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Storm after Omega-3 daily supplements: A Randomized Clinical 
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Abu Khadra, Maha Habash, Ahmad Aljaberi, Luai Hasoun, Mahmoud S. Abu-Samak

Abstract
The aim of this study was to investigate the effects of supplementing unsaturated free fatty acids (n-3FA) on the levels of specific cytokines associated 
with cytokine storm in the blood of 72 Jordanian individuals (both men and women) who had insufficient vitamin D. The study was conducted using a 
randomized controlled design (RCT). Individuals eligible for the study were randomly assigned to either the n-3FA supplemented (intervention) group 
or the non-supplemented (control) group. The intervention group received 1,000 mg of wild salmon and fish oil complex, which is equivalent to 300 mg 
of n-3FA, for a duration of eight weeks, while the control group did not. Blood tests to assess tumor necrosis factor-α (TNF-α), lipid profile, and fasting 
blood sugar were conducted at baseline and after ten weeks (with a two-week washout period). Additionally, interleukin-6 (IL-6), interleukin-1β (IL-1β), 
and interleukin-10 (IL-10) levels were measured. Our research indicates that taking n-3FA supplements significantly raised IL-1 β, IL-6, and IL-10 levels 
compared to their initial levels. However, TNF-α levels did not show any significant changes. The interesting results of this randomized controlled trial could 
be due to a possible harmful effect of n-3FA supplementation during cytokine storms (CS), specifically on IL-6. Therefore, additional clinical studies are 
needed in the target patients during cytokine storm to determine if this supplement could affect the treatment with IL-6 antagonists..
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INTRODUCTION
Coronavirus 2 (SARS-CoV-2) is responsible for the severe 
acute respiratory syndrome (SARS-CoV-19) pandemic viral 
pneumonia. It has been noted that cytokine storm (CS) and its 
severe repercussions from infection significantly accompany 
high blood levels of certain cytokines found during COVID-19.1 
Accordingly, CS has been listed as one of the main COVID-19 
hallmarks.2 Besides interleukin-6 (IL-6), many other cytokines, 
such as interleukin- 1β, IL-10, and TNF-α changes, were 
monitored during CS.3

Due to their high effectiveness, some supplements such as 
omega-3 (n-3FA) and vitamin D (VD) are recommended to be 
accompanied by therapeutic protocols that aim to block IL-6 
receptors and suppress cytokine storm.4,5

The association between immune responses, including SARS-
2 and (n-3FA), has been reported in some previous clinical 
trials.6,7 A review of seven RCTs has concluded that routine 
use of enteral supplementation of n-3FA, both EPA and DHA, 
may reduce the release of inflammatory cytokines.8DHA pre-
supplementation dramatically reduced IL-6 release.9 These 
n-3FAs directly or indirectly inhibit nuclear transcription 
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factor activity and decrease the generation of pro-
inflammatory cytokines and enzymes, such as TNF-α and 
interleukin IL-1β.10

A high-dose (1.5 g/day EPA and 1.0 g/day DHA) n-3FA 
supplementation can lower plasma levels of both IL-6 and IL-
1β, according to an RCT. This RCT was conducted to evaluate 
the positive impact of EPA and DHA supplementation in the 
treatment of SARS-2 infection. N-3FA supplements have 
subsequently been proposed as a supportive treatment and 
a technique for preventing SARS-2 infection lately.9

However, other studies, particularly in those with VDD, have 
not supported the n-3FA’s recommended impact on immune 
response, including IL-1β, IL-6, and TNF-α levels.11

Conversely, VD has been shown to modulate immune responses 
and may moderate the CS induced by the innate immune 
system.12 Conversely, Bader et al.13 have shown a significant 
positive association between serum levels of 25OHD and IL-6 
in Jordanian people with VDD.4 Al-Shaer et al.14 observed that 
n-3FA supplementation alone without a co-supplementation 
with VD3 significantly reduced 25OHD levels in Jordanian 
people with VDD.15

In this manner, negative correlations between mean levels 
of 25OHD and the incidence of Covid-19 were recorded.16-18 
Although n-3FA supplements are recommended as both 
a supportive therapy and a prevention strategy for SARS-2 
infection,9 some reports have not endorsed the prescribed 
effect of the n-3FA on the immune response, including IL-
1β, IL-6, IL-10, and TNF-α levels and particularly in people 
with VDD.11 Therefore, the potential adverse effects of n-3FA 
supplementation on 25OHD levels may be opposite to the 
goal of VD as both a supportive therapy and a prevention 
strategy. Therefore, the potential adverse effects of n-3FA 
supplementation on 25OHD levels may oppose the goal of 
VD as both a prevention strategy and supportive therapy, 
specifically in people with low 25OHD levels.11

Dietary n-3FA at a dose of 1 g per day is common in Jordan5,14 
and among people who are susceptible to cardiovascular 
disease (CVD).19 But high or/and extensive doses of n-3FA have 
been shown to have provocative potential consequences on 
both pro- and anti-inflammatory immune responses.20

However, there are diverse mechanisms by which n-3FA 
might be involved in immune response alterations,21 and 
still unclear. Overall, published RTCs, designed to assess the 
effects of n-3FA supplements on the cytokines involved in the 
immune response during cytokine storm have not provided 
a clear conclusion. Therefore, this RCT was designed to 
measure serum levels of IL-1β, IL-6, IL10, and TNF-α as a part 
of the immune response during cytokines storm before and 
after eight weeks of treatment with a dose of n-3FA 300 mg 
per day in people with VDD.

RESEARCH METHODOLOGY
Study design and Participant 

The Applied Science Private University (ASU) Institutional 

Review Board gave its approval to the present RCT, which is 
listed at clinicaltrials.gov with the identifier NCT04483271.

The trial was undertaken between September 2020 and January 
2021 following the Helsinki Declaration. Participants were 
Jordanian from ASU society (academic staff and administrative 
employees) with a baseline mean age of 38.5 ±12.3 years 
(ranging from 27 to 52).

Based on a determination of VDD (25-hydroxyvitamin D 
(25OHD) < 30 ng/ml) validated by medical advisors at Ibn Al-
Haytham clinical labs, eligible individuals were enrolled in the 
experiment.

Before enrolling in this RCT, each participant was allowed to 
give their written approval. Among the reasons for being 
excluded from the present research were chronic medical 
diseases, including cancer, osteoporosis, endocrine disorders, 
and previous experiences of allergic reactions to omega 
supplements. Those who met the trial’s eligibility requirements 
had their VDD diagnosis validated by physicians at the Ibn Al-
Haytham clinical laboratory before admission.

Intervention

Anthropometric and clinical parameters have been evaluated 
at the beginning and after n-3FA administration. Participants 
had a 2-week washout before and after n-3FA treatment to 
prevent any potential effects of its cumulative dosage after the 
8-week interventional phase.

Then, follow-up measures for every subject were taken. A 
separate statistician created an automated randomization 
procedure. It consisted of two groups made up of one hundred 
and two (102) qualified individuals’ total. Group 1 got 1,000 
mg of wild salmon and fish oil complex per day for eight 
weeks, which is comparable to 300 mg of n-3FA (180 mg of 
eicosapentaenoic acid (EPA) and 120 mg of docosahexaenoic 
acid (DHA), Jamieson Laboratories, Canada N8W 585). Group 
2 participants received no n-3FA or other omega supplements 
and served as the control group, as indicated in the consortium 
chart (Figure 1). Periodic texts sent to each participant’s phone 
were used to track how well they followed the therapy plan.

Anthropometric measurements and Clinical Parameter Assays

Anthropometric measures such as body mass index (BMI), 
body weight (BW), hip (H) circumference, waist/hip ratio 
(WHR), height (Ht), and waist (W) circumference were taken at 
the beginning and conclusion of the experiment.

At Ibn Al-Haytham Hospital’s Clinical Laboratories Department 
in Jordan, serum samples for clinical parameter assays were 
gathered and placed in labeled Eppendorf tubes. The total 
serum 25OHD was determined by the chemiluminescence 
immunoassay LIAISON 25OHD test (DiaSorin, Saluggia, Italy). 
The test quantifies serum 25OHD, which also measures 25OHD2 
and 25OHD3. It could not get below 4 ng/mL. Leptin EIA-5302, 
manufactured by DRG Diagnostics in Marburg, Germany, was 
used to detect blood leptin levels. The test has a sensitivity of 
0.1 ng/mL.

An enzyme immunoassay kit (PTH Intact EIA-3645, DRG 
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Diagnostics, Marburg, Germany) was used to measure serum 
PTH levels; 1.57 pg/mL was the sensitivity.

Calcium and phosphorus (PO4) levels in serum were 
determined using the calcium-ARSENAZO test (M11570i-15) 
and the phosphorus phosphomolybdate/Uv kit (M11508i-18, 
BioSystems, Barcelona, Spain). Utilising the Human ELISA KIT 
(ab178013, Abcam, Newark, NJ, USA), the level of IL-6 in the 
serum was determined.

Serum IL-10 was tested using a Human ELISA Kit (ab185986, 
Abcam). A human ELISA KIT (ab214025, Abcam) was used to 
measure serum IL-1β. The Human ELISA KIT (ab181421, Abcam) 
test also evaluated blood TNF-α.

Using enzymatic kits from HumaStar 200 - Human Diagnostics, 
Germany, serum levels of fasting blood glucose (FBG), total 
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), 
triglycerides (TG), and high-density lipoprotein cholesterol 
(HDL-C) were measured.

Alanine Aminotransferase (ALT) and Aspartate Aminotransferase 
(AST) levels were determined using BioSystems kits (M21533i-03 
and M11531i-23, respectively). Using specialised BioSystems 
kits (M12502i-19 and M11536i-17), serum creatinine and urea 
levels were evaluated.

Statistical Analysis

The statistical analysis was conducted using the latest version of 
SPSS 26 for Windows. To find any notable differences between 
each study group before and following the administration of 
the n-3FA supplementation, a paired t-test was carried out.

The significance of any variance between all items of the 

two different groups (control, n-3FA) was assessed by two 
independent sample t-tests.

The correlation analysis method compared TNF-α, IL-1β, IL-6, 
and IL-10 plasma levels and their ratios (TNF-α/IL-10, IL-1β /
IL-10, and IL-6/IL-10).

The impact of n-3FA intake on the variables (TNF-α/IL-10, IL-
1β/IL-10, IL-6/IL-10, ratio (TNF-α/IL-10), and IL-6/IL-10) was 
examined using simple linear regression. At the follow-up 
level for the (D) group, a multiple linear regression analysis 
identified the predictors of the items (TNF-α, IL-1β, IL-6, IL-10, 
ratio (TNF-α/IL-10), IL-1β, and IL-6/IL-10).

The Kolmogorov-Smirnov test evaluated the normality of 
distribution for laboratory measurements. The data showed a 
conventional distribution curve.

RESULTS
Baseline anthropometric characteristics of the Participants

Seventy-two (72, 70.58 %) out of One hundred two (102) 
participants adhered to the protocol and completed the ten 
weeks whole trial and an eight-week intervention regimen 
time, as shown in Figure 1. Twenty-seven (27) individuals left 
the study early because of non-compliance (10), failing to meet 
the criteria for eligibility (8), and quitting the treatment group 
(n = 4) and the control group (n=5).

As demonstrated in Table 1, the mean initial BMI for all 
individuals was 28.53±5.99 kg/m2, indicating that the study 
group being studied was overweight. Around half (44%) of the 
group studied was female, as seen in Table 1. The initial chosen 

 Figure 1. CONSORT flow diagram for the study, indicating the number of subjects screened, recruited, 
and randomly assigned to the different intervention groups.
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Changes in cytokines levels

The mean levels of IL-1β, IL-6, and IL-10 were significantly 
different after  the study completion, as shown in Table 4, 
according to a paired t-test. In the n-3FA group, the mean IL-1β 
level decreased extensively with a reduction of about -3.37ng/
ml (7.29±1.87 ng/ml vs 3.92±2.79 ng/ml, PA= 0.001).

The study utilized a statistically independent t-test to establish 
whether there was a notable variation in the mean levels of IL-
1β between the n-3FA group and the control group. The results 
showed that the n-3FA group had higher levels of IL-1β (7.29 ± 
1.87 ng/ml) than the control group (5.86 ± 3.87 ng/ml), with a 
significant p-value of less than 0.001.

In the group that consumed n-3FA, there was a notable contrast 
between the average IL-6 levels before and after (22.67±12.24 
ng/ml compared to 3.57±2.93 ng/ml, p<0.001).

Table 3 shows that there were no notable differences in the 
average IL-6 levels between the n-3FA and control groups 
at the beginning and end of the study, as confirmed by the 
independent t-test. However, the mean IL-10 levels were 
significantly higher in the n-3FA group at the 10-week follow-
up, with a difference of around 0.76 ng/ml (2.70±1.69 ng/ml 
compared to 1.95±0.63 ng/ml in the control group, with a PA-
value of 0.019).

In the group that consumed n-3FA, IL-10 levels were found to 
be significantly higher compared to the control group, with 
a P-value of PC 0.017. The IL-10 levels were 2.70±1.69 ng/ml 
in the control group and 3.73±1.80 ng/ml in the n-3FA group. 
Additionally, the recent RCT showed a minimal increase in the 
average TNF-α during follow-up (PA = 0.989).

potential anthropometric and lifestyle parameters are listed 
in Table 1. And initial levels of selected cytokines and clinical 
parameters are also provided in Table 2.

Table 1. Statistical description of anthropometric parameters at baseline (n 
= 72)

Parameter Mean (SD)

Age (years) 38.23 ± 9.58

Body weight (kg) 82.29 ± 18.63

Hight (cm) 197.28 ± 8.03

Body mass Index (kg/m2) 28.53 ± 5.99 

Waist (cm) 96.52 ± 16.04

Table 2. Baseline Levels of selected cytokines and clinical parameters in the 
entire clinical trial population (n = 72)

Parameter Mean ± SD Normal range

25OHD 22.49±6.46 30-70 ng/ml

IL-1β (ng/ml) 31.16±4.89 N/A

IL-6 (ng/ml) 3.49±2.25 N/A

IL-10 (ng/ml) 4.15±2.78 N/A

TNF-α (ng/ml) 2.06±0.56 N/A

TNF-α/IL-1β0 1770.42±1083.89 N/A

IL-1β/IL-6 197.53±175.80 N/A

IL-6/IL-1β0 204.77±129.73 N/A

FBG (mg/dl) 84.18±18.53 70-110

TG (mg/dl) 134.38±81.63 Up to 150

TC (mg/dl) 138.22±65.09 Up to 200

HDL (mg/dl) 35.12±12.96 > 60

LDL (mg/dl) 96.18±32.40 Up to 100

ABBREVIATIONS: N/A: not applicable; TNF-α, Tumor Necrosis Factor; IL-1β: 
interleukin 1beta; IL-6: Interleukin 6; IL-10 Interlukin10; FBG, fasting blood 
glucose, TG: Triglyceride; TC: total cholesterol; HDL: high-density protein; LDL: 
low-density protein; SD: standard deviation.

Baseline Clinical Characteristics

Table 2 lists the mean initial values for the ratios of the serum 
concentrations of IL-1β, IL-6, IL-10, and TNF-α. Fasting blood 
glucose (FBG) and serum lipid profile measurements were all 
within normal limits at baseline for all individuals.

Changes in 25OHD and PTH levels

The follow-up means of the 25OHD levels among the 
participants of the n-3FA group were significantly different, 
according to paired samples T-test (24.52±4.91 ng/ml vs. 
15.75±6.39 ng/ml, PA= 0.001). Independent sample T-tests 
were used to establish any noteworthy discrepancies in PTH 
levels and 25OHD between the control and n-3FA groups. 
In the follow-up period, no significant variations in serum 
25OHD and serum PTH levels between the control and n-3FA 
groups were seen (18.61±7.75 ng/ml vs 15.75±6.39 ng/ml and 
33.35±10.64 ng/ml vs 30.05±11.57 ng/ml, PC = 0.244 and PC= 
0.226, respectively, as shown in Table 3).

Table 3. Changes in the serum levels of 25OHD and PTH after 10 weeks 
follow up

Group

Variable
C n-3FA

Mean ± SD Mean ± SD P-value

25OHD

Baseline 20.15±7.28 24.52±4.91 PB = 0.054

Follow up 18.61±7.75 15.75±6.39 PC = 0.244

Change -1.54 -8.77

PA 0.054 < 0.001

PTH

Baseline 34.68± 8.22 29.22±7.43 PB = 0.057

Follow up 33.35±10.64 30.05±11.57 PC = 0.226

Change -1.33 0.84

PA 0.506 0.656

Abbreviations: Note PA: P-value; follow-up changes in each group (paired 
t-test); PB: P-value for baseline comparison between groups (Independent-
test) PC: P-value for follow-up comparison (Independent-test), C: control 
group; n-3FA: n-3FA supplementation group; 25OHD: vitamin D level. 
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Changes in the serum levels of cytokines ratios

Based on the data in Table 5, it was found that the follow-up 
IL-6/IL-10 ratio in n-3FA was markedly higher than the baseline 
values (1022.94±762.89 ng/ml vs 191.50±148.77 ng/ml, with a 
p-value of less than .001).

The results of an independent t-test showed that the group 
taking n-3FA had a significantly higher mean IL-6/IL-10 ratio 
than the control group, with values of 1022.94±762.89 and 
174.40±141.84 respectively, and a PC value of >0.001. There 
were no significant differences between the mean IL-1β /IL-10 
or TNF-α/IL-10 values across both groups (349.28±193.41 ng/
ml vs 244.19±221.93 ng/ml, PA = 0.062) or (1522.60±797.49 
ng/ml vs 2016.19±1358.52 ng/ml, PA = 0.077).

The group that received n-3FA supplements had a noticeable 
alteration in their serum levels of IL-1β, IL-6, and IL-10 between 
the initial test and the follow-up (with a P-value of 0.05). 
However, the baseline and follow-up levels of IL-1β, IL-6, and 
IL-10 in the C group did not indicate any significant changes 
(with a P-value greater than 0.05). As per Table 5, there were 
no significant differences in the blood TNF-α levels between 
the n-3FA and C groups between the initial test and the follow-
up (with a P-value greater than 0.05).

Stepwise Regression Analysis

Tables 5 and 6 hold valuable information regarding the impact 
of certain variables (IDVs) on cytokine levels and ratios in the 
blood, particularly in relation to CS. Our multivariate stepwise 
regression analysis has revealed significant findings in this area. 
In addition, we have also studied the effects of taking 1,000 
mg of n-3FA daily for eight weeks. Our investigation has shown 
that IL-10 and waist circumference have a direct impact on 
IL-6 levels with an R value of 0.678, R2 value of 0.459 and a 
p-value of 0.001. These findings are conclusive and should not 
be overlooked.

Table 4. Changes in the serum levels of cytokines

Cytokine Change
Group

p-valueControl
Mean (SD)

n-3FAs
Mean (SD)

IL-1β

Baseline 2.98±1.25 3.92±2.79 PB=0.081

Follow up 5.86±3.87 7.29±1.87 PC=0.048

Change 2.88 3.37

PA .065 <.001

IL-6

Baseline 4.82± 2.47 3.57±2.93 PB=0.063

Follow up 5.12±4.93 22.67±12.24 PC>0.001

Change 0.29 19.10

PA .752 <.001

IL-10

Baseline 2.19±0.43 1.95±0.63 PB=0.067

Follow up 3.73 ±1.80 2.70±1.69 PC=0.017

Change 1.54 0.76

PA .061 .019

TNF-α

Baseline 30.75±5.22 31.52±4.63 PB=0.516

Follow up 37.7 ±12.73 32.54±5.91 PC=0.010

Change 6.95 1.02

PA .053 .989

Note PA: P-value; follow-up changes in each group (paired t-test); PB: P-value 
for baseline comparison between groups (Independent-t test) PC: P-value for 
follow-up comparison (Independent-test).
Abbreviations: C, control group; n-3FA, n-3FA supplementation group; TNF-α, 
Tumor Necrosis Factor; IL-1β: interleukin-1 beta; IL-6: Interleukin 6; IL-10 
Interlukin

Table 5. Changes in the serum levels of pro to anti-inflammatory cytokines ratios

Cytokine Change
Group

p-value
Control Mean (SD) n-3FAs Mean (SD)

IL-6/IL-10

Baseline 220.13± 103.73 191.50±148.77 PB=0.365

Follow up 174.40±141.84 1022.94±762.89 PC>0.001

Change -45.72 831.44

PA 1.28 <.0.001

IL-1β/IL-10

Baseline 143.59±70.69 244.19±221.93 PB=0.233

Follow up 206.43±205.92 349.28±193.41 PC=0.004

Change 62.84 105.09

PA -1.79 .062

TNF-α/IL-10

Baseline 1486.24±527.55 2016.19±1358.5 PB=0.052

Follow up 1293.55 ±812.24 1522.60±797.49 PC=0.242

Change -192.69 -493.60

PA 1.58 .077

Note PA: P-value; follow-up changes in each group (paired t-test); PB: P-value for baseline comparison between groups 
(Independent-t test) PC: P-value for follow-up comparison (Independent-test).
Abbreviations: C, control group; n-3FA, n-3FA supplemented group; IL-6/IL-10, Tumor necrosis factor to interleukin- 6 ratio; IL-
1β/IL-10, interlukin-1beta to interlukin-10 ratio, TNF-α/IL-10, tumor necrosis factor to interlukin-10 ratio.
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Changes in TNF-α levels are affected by Gender, LDL, WHR, and 
the IL-1β /IL-10 ratio. This is indicated by a correlation of R = 
0.758, R2 = 0.536, and a p-value of less than 0.001. Meanwhile, 
Age, gender, and waist circumference all play a significant role 
in changes in IL-10 level values in the n-3FA interventional 
group. The correlation is also R = 0.758, R2 = 0.536, and the 
p-value is less than 0.001. Lastly, only the height of the body 
component is chosen by the stepwise regression model among 
all IVDs that have a relation to changes in serum IL-1β levels. 
This is shown Table 5 with a correlation of R = 0.448, R2 = 0.201, 
and a p-value of 0.005.

During the investigation, it was found that various factors 
known as IDVs had a significant impact on the levels of serum 
IL-6/IL-10 ratio. In the group that was given n-3FA, it was 
observed that the follow-up levels of IL-6/IL-10 were closely 
related to follow-up levels of WHR, TNF-α, and FBG (r=0.762). 
Predictors such as gender, WHR, TNF-α, and GBG accounted 
for approximately 60% of the variation. The IDVs that played a 
crucial role in mediating the effect of n-3FA supplementation 
on serum levels of IL-1β/IL-10 ratio and IL-1β levels were hip 
circumference, TNF-α, Age, WHR, gender, and BMI.

The study found that six specific parameters, which had 
a strong correlation (r=0.891), were responsible for more 
than 80% of the variation in the IL-1/IL-10 ratio during the 
follow-up period. Even after accounting for confounding 
variables, the researchers identified certain factors, including 
hip circumference, age, WHR, gender, and BM, as significant 
independent predictors for the TNF-α/IL-10 ratio. These 
predictors, shown in Table 6, accounted for approximately 80% 
of the variation in serum TNF-α/IL-10 ratio levels throughout 
the study in the group that received n-3FA supplementation. 
The study listed all the variables chosen by stepwise regression 
at trial follow-up for the n-3FA study group.

DISCUSSION
The study aimed to explore the impact of taking n-3FA 
supplements (1000 mg daily for eight weeks) on the levels 
of specific cytokines (IL-1β, TNF-α, IL-6, and IL-10) in adults 
with VDD. The study’s primary outcome revealed a significant 
increase (P<0.001) in the levels of pro-inflammatory cytokines 
IL-6 and IL-1β, as well as the anti-inflammatory cytokine IL-10 
(P=0.019) after ten weeks of follow-up due to substantial n-3FA 
supplementation.

A significant rise in IL-6 levels, which is a major signal of 
cytokine storm,13 was observed when taking 1 g n-3FA (120 mg 
EPA + 180 mg DHA) daily. This dosage could activate both pro- 
and anti-inflammatory immune responses, as previous studies 
have shown.20,22,23

Research by Rutting S et al.24 has shown that PUFAs can raise 
IL-6 levels in primary pulmonary fibroblasts. Similarly, Kiecolt-
Glaser et al.25 found that n-3 FA supplementation increased 
IL-6 blood levels in young men. Additionally, Grimble et al.26 
reported that children who were given 300 mg/day of n-3 PUFA 
for 12 weeks experienced an increase in pro-inflammatory 
cytokines (IL-6, IL-1β, TNF-α), and the anti-inflammatory 
cytokines (IL-10).

In a study conducted in 2002,22 rats with experimental acute 
pancreatitis who were treated with n-3FA showed an increase 
in their blood IL-10 levels. Similarly, in a study conducted in 
2016.27 Diabetic males who consumed 3 g/day of n-3FA for 
eight weeks experienced a significant increase in the ratio of 
IL-6 to IL-10,28 which is comparable to our findings.

Despite several additional RCTs,21,29,30 there is insufficient 
evidence to support the potential immunosuppressive impact 
of n-3FA supplementation.

Table 6. Significant correlations of cytokine levels with trial variables at follow-up in n-3FA study group 

Dependent variable Univariate effect estimate
Coefficient

B F r r2 P-value

IL-6

IL10 3.872 13.902 0.533 0.284 < 0.001

Waist -0.270 14.425 0.678 0.459 < 0.001

TNF-α

Gender -6.142 11.876 0.503 .253 < 0.001

LDL 0.093 15.091 0.686 .470 < 0.001

WHR 0.313 15.349 0.763 .583 < 0.001

IL-1β/IL-10 0.149 19.322 0.798 .637 < 0.001

IL-10

Age 0.098 15.120 0.549 0.282 < 0.001

Waist -0.046 17.391 0.711 0.477 < 0.001

Gender -1.220 14.843 0.758 0.536 < 0.001

IL-1β

Height 0.117 8.805 0.448 0.201 0.005

25OHD 0.100 7.626 0.556 0.310 0.002

Abbreviations: TNF-α, Tumor Necrosis Factor; IL-1β: interleukin-1 beta; IL-6: Interleukin 6; IL-10 Interlukin10; (TNF/IL-10): Ratio TNF to IL10; WHR: waist to 
Hip ratio; BMI: body mass index; FBG: fasting blood glucose; LDL: low density lipoprotein.
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and age, BMI, and body fat indicators. The current study’s 
sample included these variables, and stepwise regression 
analysis revealed their significant role in the relationship 
between 25OHD and IL-6 levels. Moreover, age and body 
weight independently affected the n-3FA effects, leading to 
significant increases in IL-6 and IL-10 correlations.

Our research has shown that there are various factors that 
can affect the impact of n-3FA on cytokines. However, we can 
confidently conclude that the baseline means levels of 25OHD 
hold the greatest significance, regardless of the subjects’ health 
status. This finding is without a doubt the most important 
takeaway from our research.

Based on the study conducted by Costenbader et al.30 taking 
1 g/day of n-3 FA did not lead to significant reductions in IL-6 
or levels in both men and women aged above 55 and below 
50 years after a year of therapy. Patients with polycystic 
ovarian syndrome also reported similar findings (Rahmani E., 
2017). Furthermore, research by Zhu Z. et al.44 and Al-Shaer 
et al.14 found that COVID-19 patients and individuals with VD 
deficiency respectively had higher BMI values.

Schmidt et al.45 conducted research that found higher levels of 
IL-6 and TNF-α in the blood of obese individuals compared to 
lean ones. It is worth noting that most of the participants in 
the current study were overweight and deficient in vitamin D 
at the beginning.

Research has shown that severe COVID-19 effects caused by CS 
can lead to a considerable increase in blood levels of IL-6, IL-1, 
and TNF-α.31 To reduce the risk of COVID-19-related negative 
effects, several papers have suggested the intake of n-3 fatty 
acids.32-34 For example, Asher et al.35 found that increased 
intake of omega-3 fatty acids could reduce the probability of 
dying from COVID-19 by 75%. The research team35 emphasized 
that it is not known what hospital treatment was given, and 
other circumstances may have impacted the outcome, making 
further research necessary.

The widespread use of n-3FA supplements36 has resulted 
in conflicting findings37 regarding their immunomodulatory 
effects. It is imperative to identify the parameters responsible for 
these discrepancies, while considering confounding variables. 
Only then can we hope to settle the debate surrounding the 
impact of these supplements on the immune system.

It has been found through a meta-analysis of previous n-3 
fatty acid supplementation studies38,39 that the benefits of 
marine n-3 fatty acids in reducing systemic inflammation 
are more pronounced in individuals who suffer from chronic 
inflammation and have utilized the supplement for an extended 
period.

The research conducted by Sindhu et al.40 Remla et al.41 El-
Mikkawy et al.42, and Mahase43 has established a strong 
association between elevated levels of IL-6 in the bloodstream 

Table 7. Significant correlations of cytokine levels ratios with trial variables at follow-up in n-3FA study group 

Dependent variable Univariate effect estimate
Coefficient

B F r r2 P-value

IL-6/IL-10

Gender 909.152 17.447 0.577 0.333 <0.001

WHR 37.071 13.479 0.665 0.442 <0.001

TNF-α -50.710 11.502 0.715 0.511 <0.001

FBG 8.709 11.050 0.762 0.580 <0.001

IL-1β/IL-10

Hip 6.289 7.655 0.424 0.179 0.009

TNF-α -15.079 10.0830 0.610 0.372 <0.001

Age -6.428 9.149 0.674 0.454 <0.001

WHR 7.864 10.558 0.754 0.569 <0.001

Gender 190.108 11.726 0.809 0.654 <0.001

BMI -32.634 19.362 0.891 0.795 <0.001

TNF-α/IL-10

Hip 33.178 14.560 0.542 0.294 0.001

Age -29.742 11.854 0.641 0.411 <0.001

WHR 28.770 11.302 0.712 0.507 <0.001

Gender 1234.125 22.186 0.857 0.735 <0.001

BMI -88.011 24.688 0.894 0.799 <0.001

25OHD -30.973 25.930 0.916 0.838 <0.001

Abbreviations: TNF-α, Tumor Necrosis Factor; IL-1β: interleukin 1β; IL-6: Interleukin 6; IL-10 Interlukin10; (TNF-α/IL-10): Ratio TNF-α to IL710;(IL-
1β/IL-10): Ratio IL-1β to IL-10; (IL-6/IL-10): Ratio IL-6 to IL-10; WHR: waist to Hip ratio; BMI: body mass index; FBG: fasting blood glucose
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According to numerous studies concerning vitamin D levels, 
there exists a negative correlation between lower levels of 
vitamin D and an increased chance of getting COVID-1917,46,47. 
This correlation may be attributed to the fact that a deficiency 
in vitamin D has been linked to a more intense cytokine storm.48 

A meta-analysis of 21 studies found that 25(OH)D3 has an 
opposing effect on pro-inflammatory cytokines such as IL-6.49 
Our own research has shown that n-3FA significantly reduces 
vitamin D deficiency, albeit with a concomitant increase in IL-6 
levels at the conclusion of the trial. 

Vitamin D is known to trigger the production of excessive pro-
inflammatory cytokines such as IL-6, TNF-α, and IL-1β. This 
leads to the cytokine storm and its associated complications. 
This fact has been suggested by Contreras-Bolívar et al.50

Research conducted by Hao et al.51 conclusively proves 
that individuals who consume n-3FA supplements exhibit 
a significant increase in IL-10 levels. Furthermore, Satoh-
Asahara’s study20 demonstrated that high purity EPA, a type 
of n-3FA, elevates IL-10 levels in monocytes present in the 
peripheral blood of obese individuals with dyslipidemia. It is 
worth noting that alongside gender, LDL is one of the most 
influential predictors that mediate the impact of n-3FA on IL-10 
levels.

Overall, the widespread effects of n-3FA supplements are 
complicated findings of the current trial, but they help interpret 

unexpected observed changes, particularly a significant 
increase in IL-6 levels. Furthermore, because healthcare 
providers and clinical trials widely use dietary VD3 supplements 
have given mixed results, as previously mentioned, public 
health must establish mechanisms that underlie their essential 
requirements. It is possible that the results of previous studies 
did not align with expectations due to the specific amounts and 
lengths of time that n-3FA supplements were administered. 
However, A larger sample size should theoretically lead to 
more representative results, but more funding resources 
could have achieved that goal. Overall, we hypothesize that 
daily supplementation of n-3FA may elevate serum cytokines 
associated with cytokine storm, in particularly IL-6, but larger 
RCTs are needed to prove these findings.

CONCLUSION
Our research findings demonstrate that the administration of 
n-3FA supplements significantly increased IL-1 β, IL-6, and IL-10 
levels compared to their baseline levels. TNF-α levels did not 
exhibit significant alterations.

The intriguing findings of this randomized controlled trial 
may be attributed to a potential adverse impact of n-3FA 
supplementation on IL-6 levels during cytokine storms. Further 
clinical studies are required to investigate the potential effects 
of this supplement on the treatment of IL-6 antagonists in 
patients experiencing cytokine storm.
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