

en
ta

en
oi

c 
ac

id
, D

H
A 

do
co

sa
he

xa
en

oi
c 

ac
id

, E
SR

 e
ry

th
ro

cy
te

 
se

di
m

en
ta

tio
n 

ra
te

, C
O

VI
D

-1
9 

co
ro

na
vi

ru
s 

di
se

as
e 

20
19

St
ud

y 
ID

D
es

ig
n

Co
un

tr
y

Sa
m

pl
e 

si
ze

Po
pu

la
tio

n 
&

 In
cl

us
io

n 
cr

ite
ri

a
In

te
rv

en
tio

n
Co

nt
ro

l
Fo

llo
w

-u
p 

pe
ri

od
 

(d
ay

s)

Pr
im

ar
y 

ou
tc

om
es

Pi
m

en
te

l 2
02

2
D

ou
bl

e-
bl

in
de

d 
RC

T​
Br

az
il

43
Pa

tie
nt

s 
di

ag
no

se
d 

w
ith

 C
O

VI
D

-1
9 

th
ro

ug
h 

m
ol

ec
ul

ar
 e

xa
m

in
at

io
n 

(R
T-

PC
R)

, a
ge

d 
be

tw
ee

n 
18

 to
 6

5 
ye

ar
s 

ol
d,

 fe
d 

w
ith

 o
ra

l d
ie

t, 
w

ith
 p

at
en

t 
ga

st
ro

in
te

st
in

al
 tr

ac
t, 

an
d 

no
t r

eq
ui

rin
g 

IC
U

 h
os

pi
‑

ta
liz

at
io

n 
or

 m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n

20
0 

m
l u

ni
ts

 o
f a

 h
ig

h-
pr

ot
ei

n,
 n

or
m

oc
al

or
ic

 
nu

tr
iti

on
al

 s
up

pl
em

en
t 

en
ric

he
d 

w
ith

 L
-a

rg
in

in
e,

 
nu

cl
eo

tid
es

, a
nd

 o
m

eg
a-

3 
es

se
nt

ia
l f

at
ty

 a
ci

ds

20
0 

m
l u

ni
ts

 o
f a

 h
ig

h 
pr

ot
ei

n,
 n

or
m

oc
al

or
ic

 
nu

tr
iti

on
al

 s
up

pl
em

en
t 

th
at

 d
id

 n
ot

 in
cl

ud
e 

an
y 

ad
di

tio
na

l i
m

m
un

e 
nu

tr
ie

nt
s

8
C

ha
ng

es
 in

 s
er

um
 C

RP
 le

ve
l 

an
d 

to
ta

l l
ym

ph
oc

yt
e 

co
un

t

Se
di

gh
iy

an
 2

02
1

Si
ng

le
-b

lin
de

d 
RC

T​
Ira

n
30

Pa
tie

nt
s 

di
ag

no
se

d 
w

ith
 

CO
VI

D
-1

9,
 a

ge
d 

>
 1

8,
 w

ith
 

BM
I >

 1
8.

5

O
m

eg
a-

3 
(3

 c
ap

su
le

s 
co

nt
ai

ni
ng

 6
70

 m
g 

EP
A

 
an

d 
D

H
A

) +
 2

 c
ap

su
le

s 
co

nt
ai

ni
ng

 4
00

 m
g 

H
yd

ro
xy

ch
lo

ro
qu

in
e

Tw
o 

ca
ps

ul
es

 c
on

ta
in

in
g 

40
0 

m
g 

hy
dr

ox
yc

hl
or

o‑
qu

in
e

14
C

ha
ng

es
 in

 s
er

um
 C

RP
, E

SR
, 

an
d 

cl
in

ic
al

 s
ym

pt
om

s, 
in

cl
ud

in
g 

pa
in

, f
at

ig
ue

, 
ap

pe
tit

e,
 a

nd
 o

lfa
ct

io
n

Ko
sm

op
ou

lo
s 

20
21

O
pe

n-
la

be
l R

C
T​

Ca
na

da
10

0
Pa

tie
nt

s 
di

ag
no

se
d 

w
ith

 
CO

VI
D

-1
9,

 w
ith

 a
 p

os
iti

ve
 

PC
R 

te
st

 re
su

lt 
ob

ta
in

ed
 

w
ith

in
 th

e 
pr

ev
io

us
 7

2 
h 

of
 

en
ro

llm
en

t, 
ha

vi
ng

 a
t l

ea
st

 
on

e 
of

 th
es

e 
sy

m
pt

om
s: 

co
ug

h,
 fe

ve
r, 

so
re

 th
ro

at
, 

m
ya

lg
ia

, o
r s

ho
rt

ne
ss

 o
f 

br
ea

th

Ic
os

ap
en

t e
th

yl
 (8

 g
 d

ai
ly

 
fo

r t
hr

ee
 d

ay
s, 

fo
llo

w
ed

 b
y 

4 
g 

da
ily

 fo
r 1

1 
da

ys
)

U
su

al
 c

ar
e 

(n
o 

in
te

rv
en

‑
tio

n)
14

 +
 3

C
ha

ng
e 

in
 h

ig
h-

se
ns

iti
vi

ty
 

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(h
s-

C
RP

) 
an

d 
ch

an
ge

 in
 In

FL
U

en
za

 
Pa

tie
nt

-R
ep

or
te

d 
O

ut
co

m
e 

(F
LU

-P
RO

) d
ia

ry
 s

co
re

s

D
oa

ei
 2

02
1

D
ou

bl
e-

bl
in

d 
RC

T​
Ira

n
10

1
Pa

tie
nt

s 
ag

ed
 b

et
w

ee
n 

35
 a

nd
 8

5 
ye

ar
s 

di
ag

‑
no

se
d 

w
ith

 C
O

VI
D

-1
9 

th
ro

ug
h 

a 
po

si
tiv

e 
RT

-P
C

R 
na

so
ph

ar
yn

ge
al

 s
w

ab
 

an
d 

w
ith

 th
e 

fo
llo

w
in

g 
sy

m
pt

om
s: 

fe
ve

r, 
fa

tig
ue

, 
dr

y 
co

ug
h,

 re
sp

ira
to

ry
 

di
st

re
ss

, o
r s

ev
er

e 
pn

eu
‑

m
on

ia
. P

at
ie

nt
s 

al
so

 h
ad

 
to

 b
e 

in
di

ca
te

d 
fo

r e
nt

er
al

 
nu

tr
iti

on

O
ne

 c
ap

su
le

 o
f 1

00
0 

m
g 

om
eg

a-
3 

da
ily

 c
on

ta
in

in
g 

40
0 

m
g 

EP
A

 a
nd

 2
00

 m
g 

D
H

A
, t

hr
ou

gh
 a

dd
in

g 
th

e 
su

pp
le

m
en

t t
o 

th
ei

r 
en

te
ra

l f
or

m
ul

a

Pl
ac

eb
o 

in
 th

e 
fo

rm
 o

f 
an

 is
oc

al
or

ic
-is

ov
ol

em
ic

 
fo

rm
ul

a

14
Bl

oo
d 

gl
uc

os
e,

 s
od

iu
m

 (N
a)

, 
po

ta
ss

iu
m

 (K
), 

bl
oo

d 
ur

ea
 

ni
tr

og
en

 (B
U

N
), 

cr
ea

tin
in

e 
(C

r),
 a

lb
um

in
, h

em
at

oc
rit

 
(H

C
T)

, c
al

ci
um

 (C
a)

, p
ho

s‑
ph

or
us

 (P
), 

m
ea

n 
ar

te
ria

l 
pr

es
su

re
 (M

A
P)

, O
2 

sa
tu

ra
‑

tio
n 

(O
2s

at
), 

ar
te

ria
l p

H
, 

pa
rt

ia
l p

re
ss

ur
e 

of
 o

xy
ge

n 
(P

O
2)

, p
ar

tia
l p

re
ss

ur
e 

of
 

ca
rb

on
 d

io
xi

de
 (P

CO
2)

 a
nd

 
bi

ca
rb

on
at

e 
(H

CO
3)

, a
s 

w
el

l 
as

 1
-m

on
th

 s
ur

vi
va

l r
at

e



Page 6 of 9Taha et al. Journal of Translational Medicine          (2022) 20:401 

Discussion
This is, to our knowledge, the first systematic review 
and meta-analysis to assess the impact of Omega-3 fatty 
acid supplementation on the CRP levels of patients with 
COVID-19. Omega-3 fatty acids’ beneficial effect in 

modulating the inflammatory process is well established 
in the literature [20, 24]. A decline in serum CRP level has 
been demonstrated following Omega-3 PUFAs supple-
mentation in several diseases [34, 35]. However, incon-
sistent findings were observed in COVID-19 patients [26, 

Table 2  Baseline characteristics of included studies

BMI: body mass index, SD standard deviation

Study ID Study groups Sample size Age mean (SD) Gender male (%) Bmi mean (SD)

Pimentel 2022 Immunonutrient enriched supplement 21 41.1 (2.8) 14 (66.7) 27.3 (1.2)

control group (non-immunonutrient 
enriched supplement)

22 41.9 (2.6) 12 (54.5) 27.8 (1)

Sedighiyan 2021 Omega-3 + hydroxychloroquine 15 66.46 (2.8) 9 (60) 27.01 (0.94)

Control group (hydroxychloroquine alone) 15 67.06 (2.28) 9 (60) 26.13 (0.73)

Kosmopoulos 2021 Icosapent ethyl 50 44 (16.29) 24 (48) 24.83 (3.33)

Control group 50 40.66 (17.77) 21 (42) 24.36 (4.22)

Doaei 2021 1000 mg omega-3 28 66 (14.58) 15 (53.6) 27.68 (7.54)

Control group 73 64 (14.25) 45(61.6) 27.39 (3.15)

Fig. 2  Risk of bias graph for included studies

Fig. 3  Risk of bias summary for included studies
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31–33]. To resolve this discrepancy, we conducted a sys-
tematic review of recently published RCTs by providing 
clear evidence regarding this debate.

The included trials in this systematic review assessed 
the effect of Omega-3 supplementation on the inflam-
matory biomarker CRP. Our results (three pooled stud-
ies with 173 patients) found a significant decrease in the 
CRP serum levels as an endpoint following Omega-3 
supplementations in COVID-19 patients compared to 
the control. In addition, a significant change from base-
line in the CRP levels was noted in our results favoring 
Omega-3 supplementations over the control.

Results from Kosmopoulos et al. [31], who studied the 
effects of IPE on ambulatory patients with COVID-19, 
indicate that the IPE group had reduced high-sensitivity 
CRP by 25% (p = 0.011) and improved symptoms com-
pared to patients assigned to usual care who tended to 
have a non-significant reduction by 5.6% (p = 0.51). How-
ever, a non-significant result was obtained when compar-
ing the two groups for unadjusted values (p = 0.082).

The concentrations of CRP in serum posttreatment 
were found to be significantly lower (p < 0.05) in the treat-
ment group who took Omega-3 supplements compared 
to the baseline in the study by Sedighiyan et al. [33]. Fur-
thermore, the treatment group’s CRP levels were signifi-
cantly reduced (p < 0.001). In 2021, Pimentel et  al. [32] 
published a randomized clinical trial on 43 adult patients 
with COVID-19, which showed a significant CRP level 
reduction in the experiment group compared to the con-
trol group (p = 0.002).

This meta-analysis resolved this ongoing debate and 
highlighted the beneficial role of Omega-3 fatty acids 
administration on the CRP levels and the change in its 
levels from baseline. This could be explained by interleu-
kin-6 (IL-6) which is a sensitive indicator in inflamma-
tory conditions [36] as it induces the synthesis of CRP 
during inflammation, and it was significantly higher in 
severe COVID-19 cases [37]. N-3 PUFAs have decreased 
endotoxin-stimulated production of IL-6 and tumor 
necrosis factor (TNF)-α [20].

In a recently published RCT by Doaei et al. [26], criti-
cally ill COVID-19 patients were randomized to receive 
enteral omega-3 fatty acids or control for 14  days. 
Authors reported that patients supplemented with 
omega-3 showed improvement in respiratory and renal 
functions as indicated by significantly low BUN, Cr, and 
K levels and high pH and HCO3. This might be corre-
lated to the effect of this supplementation in modulating 
the inflammatory cytokines.

Similarly, Kosmopoulos et  al. [31] found that the IPE 
group scored significantly lower than the usual care 
cohort in the total systemic and respiratory symptoms 
among patients with COVID-19. However, the gastroin-
testinal domain had a considerable score decline in the 
standard care group compared to the IPE group. Addi-
tionally, Sadighiyan et  al. [33] observed that short-term 
Omega-3 supplementations improved the clinical signs 
of COVID-19 infection compared to the control group, 
except for the olfactory impairment. Our study con-
firms these positive findings as the authors hypothesized 

Fig. 4  Forest plot of the C-reactive protein (CRP) serum levels

Fig. 5  Forest plot of the change from baseline in C-reactive protein (CRP)
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that lower CRP, the main outcome of our meta-analysis, 
might be one of the reasons Omega-3 decreased COVID-
19 physical symptoms as the improvements in inflam-
matory parameters are correlated to the clinical changes 
[33].

Infection with COVID-19 causes a "cytokine storm" 
similar to ARDS, resulting in systemic inflammation 
and multiple organ failure [3, 38, 39]. Recent research 
has shown that n-3 PUFAs such as EPA and DHA can 
regulate the immune response, reduce hyperinflam-
matory conditions, and decrease the complications of 
infection [40]. In patients with ARDS, a meta-analysis by 
Pontes-Arruda et al. [41] reported a significant decline in 
ventilator-free days, organ failures, length of stay in the 
intensive care unit (ICU), and mortality following EPA 
and gamma-linolenic acid (GLA) supplements. Lan-
glois et al. found that patients with ARDS who received 
Omega-3 PUFAs supplements had decreased stay in the 
ICU and decreased duration of mechanical ventilation 
[42]. All these positive outcomes adhere to the reduc-
tion in CRP levels being a main marker of inflammation. 
Thus, this highlights the major rule of Omega-3 fatty 
acids in alleviating the cytokine storm of COVID-19 and 
all its associated co-morbidities.

After demonstrating that supplementation with N-3 
PUFAs benefits CRP levels in this study, Insights for 
future research have emerged. Additional scientific evi-
dence in controlling the inflammatory cascade could help 
alleviate COVID-19’s damaging consequences on global 
health by reducing economic burdens.

Strengths and limitations
We followed the PRISMA checklist and the Cochrane 
Handbook of systematic reviews in all performed steps. 
Strengths can be summarized as including only RCTs 
and strict inclusion and exclusion criteria that were 
required to reduce heterogeneity. However, this resulted 
in the main limitation of this study, which is including a 
few studies. Multiple variables limit the interpretation 
of the included trials, such as the small sample size and 
short follow-up period. In addition, Included studies are 
of limited quality and one of them provided Omega-3 
and other supplements, which might have weakened its 
quality of evidence. Furthermore, our patients had vari-
ous degrees of disease severity with different underlying 
comorbidities.

Three of the included studies [26, 31, 32] reported a 
non-significant increase in the lymphocyte count. How-
ever, the data represented were insufficient to be pooled 
in the meta-analysis. Furthermore, only two studies [31, 
33] reported the ESR levels, which impeded our ability to 
make conclusions about this important biomarker.

Conclusion
Based on this meta-analysis, Omega-3 supplementa-
tions showed significant benefits in alleviating the 
inflammatory response as indicated by the CRP level 
reduction. Thus, Omega-3 might be prescribed as a 
supplement for COVID-19 patients. These results seem 
promising; however, further RCTs with larger sam-
ple sizes and longer follow-up duration are needed to 
confirm our findings, considering the supplementation 
dose, follow-up duration, and patients’ characteristics.

Abbreviations
CRP: C-reactive protein; COVID-19: Coronavirus disease -19; RCTs: Randomized 
clinical trails; MD: Mean difference; CI: Confidence interval; WHO: World health 
organization; ESR: Erythrocyte sedimentation rate; ARDS: Acute respiratory 
distress syndrome; Se: Selenium; Zn: Zinc; Fe: Iron; n-3 PUFAs: Omega-3 
polyunsaturated fatty acids; EPA: Eicosapentaenoic acid; DHA: Docosahexae‑
noic aci; IPA: Icosapent ethyl; PRISMA: Preferred reporting items for systematic 
reviews and meta-analyses; BMI: Body mass index; RevMan: Review manager; 
ITT: Intention to treat; IL-6: Interleukin-6; TNF-α: Tumor necrosis factor- α; BUN: 
Blood urea nitrogen; Cr: Creatinine; K levels: Potassium levels; PH: Potential of 
hydrogen; HCO3: Bicarbonate; ICU: Intensive care unit; GLA: Gamma linolenic 
acid.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12967-​022-​03604-3.

Additional file 1: PRISMA Checklist.

Additional file 2: Search strategy.

Acknowledgements
None.

Author contributions
Amira Mohamed Taha led the team, formulated the search strategy and per‑
formed data collection, solved any conflict in the screening process and the 
quality assessment, performed the meta-analysis, and participated in writing 
the manuscript. Khaled Abouelmagd and Ahmed Shehata Shaarawy took part 
in the screening process, data extraction, and manuscript writing. Mohamed 
Mosad Omar and Hala Mahmoud Ahmed took part in the screening process, 
quality assessment, and manuscript writing. Mais Alhashemi and Noran 
Magdy Shalma took part in the screening process and writing the manuscript. 
Ahmed Hafez Allam revised and edited the whole manuscript. Mohamed 
Abd-ElGawad supervised the authors in all steps and performed peer-review.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). No funding to report.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article or the data repositories listed in References.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

https://doi.org/10.1186/s12967-022-03604-3
https://doi.org/10.1186/s12967-022-03604-3


Page 9 of 9Taha et al. Journal of Translational Medicine          (2022) 20:401 	

Competing interests
All the authors declare no conflict of interest.

Author details
1 Faculty of Medicine, Fayoum University, Postal address; Bank street, Talat, 
Fayoum 63622, Egypt. 2 Faculty of Medicine, Al-Azhar University, Cairo, Egypt. 
3 Kasr Alainy School of Medicine, Cairo University, Cairo, Egypt. 4 Cardiology 
Department, Al-Azhar University, New Damietta, Egypt. 5 Faculty of Medicine, 
Tanta University, Tanta, Egypt. 6 Faculty of Medicine, University of Aleppo, 
Aleppo, Syria. 7 Faculty of Medicine, Zagazig University, Sharkia, Egypt. 8 Faculty 
of Medicine, Menoufia University, Shebin El‑Kom, Menoufia, Egypt. 9 Faculty 
of Medicine, Fayoum University, Fayoum, Egypt. 

Received: 20 June 2022   Accepted: 19 August 2022

References
	1.	 Hollenberg MD, Epstein M. The innate immune response, microenvi‑

ronment proteinases, and the COVID-19 pandemic: pathophysiologic 
mechanisms and emerging therapeutic targets. Kidney Int Suppl. 
2022;12(1):48–62.

	2.	 Kurpad AV. The requirements of protein & amino acid during acute & 
chronic infections. Indian J Med Res. 2006;124(2):129–48.

	3.	 Huang C, et al. Clinical features of patients infected with 2019 novel 
coronavirus in Wuhan China. Lancet. 2020;395(10223):497–506.

	4.	 Zhong J, et al. The immunology of COVID-19: is immune modulation an 
option for treatment? Lancet Rheumatol. 2020;2(7):e428–36.

	5.	 BourBour F, et al. Nutrients in prevention, treatment, and management of 
viral infections; special focus on Coronavirus. Arch Physiol Biochem. 2020. 
https://​doi.​org/​10.​1080/​13813​455.​2020.​17911​88.

	6.	 Zhang L, Liu Y. Potential interventions for novel coronavirus in China: A 
systematic review. J Med Virol. 2020;92(5):479–90.

	7.	 Pedrosa LFC, Barros A, Leite-Lais L. Nutritional risk of vitamin D, vitamin C, 
zinc, and selenium deficiency on risk and clinical outcomes of COVID-19: 
a narrative review. Clin Nutr ESPEN. 2022;47:9–27.

	8.	 Bhatt DL, et al. Effects of icosapent ethyl on total ischemic events: from 
REDUCE-IT. J Am Coll Cardiol. 2019;73(22):2791–802.

	9.	 Horby P, et al. Dexamethasone in hospitalized patients with covid-19. N 
Engl J Med. 2021;384(8):693–704.

	10.	 Grau-Carmona T, et al. Effect of an enteral diet enriched with eicosapen‑
taenoic acid, gamma-linolenic acid and anti-oxidants on the outcome 
of mechanically ventilated, critically ill, septic patients. Clin Nutr. 
2011;30(5):578–84.

	11.	 Stapleton RD, Martin JM, Mayer K. Fish oil in critical illness: mechanisms 
and clinical applications. Crit Care Clin. 2010;26(3):501–14.

	12.	 Sumaily KM. The roles and pathogenesis mechanisms of a number of 
micronutrients in the prevention and/or treatment of chronic hepatitis, 
COVID-19 and type-2 diabetes mellitus. Nutrients. 2022;14(13):2632.

	13.	 Zhou S, et al. Micronutrient level is negatively correlated with the 
neutrophil-lymphocyte ratio in patients with severe COVID-19. Int J Clin 
Pract. 2022;2022:6498794.

	14.	 Heller R, et al. Prediction of survival odds in COVID-19 by Zinc, age and 
selenoprotein p as composite biomarker. Redox Biol. 2020;38:101764.

	15.	 Kitabayashi C, et al. Zinc suppresses Th17 development via inhibition of 
STAT3 activation. Int Immunol. 2010;22(5):375–86.

	16.	 Zhang J, et al. Association between regional selenium status and 
reported outcome of COVID-19 cases in China. Am J Clin Nutr. 
2020;111(6):1297–9.

	17.	 Notz Q, et al. Clinical significance of micronutrient supplementa‑
tion in critically ill covid-19 patients with severe ARDS. Nutrients. 
2021;13(6):2113.

	18.	 Martindale R, et al. Nutrition therapy in critically Ill patients with coronavi‑
rus disease 2019. JPEN J Parenter Enteral Nutr. 2020;44(7):1174–84.

	19.	 Barazzoni R, et al. ESPEN expert statements and practical guidance for 
nutritional management of individuals with SARS-CoV-2 infection. Clin 
Nutr. 2020;39(6):1631–8.

	20.	 Calder PC. Omega-3 fatty acids and inflammatory processes. Nutrients. 
2010;2(3):355–74.

	21.	 Bordi L, et al. Differential diagnosis of illness in patients under investiga‑
tion for the novel coronavirus (SARS-CoV-2), Italy, february 2020. Euro 
Surveill. 2020. https://​doi.​org/​10.​2807/​1560-​7917.​ES.​2020.​25.8.​20001​70.

	22.	 Isidori AM, et al. Targeting the NO-cGMP-PDE5 pathway in COVID-19 
infection the dedalo project. Andrology. 2021;9(1):33–8.

	23.	 Santi D, et al. Therapy of endocrine disease Effects of chronic use of 
phosphodiesterase inhibitors on endothelial markers in type 2 diabetes 
mellitus: a meta-analysis. Eur J Endocrinol. 2015;172(3):R103-14.

	24.	 Calder PC. Polyunsaturated fatty acids and inflammation. Biochem Soc 
Trans. 2005;33(Pt 2):423–7.

	25.	 Ibrahim ES. Enteral nutrition with omega-3 fatty acids in critically ill 
septic patients: a randomized double-blinded study. Saudi J Anaesth. 
2018;12(4):529–34.

	26.	 Doaei S, et al. The effect of omega-3 fatty acid supplementation on clini‑
cal and biochemical parameters of critically ill patients with COVID-19: a 
randomized clinical trial. J Transl Med. 2021;19(1):128.

	27.	 Liberati A, et al. The PRISMA statement for reporting systematic reviews 
and meta-analyses of studies that evaluate healthcare interventions: 
explanation and elaboration. BMJ. 2009;339:b2700.

	28.	 Sterne JAC, et al. RoB 2: a revised tool for assessing risk of bias in ran‑
domised trials. BMJ. 2019;366:l4898.

	29.	 McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an R pack‑
age and Shiny web app for visualizing risk-of-bias assessments. Res Syn 
Methods. 2020;12(1):55.

	30.	 Deeks JJ, H.J., Altman DG (editors). Chapter 10: Analysing data and under‑
taking meta-analyses. Cochrane handbook for systematic reviews of 
interventions version 6.3 (updated Feb 2022) 2022: https://​train​ing.​cochr​
ane.​org/​handb​ook/​curre​nt/​chapt​er-​10#​secti​on-​10-​10-2.

	31.	 Kosmopoulos A, et al. A randomized trial of icosapent ethyl in ambula‑
tory patients with COVID-19. Science. 2021;24(9):103040.

	32.	 Pimentel RFW, et al. Effect of immunonutrition on serum levels of C-reac‑
tive protein and lymphocytes in patients with COVID-19: a randomized, 
controlled, double-blind clinical trial. Nutr Hosp. 2022;39(1):20–6.

	33.	 Sedighiyan M, et al. Omega-3 polyunsaturated fatty acids supplementa‑
tion improve clinical symptoms in patients with covid-19: a randomised 
clinical trial. Int J Clin Pract. 2021;75(12):e14854.

	34.	 Hosny M, et al. Impact of oral omega-3 fatty acids supplementation in 
early sepsis on clinical outcome and immunomodulation. Egyptian J 
Critic Care Med. 2013;1(3):119–26.

	35.	 Souza DR, et al. Fish oil reduces subclinical inflammation, insulin resist‑
ance, and atherogenic factors in overweight/obese type 2 diabetes 
mellitus patients: a pre-post pilot study. J Diabetes Complications. 
2020;34(5):107553.

	36.	 Warusevitane A, et al. Early diagnosis of pneumonia in severe stroke: 
clinical features and the diagnostic role of C-reactive protein. PLoS ONE. 
2016;11(3):e0150269.

	37.	 Liu F, et al. Prognostic value of interleukin-6, C-reactive protein, and 
procalcitonin in patients with COVID-19. J Clin Virol. 2020;127:104370.

	38.	 Meduri GU. Host defense response and outcome in ARDS. Chest. 
1997;112(5):1154–8.

	39.	 Wong CK, et al. Plasma inflammatory cytokines and chemokines in severe 
acute respiratory syndrome. Clin Exp Immunol. 2004;136(1):95–103.

	40.	 Zhao Y, Wang C. Effect of ω-3 polyunsaturated fatty acid-supplemented 
parenteral nutrition on inflammatory and immune function in postop‑
erative patients with gastrointestinal malignancy: a meta-analysis of 
randomized control trials in China. Medicine. 2018;97(16):e0472.

	41.	 Pontes-Arruda A, et al. The use of an inflammation-modulating diet 
in patients with acute lung injury or acute respiratory distress syn‑
drome: a meta-analysis of outcome data. JPEN J Parenter Enteral Nutr. 
2008;32(6):596–605.

	42.	 Langlois PL, et al. Omega-3 polyunsaturated fatty acids in critically ill 
patients with acute respiratory distress syndrome: a systematic review 
and meta-analysis. Nutrition. 2019;61:84–92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1080/13813455.2020.1791188
https://doi.org/10.2807/1560-7917.ES.2020.25.8.2000170
https://training.cochrane.org/handbook/current/chapter-10#section-10-10-2
https://training.cochrane.org/handbook/current/chapter-10#section-10-10-2

	Effect of Omega-3 fatty acids supplementation on serum level of C-reactive protein in patients with COVID-19: a systematic review and meta-analysis of randomized controlled trials
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Inclusion and exclusion criteria
	Literature search
	Study selection
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Search results
	Characteristics of the included studies
	Quality assessment results
	Outcomes
	CRP serum levels
	CRP changes from baseline


	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References




