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Abstract. Omega-3 polyunsaturated fatty 
acids (PUFA) have demonstrated anti-inflam-
matory properties, while Omega-6 have pro-in-
flammatory effects, and the balance between 
the two is an important aspect of healthy nutri-
tion. Over the last 30 years, however, the West-
ern diet has shifted largely from Omega-3 to 
Omega-6 consumption. Uncontrolled aberrant 
and chronic inflammation is a leading compo-
nent of many common diseases, including ar-
thritis, cardiovascular diseases, neurodegen-
erative diseases, cancer, obesity, autoimmune 
diseases, and infective diseases. Eicosanoids 
derived from Omega-6 participate in the inflam-
matory process, while Omega-3 PUFA have the 
opposite effect. Many favorable effects of Ome-
ga-3 are believed to result from their anti-in-
flammatory properties, but eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA) al-
so have inhibitory effects on immune cells and 
reduce proinflammatory cytokine release. All 
these mechanisms can be beneficial in auto-
immunity. No effective preventions or definite 
cures for autoimmune diseases are yet known 
because pathophysiology is also unclear. Ome-
ga-3 fatty acid supplementation is associated 
with a significant reduction in disease activi-
ty in several autoimmune diseases, like type 1 
diabetes (T1D), rheumatoid arthritis (RA), sys-
temic lupus erythematosus (SLE), and multi-
ple sclerosis (MS). Studies of viral diseases, in-
cluding COVID-19, show improvement in symp-
tom severity, recovery prognosis, and probabil-
ity of survival with the use of Omega-3. Final-
ly, the evidence of the beneficial effect of Ome-
ga-3 on metabolic diseases associated with ag-
ing is persuasive; various studies have demon-
strated that their consumption improves lipids, 
fatty liver disease, obesity, cognitive function, 
and cardiovascular complications of chronic 
kidney disease (CKD). Omega-3 PUFA have al-
so been shown to support an anti-inflammatory 
effect in older age and to have favorable effects 
on age-related disease’s complications, frail-
ty, and mortality. A healthy Omega-6/3 PUFA 
ratio should be targeted for the modulation of 
low-grade inflammation, as well as for the pre-

vention of immune dysregulation and compli-
cations of uncontrolled inflammation triggered 
by infections, development, and progression of 
autoimmune disorders, and the consequences 
of oxidative stress due to aging. There is still a 
need for randomized clinical studies to validate 
current evidence supporting supplementation 
with correct doses of Omega-3 PUFA in autoim-
mune and chronic disease prevention. 
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Definition and Function

Polyunsaturated fatty acids (PUFAs) repre-
sent a type of fat molecule predominantly found 
in lipid constituents like triglycerides, consisting 
of approximately 20 hydrocarbon units that pos-
sess a minimum of two carbon atoms connected 
by double or triple bonds, resulting in an incom-
plete saturation by hydrogen atoms. There are 
two primary categories of PUFAs: Omega-3 and 
Omega-6. The primary distinction between them 
is the placement of their double bonds on the car-
bon chain, either at position 3 or 6. The three ma-
jor Omega-3 PUFAs are α-linolenic acid (ALA), 
eicosapentaenoic acid (EPA), and docosahexae-
noic acid (DHA). Mammals are unable to produce 
the essential Omega-3 fatty acid known as a-lin-
olenic acid. However, they could synthesize EPA 
and DHA from alpha-linolenic acid, even though 
less than 5% and 1% can be metabolized into EPA 
and DHA, respectively1. Consequently, mammals 
depend on obtaining these fatty acids through 
their diet. Some Omega-6 are also essential fatty 
acids, like linoleic acid (LA), others are not, like 
arachidonic acid (AA). 
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Diet Source

Nutritional sources of PUFA are mainly nuts 
and fish, particularly small oily fish, like anchovy, 
sardine, or mackerel. ALA is found in vegetable 
sources, nuts, and seeds, while EPA and DHA are 
the main components of fish oil. Omega-6, like 
LA and AA, are found in refined vegetable oils, 
meat, poultry, eggs, and milk2. Omega-3 has an-
ti-inflammatory properties, while Omega-6 has 
pro-inflammatory effects, but the balance between 
the two is the most important part of healthy nu-
trition. The Western diet has changed dramatical-
ly in the last 30 years, in many deleterious ways, 
including a shift toward a higher Omega-6/Ome-
ga-3 ratio. In fact, foods consumed in industrial-
ized countries are now dominated by Omega-6 
PUFAs and contain only small amounts of Ome-
ga-3 PUFAs, with the ratio of Omega-6/Omega-3 
reaching as high as 20-30, which has been linked 
to chronic inflammation. Consuming less seafood 
and less whole foods decreases Omega-3 intake. 
The lower consumption of seafood, particular-
ly fresh and rich in Omega-3 PUFA seafood like 
salmon, trout, crabs, oysters, and mussels, may be 
partially related to the lower affordability of this 
diet3. Canned fish retains a portion of its Omega-3 
PUFA content, although processing can reduce it 
to some extent. Likewise, frying fish leads to a de-
crease in the amount of Omega-3 PUFA present. 
Indigenous populations like the Eskimos, known 
for their high fish consumption, experienced re-
markably low occurrences of autoimmune and 
inflammatory conditions such as type 1 diabetes, 
asthma, multiple sclerosis, and psoriasis4. Research 
conducted on Greenland Eskimos indicated that a 
diet rich in Omega-3 polyunsaturated fatty acids 
might contribute to decreased instances of these 
inflammatory diseases by modifying eicosanoid 
precursors and influencing other related pathways. 
Due to the alarmingly elevated Omega-6 to Ome-
ga-3 ratio commonly found in individuals who reg-
ularly consume a modern Western diet, initiatives 
have been undertaken to integrate Omega-3 fatty 
acids into the food supply, given their numerous 
health advantages; farm animals are also fed ma-
rine products. Despite its potential benefits, this 
process is expensive and time-consuming, and its 
feasibility is constrained by the number of avail-
able resources. Maintaining a favorable Omega-3 
fatty acid status is achievable even with a vegetari-
an diet, by regularly incorporating reliable sources 
of alpha-linolenic acid (such as walnuts, flaxseeds, 
chia seeds, and their oils) while restricting the 

consumption of linoleic acid (found in corn and 
sunflower oils)5. If a return toward dietary styles 
containing less inflammatory foods (immunonu-
trition) and rich in Omega-3, micronutrients, and 
fibers, is going to be a difficult and slow process of 
social nutrition, taking a long-term supplement of 
Omega-3 (immunoceutical) can be an easily avail-
able, convenient, and relatively inexpensive way to 
reduce chronic inflammation. Most inflammatory 
diseases improve by increasing dietary intake of 
Omega-3, which can be associated with benefits 
throughout life6. 

Inflammation and Omega-3 
Fatty Acids

While acute inflammation is self-limited, pro-
tective and necessary for restoring homeostasis 
in the affected tissues, chronic uncontrolled ab-
errant inflammation is a significant contribut-
ing factor to many common diseases; examples 
of such diseases include arthritis, inflammatory 
bowel diseases, periodontal diseases7, cardiovas-
cular diseases, neurodegenerative disorders, such 
as Alzheimer’s and Parkinson’s disease, asthma, 
cancer, obesity and metabolic syndrome, diabe-
tes and autoimmune diseases. Eicosanoids de-
rived from Omega-6, such as prostaglandin (PG), 
thromboxane (Tx), leukotriene (LT), are partic-
ipating in the inflammatory process; the Ome-
ga-3 PUFA instead are not metabolized to these 
pro-inflammatory molecules and actually seem to 
have the contrary effect, as described below. An-
ti-inflammatory medications, such as non-steroi-
dal anti-inflammatory drugs (NSAIDs), control 
mediators of inflammation like PGs, but not with-
out side effects, sometimes severe, especially if 
used chronically. Some anti-inflammatory thera-
pies may even become damaging in the long term 
because they are immunosuppressive, like gluco-
corticoids for example, while instead an increase 
in molecules that promote endogenous resolution 
of aberrant inflammation, like the powerful re-
solvins, which are derived from Omega-3, avoids 
the side effects and in particular the immunosup-
pressive effect. The Omega-3-derived metabolites 
are able to regulate the native immune response 
of B and T lymphocytes and their cytokines, de-
creasing interleukin (IL)-2, tumor necrosis factor 
alpha (TNF-α) and interferon-gamma (IFN-γ) se-
creted by CD8 positive T cells, control the differ-
entiation of CD4+ T-cells into T-helper 1 (Th1) 
and Th17, and increase IgG production by B cells. 
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Randomized controlled trials have shown im-
provements in clinical manifestations of rheuma-
toid arthritis (RA), systemic lupus erythemato-
sus, and psoriasis with Omega-3 fatty acids but 
definite long-term studies proving the prevention 
of autoimmunity are lacking, or results are not 
clear, as it is possible that many years of Omega-3 
intake, in the context of a generally healthy and 
anti-inflammatory diet, are necessary to demon-
strate an advantageous effect. If that could be 
demonstrated, though, an inexpensive and simple 
strategy may give a valuable opportunity to im-
plement this supplementation broadly in the gen-
eral population, especially in high-risk subjects, 
and prevent the onset and progression of inflam-
matory and autoimmune diseases. Our hypothe-
sis is that maintaining Omega-3 levels elevated, in 
relation to Omega-6, may help the body to restore 
the innate capacity to modulate hyperinflamma-
tory and hyperimmune reactions that become lost 
when autoimmunity’s trigger factors, viral dis-
eases or age-related degenerative diseases, that 
have in common an inflammatory underlying 
state, happen. 

Dietary marine-derived long-chain Omega-3 
fatty acids decrease systemic inflammation and 
ameliorate clinical manifestations and labora-
tory parameters in some autoimmune diseases. 
Evidence is still inadequate on whether Omega-3 
fatty acids can lower the risk of developing au-
toimmune diseases, such as in the VITAL trial8 
where Vitamin D supplementation for five years, 
with or without Omega-3 fatty acids, reduced au-
toimmune disease risk by 22%, while the supple-
mentation with Omega-3 fatty acid alone reduced 
the autoimmune disease rate by 15%, which was 
not statistically significant compared to the refer-
ence arm. 

The VITAL study8 revealed that taking Ome-
ga-3 in combination with vitamin D can lead to 
a decrease in autoimmune diseases, as the two 
nutrients can work synergistically to reduce in-
flammation; however, when the Omega-3 was 
taken alone at the dosage studied, the incidence 
of autoimmune diseases was not significantly 
decreased, as reported by participants, and con-
firmed by review of medical records. Nonethe-
less, the supplementation with Omega-3 PUFA 
did reduce the rate of autoimmune diseases com-
pared to placebo when participants with “prob-
able” autoimmune disease were included, and a 
significant interaction was observed with time, 
pointing to an increased effect after a longer du-
ration of supplementation. A sub-study of VITAL 

study9 participants assessed the levels changes 
of systemic inflammation biomarkers like IL-6, 
TNF receptor 2, and high sensitivity C reactive 
protein and found no evidence of reductions by 
Omega-3 alone over the first 2 years. Other stud-
ies in animals and in vitro, though, indicate that 
increased dietary intake of eicosapentaenoic acid 
and docosahexaenoic acid inhibits the production 
of C reactive protein (CRP) and inflammatory cy-
tokines such as TNF-α, IL-1β, and IL-6, on top of 
decreasing T cell proliferation and activation and 
functioning as substrate for specialized pro-re-
solving lipid mediators, including resolvins, pro-
tectins, and maresins, which promote inflamma-
tion’s resolution. It is probable, we believe, that 
the timing (the study was done in older adults >55 
years of age), length of treatment, and the dose of 
the Omega-3 in the VITAL study were not suf-
ficient to show the full advantage10, especially if 
patients had a background diet rich in Omega-6.  

Omega-3 fatty acids have been shown, in fact, 
as described previously, to have anti-inflammato-
ry effects by decreasing the production of pro-in-
flammatory cytokines and eicosanoids, such as 
prostaglandins and leukotrienes. This is partly 
due to their ability to compete with Omega-6 
fatty acids for enzymes involved in eicosanoid 
synthesis, resulting in a decreased production of 
pro-inflammatory eicosanoids. In addition, Ome-
ga-3 fatty acids can also modulate the activation 
of immune cells, such as macrophages and T cells, 
resulting in a decreased inflammatory response.

Several studies have demonstrated the anti-in-
flammatory effects of Omega-3 fatty acids in var-
ious diseases. In a study11 of patients with rheu-
matoid arthritis, supplementation with Omega-3 
fatty acids resulted in a decrease in the production 
of pro-inflammatory cytokines and a decrease in 
disease activity. Similarly, supplementation with 
Omega-3 fatty acids was found to decrease in-
flammation and improve clinical outcomes in 
individuals with inflammatory bowel disease12. 
Omega-3 fatty acids have also been shown13 to be 
beneficial in asthma, where they decrease airway 
inflammation and improve lung function.

Prevention of Age-Related Disease 
Progression and Omega-3 Fatty Acids

Aging is thought to be linked with persistent 
activation of the inflammatory response, often 
referred to as inflammaging, in both men and 
women. As individuals age, there is an increase in 
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blood levels of inflammatory markers, regardless 
of other health conditions, which contributes to 
the development of anabolic resistance, appetite 
loss, muscle wasting, and frailty in elderly indi-
viduals. Omega-3 PUFA have been consistently 
demonstrated in a majority of clinical and transla-
tional research14 to exert anti-inflammatory prop-
erties in the elderly population.

Lipids and CV
Cardiovascular disease remains the leading 

cause of death worldwide. Supplementation with 
EPA and DHA appears to be an effective lifestyle 
strategy for cardiovascular disease (CVD) preven-
tion, and the protective effect probably increases 
with dosage15.

The well-known fact that increased intake of 
polyunsaturated fatty acids, particularly Omega-3 
types like EPA and DHA, leads to reduced levels 
of plasma cholesterol16 and triglycerides (TG) lev-
el and reduction of coronary heart disease (CHD) 
and heart failure17 has been widely acknowledged. 
Omega-3 PUFA have been shown to decrease car-
diovascular disease in several clinical trials in the 
last 20 years, starting with the Japanese JELIS18 
study on Omega-3. 

Trials like JELIS, REDUCE-IT19 and RE-
SPECT-EPA20 indeed demonstrated significant 
reduction in cardiovascular events with high dose 
of EPA. In contrast, other studies, including the 
most recent VITAL, utilizing other formulations 
of Omega-3 EPA+DPA combinations, failed to 
demonstrate such clear benefits. 

The VITAL study8 mentioned in the introduc-
tion is a completed randomized, double-blind, 
placebo-controlled trial for the primary preven-
tion of cancer and cardiovascular (CV) disease 
in adults, that had negative results because the 
treatment was not demonstrated to be effective. 
Ancillary studies, in subsets of VITAL partic-
ipants, investigated the role of Omega-3 PUFA 
in the prevention of other diseases like diabetes 
and autoimmune diseases8. Participants received 
a daily dosage of 1 g marine Omega-3 PUFAs 
(comprised of 460 mg EPA and 380 mg DHA in a 
fish oil capsule), either with or without vitamin D, 
for a period of 5 years. Using a two-by-two fac-
torial design, patients were randomly assigned to 
one of four groups: (i) 2,000 IU active vitamin D 
and 1 g active Omega-3, (ii) active vitamin D and 
Omega-3 placebo, (iii) vitamin D placebo and 1 g 
active Omega-3, or (iv) vitamin D and Omega-3 
placebos. This dose of Omega-3 is very small, for 
example, compared to the dose used in the RE-

DUCE-IT study19, possibly not high enough to 
reduce CV risk10 but also not powerful enough to 
counteract the underlying inflammation21 of au-
toimmunity, and especially in the contest of un-
known Omega-6 content in the diet of the popu-
lation studied. 

Omega-3 fatty acids can lower the likelihood 
of developing cardiovascular disease by lowering 
blood pressure, on top of decreasing triglycerides 
and reducing inflammation. A meta-analysis22 
was conducted on ten trials involving 77,917 in-
dividuals to explore the relationship between the 
use of Omega-3 fatty acid supplementation and 
the risks of cardiovascular diseases. The findings 
indicated that, while the use of Omega-3 supple-
ments was not significantly associated with a re-
duced risk of major cardiovascular events, such as 
heart attacks and strokes, it was associated with a 
slightly lower risk of coronary heart disease. The 
study suggests that the evidence supporting the 
use of Omega-3 supplements to prevent cardio-
vascular diseases remains inconclusive. An ad-
ditional study23 showed that consumption of fish, 
which is an abundant source of Omega-3 fatty 
acids, was associated with a lower risk of heart 
failure in older adult subjects.

The Genome-wide association study (GWAS) 
investigated the impact of fish oil supplementation 
on lipid parameters in a large population sample 
of 81,246 individuals and confirmed that fish oil 
supplementation was associated with a signifi-
cant decrease in triglycerides and an increase in 
high-density lipoprotein (HDL) cholesterol lev-
els. They also identified several genetic loci, that 
could be modified by fish oil supplementation, 
which can modulate lipid levels24.

Metabolic Diseases
High levels and dietary consumption of Ome-

ga-3 have favorable effects in patients with obe-
sity25,26, hypertriglyceridemia and metabolic syn-
drome27, T2D, nonalcoholic fatty liver disease 
(NAFLD); all these metabolic diseases have in 
common a background of underlying chronic in-
flammation28. 

Aging and Mortality
In 2017, low intake of Omega-3 was among the 

nutritional risk factors that contributed to 11 mil-
lion deaths and 255 million disability-adjusted life 
years29. High Omega-3 PUFA intake reduces mor-
tality from major causes at 16 years follow-up30 
and is associated with longer telomeres, which 
is inversely correlated with cell senescence, and 
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less oxidative stress31,32. Also, Omega-3 seems 
to alleviate the harmful influence of chronic 
mental stress on the immune system, which can 
contribute to susceptibility to infective diseases, 
inflammation, and cellular aging33-35. Omega-3 
also reduces cardiovascular response to stress36. 
Individuals with higher levels of circulating long-
chain Omega-3 fatty acid, mainly derived from 
seafood, have a significantly lower all-cause mor-
tality risk, by at least 15-18%, compared to indi-
viduals in the lower quintiles37.

Neurodegenerative Diseases
Polyunsaturated fatty acids are a major com-

ponent of brain lipids; they have critical functions 
such as increasing fluidity of cell membranes, 
functioning as precursors for molecules like endo-
cannabinoids which regulate synaptic neurotrans-
mission, oxidative stress, neurons excitotoxicity, 
and inflammation, and generating pain-inducing 
molecules such as prostaglandin E2. Omega-3 
PUFA have been shown to have positive effects 
on cognitive impairment38,39, as well as potential 
neuroprotective benefits for degenerative diseas-
es and ischemic stroke. Lipo-modulators derived 
from Omega-3, like resolvins and maresins, have 
been shown to downregulate inflammation initi-
ated by β-amyloid within the human microglia, 
suggesting a possible favorable effect on the neu-
rological tissue and Alzheimer’s disease even if, 
the evidence on Alzheimer’s disease is still in-
conclusive40. DHA and its downstream metabolite 
neuroprotectin D1 (NPD1) are neuroprotective in 
the retina, Central Nervous System (CNS), and 
brain, and protectin D1 (PD1)/NPD1, together 
with resolvins, at the right levels, may protect the 
nervous system in early-stage Alzheimer’s due to 
their neurotropic, anti-apoptotic and anti-inflam-
matory effect on the brain. Despite some prospec-
tive studies and meta-analyses suggesting that 
marine Omega-3 PUFA, especially DHA, intake 
is associated with a reduction in development and 
progression of mild cognitive decline, the benefits 
in Alzheimer’s disease are still less in agreement. 
DHA is an essential component of neuronal cell 
membranes, and vasoactive molecules, derived 
from Omega-3 EPA and DHA, increase brain vas-
cular perfusion. Additionally, Omega-3 PUFAs 
have been shown41 to decrease the frequency and 
severity of headaches in patients with migraines. 
Omega-3 fatty acid levels were associated with 
advanced cognitive processes in children two to 
six years of age. A study42 revealed that higher 
levels of Omega-3 fatty acids in children’s blood 

were associated with improved executive func-
tion, particularly in the areas of inhibitory control 
and working memory. Children with ADHD have 
been found to have an elevated Omega-6/Ome-
ga-3 ratio which correlates with their symptoms43. 
Traumatic brain injuries, very common in ath-
letes and soldiers, have dramatic consequences: 
preliminary studies44in animals indicate that the 
consumption of Omega-3 FA may have a benefi-
cial functional effect on these disabling injuries45. 

Studies have explored the potential impact of 
Omega-3 fatty acids on neurodegenerative disor-
ders like Alzheimer’s and Parkinson’s disease40. 
A meta-analysis46 of 12 studies suggested that 
Omega-3 fatty acid supplementation can improve 
cognitive function in older adults with mild cog-
nitive impairment. Omega-3 fatty acids have been 
shown47 to reduce inflammation and oxidative 
stress, which are major contributors to the patho-
genesis of neurodegenerative diseases. Omega-3 
PUFA intake may be a useful nutritional strategy 
to correct impairments of cerebral glucose metab-
olism during aging48. In a healthy aging popula-
tion, Omega-3 fatty acid levels correlate with the 
integrity of the blood-brain barrier measured by 
magnetic resonance imaging (MRI)49.

A correlation between the levels of EPA and 
DHA in the bloodstream and a decrease in the 
frequency of ischemic strokes, dementia, major 
depression, and some brain damage has been ob-
served1. Intervention studies have also shown that 
higher blood levels of EPA and DHA are linked 
to enhanced brain function and cognitive per-
formance, as well as a reduced risk of neurode-
generative diseases such as Alzheimer’s disease. 
There is proof that EPA and DHA play important 
roles in brain structure and function by regulat-
ing neurotransmitter synthesis, cell signaling, and 
inflammation50. A proposed strategy to increase 
plasma levels of DHA-lysoPC is through the con-
sumption of dietary sources rich in DHA in phos-
pholipid forms, such as fish roe or krill oil. This 
method may circumvent the impaired transport of 
free DHA and effectively transport DHA-lysoPC 
into the brains of subjects at risk of AD51.

A research study performed on the cohort of 
subjects aged 65 years and older who were free 
from dementia, as part of the Framingham Heart 
Study, found that those with a baseline DHA pro-
portion in the red blood cells (RBC) above 6.1% 
had a significantly lower risk of developing Alz-
heimer’s disease (AD) and all-cause dementia. In 
comparison to participants with lower RBC DHA 
levels (below 3.8), subjects with higher levels of 
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RBC DHA had an estimated additional 4.7 years 
of life free of AD52.

Eye Health
Omega-3 fatty acids are essential nutrients 

that are critical for maintaining the optimal func-
tioning of several organs of the human body. One 
of the many benefits of Omega-3 fatty acids is 
their potential role in improving eye health. The 
Mediterranean diet, which is considered healthy 
and beneficial to reduce inflammation, and the 
consumption of Omega-3, and even topical use of 
Omega-3, offer promising protection from chron-
ic and age-related degenerative ocular diseases 
like cataract, dry eye disorder, glaucoma, retinop-
athy53; Omega-3-PUFAs have been found to offer 
protection to the retina against the effects of isch-
emic conditions54. Omega-3 PUFA are associated 
with a decreased occurrence of microaneurysms, 
which may be part of diabetic retinopathy55. Even 
myopia, the leading cause of visual impairment in 
the world without a known preventive treatment 
available, was attenuated by DHA and EPA in an-
imal and human studies56. 

Several studies have explored the effects of 
Omega-3 PUFA on eye health, particularly in rela-
tion to age-related macular degeneration (AMD), 
a major cause of vision loss in older adults. San-
Giovanni et al57 published a study in the Jour-
nal of the American Medical Association, that 
demonstrated an association between higher con-
sumption of Omega-3 fatty acids and a decreased 
risk of advanced age-related macular degenera-
tion (AMD). Analyzing data from the Age-Re-
lated Eye Disease Study (AREDS), it was found 
that subjects who consumed higher amounts of 
Omega-3 fatty acids had a 30% lower risk of de-
veloping advanced AMD compared to those with 
lower consumption57. According to a study pub-
lished in the Journal Investigative Ophthalmolo-
gy & Visual Science, Omega-3 fatty acids could 
potentially help prevent and slow the progression 
of AMD. The study, which utilized data from the 
Blue Mountains Eye Study, indicated that partici-
pants who consumed higher amounts of Omega-3 
fatty acids had a lower likelihood of developing 
early-stage AMD, and suggested that supple-
menting with Omega-3 fatty acids could be bene-
ficial in preventing the advancement to late-stage 
AMD58. Furthermore, Omega-3 fatty acids may 
also play a part in improving other aspects of eye 
health. Bhargava and Kumar59 found that Ome-
ga-3 fatty acid supplementation may improve dry 
eye syndrome symptoms. The study described 

that the participants who received Omega-3 fatty 
acid supplements had significant improvements 
in symptoms such as eye discomfort, dryness, 
and redness59. Overall, the evidence suggests that 
Omega-3 fatty acids may have a role in improving 
eye health, particularly in relation to AMD and 
dry eye syndrome. Further research is needed to 
fully understand the mechanisms behind these ef-
fects and to determine the optimal intake levels of 
Omega-3 fatty acids for eye health.

Actions on Inflammation and
 Immunity by Omega-3 Fatty Acids

The influence of dietary polyunsaturated fatty 
acids on the immune system has been investigated 
for a long time, with special attention on the Ome-
ga-3 PUFAs α-linolenic acid (ALA), eicosapen-
taenoic acid (EPA), and docosahexaenoic acid 
(DHA). Both Omega-3 and Omega-6-derived bio-
active metabolites have important immune-regu-
latory functions. Omega-6 arachidonic acid (AA) 
is the precursor of proinflammatory eicosanoids 
like leukotrienes (LT), prostaglandins (PG) and 
thromboxane (TX), which play an important role 
in the acute inflammatory process of endothelial 
permeability, neutrophil chemotaxis, and plate-
let aggregation. Omega-3 are the precursors of 
anti-inflammatory metabolites produced by neu-
trophils (PMN) and macrophages called special-
ized pro-resolving lipomediators or specialized 
pro-resolving mediators (SPMs), which modulate 
neutrophil infiltration and reduce inflammatory 
cytokines and oxidative stress, promoting reso-
lution of inflammation and return to homeosta-
sis. According to their structure and function, 
the metabolites are divided into families, which 
include lipoxins, resolvins, protectins, maresins. 
The most studied anti-inflammation metabolites 
are resolvins which have two main classes. EPA is 
the precursor of the E-series of resolving (RvE1, 
RvE2, RvE3), all of which are synthesized from 
EPA by enzymes such as cytochrome P450, cy-
clocygenase-2 (COX-2), and 15-lipoxygenase. 
The D series resolvins (RvD1-RvD6) are derived 
from DHA by such enzymes as COX-2, 12/15 
LOX, and 5-LOX. DHA leads to the generation of 
three distinct families of SPMs, namely D-series 
resolvins, protectins (protectin D1), and maresins. 
The D series resolvins (RvD1-RvD6) are derived 
from DHA by such enzymes as COX-2, 12/15 
LOX, and 5-LOX. All the metabolites synthesis is 
orchestrated by cyclooxygenase, lipoxygenase, or 
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cytochrome P450 enzymes, Omega-3 and Ome-
ga-6 substrates compete for these desaturation 
and elongation enzymes. Therefore, in the pres-
ence of Omega-3 fatty acids, the competition for 
enzymes reduces the synthesis of Omega-6-de-
rived metabolites, which also have effects on im-
mune cells. This competition constitutes an ad-
ditional level of immune regulation by Omega-3 
fatty acids. Overall, ALA, DHA, and EPA exert 
an inhibitory effect on the activation of immune 
cells from both the innate and adaptive branches. 
Omega-3 fatty acids have shown to affect three 
main properties of macrophage biology: that have 
been identified to be altered by Omega-3 fatty ac-
ids: the production and secretion of cytokines and 
chemokines, the capacity of phagocytosis, and the 
polarization into classically activated or alterna-
tively activated macrophages.

Omega-3 PUFA Effects on Macrophages
One of the main anti-inflammatory proper-

ties of Omega-3 is the action on innate immune 
cells like macrophages; in fact, Omega-3 inhibits 
macrophages pro-inflammatory cytokines pro-
duction, blunt inflammatory (M1) macrophages 
polarization while stimulating anti-inflammato-
ry M2 macrophages and increase macrophage 
phagocytic capacity. On PMN, the most abun-
dant leukocytes of the body, by being incorporat-
ed in their phospholipidic membrane, Omega-3 
PUFA and their metabolites reduce cell migration 
and cytokine production, while enhancing their 
phagocytic capacity. Unlike the innate immune 
response, the adaptive immune response is an-
tigen-dependent, clonally antigen-specific, and 
possesses long-lasting immunological memory. 
Due to its exquisite antigen specificity and dura-
bility, the adaptive immune defenses, particularly 
upon initial exposure, require several days to two 
weeks to mount a response. However, because of 
immunological memory, subsequent exposure 
to the same antigen allows for a much faster and 
stronger immune response, that can usually elim-
inate an infection prior to the onset of the disease. 
The adaptive immune response can be further di-
vided into two categories: antibody and cellular 
responses mediated by B- and T-lymphocytes. On 
T cells, Omega-3 PUFA regulate the native im-
mune response of T lymphocytes and their cyto-
kines: decrease IL2, TNF-α, INF-γ by CD8, and 
control differentiation of naïve CD4+ T-cells into 
effectors Th1 and Th17 cells. Additionally, Ome-
ga-3 induces regulatory T cells in the liver60 and 
other organs. On B lymphocytes: although there 

are some reports of decreased B cells activation 
by Omega-3, the effect is still controversial. On 
natural killer (NK) cells: the effect of Omega-3 
supplementation on the reduction of NK may be 
age-dependent since an effect has been seen in 
humans>55 years old61,62.

Action on Cellular Immune Response 
in Autoimmunity

Omega-3 polyunsaturated fatty acids have the 
potential to exhibit anti-inflammatory properties 
by activating the toll-like receptor 4 pathway 
and the G-protein coupled receptor 120 pathway, 
which ultimately leads to the inhibition of the cy-
tokine NF-κB and subsequent inflammatory re-
actions. Many favorable effects of Omega-3 are 
believed to occur through their anti-inflamma-
tory properties, but additionally, EPA and DHA 
have inhibitory effects on the mammalian target 
of rapamycin (mTOR) on immune cells, con-
tributing to the differentiation of naïve CD4+ T 
cells into T regulatory cells instead of Th1 and 
Th17 cell; this effect is opposite with Omega-6 
AA. Also, the lipomodulators resolvins and ma-
resins, derived from Omega-3 FA, reduce proin-
flammatory cytokines released by activated CD8 
cells. All these mechanisms can be beneficial in 
autoimmunity. Epigenetic modifications can also 
occur in the immune cells and can be passed on 
with each cell division to daughter cells. Conse-
quently, epigenetic modifications can potentially 
influence immunological phenotypes and impact 
disease outcomes.

Autoimmune Diseases
Autoimmune disorders are a large family of 

chronic diseases in which the immune system 
mounts an inflammatory response against the 
body’s own tissues, resulting in tissue and organ 
damage. These diseases, the incidence of which 
is steadily increasing, are highly debilitating and 
currently represent the third leading cause of 
morbidity in industrialized countries. The finan-
cial consequences of uncontrolled inflammation 
in the United States alone are estimated in hun-
dreds of millions of dollars for each disease, with 
a substantial projected rise in the next decade. 
Currently, autoimmune diseases affect about 20% 
of the population, mostly, but not only, women. 
Their etiopathogenesis involves some genetic pre-
disposition plus the triggering of environmental 
factors, which may be in crescendo in the West-
ern population, like for example, the consumption 
of a proinflammatory Omega-6 rich diet, not bal-
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anced by enough Omega-3. There are no effective 
preventions or definite cures for autoimmune dis-
eases, whose pathophysiology remains ill defined. 
There is currently a lack of effective treatments to 
decrease the incidence of autoimmune disorders, 
but it is possible to reduce their progression. The 
life-long pharmacological treatment of these dis-
eases is often accompanied by side effects, thus, 
the exploration of nutritional approaches to de-
crease the severity and progression of these dis-
eases is warranted. Omega-3 PUFA, like vitamin 
D, is quite harmless even at the right doses, but 
significant in improving cellular inflammation. 
Circulating values of the Omega-6/Omega-3 ratio 
(AA/EPA ratio) have been proposed as a biomark-
er of systemic inflammation. The optimal AA/
EPA ratio value to reduce cellular and systemic 
inflammation should be ideally between 1.5 and 
3. Nutritional interventions aimed at maintaining 
this ratio should be implemented on a large scale 
for metabolic reasons, but also to prevent the con-
sequences of autoimmune diseases. 

A review and meta-analysis of randomized 
controlled trials63 to assess the impact of Ome-
ga-3 fatty acid supplementation on disease activ-
ity in patients with autoimmune diseases found 
that Omega-3 fatty acid supplementation was 
associated with a significant reduction in disease 
activity, as measured by disease-specific activity 
scores. The authors suggested that Omega-3 fatty 
acids could be considered as adjunctive therapy in 
the management of autoimmune diseases. 

Type 1 diabetes (T1D) is a serious and com-
mon organ-specific autoimmune disease affect-
ing the youth, in which a subclass of T lympho-
cytes executes an autoimmune attack that leads 
to the destruction of the pancreatic b cells. The 
incidence of this disease is increasing, even with 
variations in different countries64, and predicting 
the real rate of new cases in certain low-income 
parts of the world is even more complicated. 
Norway has one of the highest incidences of new 
cases, and several risk factors have been studied 
in this population65. A study showed that fish oil 
consumption in the first year of life was associ-
ated with a lower incidence of T1D, but fish (cod 
liver) oil is a dietary supplement of both Omega-3 
fatty acids and vitamin D, so it is hard to dissoci-
ate their possible benefits, as food is a source of 
dietary patterns more than a source of one single 
nutrient. The Search Nutrition ancillary study has 
shown us many risk changes related to diet in pa-
tients with T1D, including the benefits of blood 
glucose control and c-peptide levels of Omega-3 

levels and intake66,67. The beneficial effects may 
be related to metabolic benefits on the islets, like 
reduced lipo and glucotoxicity68, or reduced gly-
cemia69. But the main contribution of Omega-3 
intake seems to be on autoimmunity70,71. 

An early longitudinal study, DAISY (Diabetes 
Autoimmunity Study in the Young), conducted in 
Colorado, revealed that prolonged dietary intake 
of a small dose of 150-mg of EPA/DHA Omega-3 
in infants could have a strong preventive effect in 
children, starting at the age of 1 year , and may 
reduce the risk of islet autoimmunity in children 
with familial T1D72, and even supplementation in 
utero and in the first months of life, in high-risk 
infants, decreases the levels of inflammation73. 

The EPIC-interact study74, which was con-
ducted in eight European countries, examined the 
adjusted hazard ratios (HRs) for incident diabe-
tes in relation to glutamic acid decarboxylase-65 
(GAD65) antibody status and terciles of plasma 
phospholipid Omega-3 PUFA. The study found 
that individuals who were positive for GAD65 
antibodies and had a low intake of total and fat-
ty fish had a significantly higher risk of diabetes. 
Furthermore, subjects with high GAD65 antibody 
levels and low total plasma phospholipid Omega-3 
PUFA had a more than fourfold higher risk of di-
abetes compared to antibody-negative individuals 
with high Omega-3 PUFAs.

In the Norwegian study that suggested that 
daily supplementation of 1.0 g DHA/EPA could 
reduce the risk of developing T1D65, the EPA/
DHA levels were much lower than those reached 
in a model of Type 1 diabetes (NOD) mice study. 
Intervention with dietary Omega-3 PUFAs reduc-
es the incidence of T1D in NOD mice as demon-
strated in the fundamental dietary intervention 
study75, in which NOD mice were fed a diet en-
riched with EPA/DHA for 35 weeks, starting at 
5 weeks of age, and compared to a control group 
fed a regular diet, and a separate group supplied 
with a diet containing omega 6 arachidonic acid 
(AA). The diet rich in Omega-3 resulted in signif-
icant changes in fatty acid composition in mice 
serum and tissues accompanied by a significant 
decrease in Omega-6 PUFAs, leading to sharp-
ly reduced ratios of Omega-6/Omega-3 PUFAs 
relative to ratios in AA diet-fed mice. Omega-3 
PUFAs blocked the progression of immune in-
filtration in the pancreas of NOD mice and the 
progression of peri-insulitis and insulitis. EPA/
DHA-enriched diet increased the levels of cyto-
kines with immunosuppressive properties, like 
IL-4 and IL-10. By contrast, the AA-enriched 
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diet promoted the secretion of pro-inflammatory 
IFN-γ, IL-17, IL-6, and TNF-α, while having no 
effect on IL-4 and IL-10. Treatment with Ome-
ga-3 EPA/DHA reduced the population of Th1 
cells and increased the Th2 and Treg. Human pe-
ripheral blood mononuclear cells (PBMCs) were 
then collected and isolated from T1D patients, 
treated with DHA, EPA, and AA, separately, for 
24 hours, and CD4+ T cell differentiation was 
analyzed by flow cytometry, vs. nondiabetic con-
trols. Consistent with the findings in NOD mice, 
it was detected that EPA and DHA rebalanced the 
Th1/Th2 ratio from approximately 12 to 1 by both 
increasing Th2 cell populations and decreasing 
Th1 cells in the samples from T1D patients. At the 
same time, a significant reduction of Th17 cells 
and an elevation of Tregs was observed. In con-
trast, AA Omega-6 did the opposite, significant-
ly reducing Tregs while considerably increasing 
Th17 cells. Also, EPA/DHA strongly inhibited 
the activation of mechanistic target of rapamy-
cin complex 1 (mTORC1) by AA. These effects 
were observed in PBMC from subjects with and 
without type 1 diabetes, suggesting that an im-
balance between Tregs and Th17 could represent 
a diet-induced risk factor that could impair the 
ability to modulate immunity and inflammation 
in response to an autoimmunity-triggering event, 
such as a viral infection. This could also explain 
why low levels of Omega-3 have been associat-
ed with a higher risk of severe viral infections, 
such as COVID-19. The AA/EPA ratio was tested 
in children with T1D. When the ratio was <22.1 
the patients required less insulin, and also, chil-
dren with diabetic ketoacidosis (DKA) showed 
a lower intake of Omega-3 and vitamin D, com-
pared to patients without DKA. These findings 
confirm that nutritional deficiency could impair 
blood glucose control, and possibly influence the 
immune function, suggesting that T1D could be 
mitigated in its severity by maintaining a healthy 
anti-inflammatory supplementation and diet76. 
Possibly also, Omega-3 PUFAs improve insu-
lin resistance in T1D during pregnancy77 and 
improve vascular health associated with insulin 
resistance in T1D78, suggesting that EPA and 
DHA consumption may reduce the severity and 
delay the progression of T1D complications due 
to their anti-inflammatory actions.

In autoimmunity prevention studies, the timing 
of intervention is essential, as it has been demon-
strated in the Teplizumab phase 2 prevention trial 
for Type 1 diabetes79, where a single course of the 
anti-CD3 teplizumab significantly slowed progres-

sion to clinical diabetes in high-risk, nondiabet-
ic relatives of patients with diabetes, who had at 
least two autoantibodies and abnormal results of 
an oral glucose tolerance test. The median delay in 
the diagnosis of diabetes was 2 years; the findings 
suggest that immunomodulation before the devel-
opment of clinical T1D disease can be the most 
beneficial in delaying the progression. It is possi-
ble that the nutritional intervention with Omega-3 
supplementation should be implemented very early 
before the immunological abnormalities have man-
ifested and continued for a long time. 

In a pilot study at T1D onset, supplementa-
tion of Omega-3 fatty acids for 1 year decreased 
prandial insulin demands in children with T1D 
on a Mediterranean diet80. Following this study, 
a larger Phase I/II study (Poseidon) is currently 
being conducted at our institution to explore the 
possible function of high dose Omega-3 and vi-
tamin D on the preservation of beta-cells81, in a 
population that includes children and adults with 
new-onset T1D. Some anecdotal case reports 
have shown that high doses of Omega-3 and vi-
tamin D3 administered to these patients resulted, 
by 12 months, in increased peak and area under 
the curve (AUC) C-peptide from baseline, which 
points to a beneficial effect on beta-cell function. 
Therefore, randomized controlled trials82,83 are 
now necessary to confirm whether this therapy 
may assist in preserving beta-cell function in pa-
tients with new onset T1D. A field study approach 
with Omega-3 and Vitamin D supplementation84, 
like the T1D Prevention Field Study, in 15 coun-
tries, aims to find a definite link between the AA/
EPA ratio, other markers of inflammation like 
CRP, and progression to T1 Diabetes in patients 
with only positivity of autoantibodies at enroll-
ment.  Also, maintaining an anti-inflammatory 
ratio of Omega-6/3 may be advantageous post-is-
let transplantation85, an effective cell replacement 
treatment for T1D.

The gut microbiota seems to be involved in the 
development of T1D by affecting intestinal perme-
ability, short chain fatty acids (SCFA) production, 
and by modulating the immune system and pro-
moting gut homeostasis, with the contribution of 
tryptophan metabolites and Omega-3 fatty acids. 
Individuals with T1D may experience improved 
metabolic control with a higher intake of polyun-
saturated Omega-3 FA. The Mediterranean diet, 
which is rich not only in dietary fibers but also 
in Omega-3 fatty acids, has been proposed86 as a 
potential therapeutic approach for preventing or 
delaying the progression of T1D and its compli-
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cations by improving gut microbiota composition 
and function.

Omega-3 and Rheumatic Diseases
Several clinical trials have demonstrated im-

provements in symptoms and delayed disease 
progression in these systemic autoimmune dis-
eases. The positive influence of unsaturated fat-
ty acids on treatment outcomes induced some 
authors87 to suggest that a diet rich in long-chain 
PUFA should be the standard of care, in addition 
to pharmacotherapy, in treating patients with 
diseases such as rheumatoid arthritis (RA). The 
mechanism at the basis of the beneficial effects 
of this nutritional intervention is believed to be 
the decrease in inflammatory cytokines like 
IL-1 and IL-6, TNF-α, INF-γ, and IL17, as well 
as the T cells proliferation and differentiation 
that can be regulated by Omega-3 PUFA. RA is 
a chronic inflammatory autoimmune disease of 
the joints and bones, that ultimately advances 
into tissue damage and painful loss of function, 
with a disease progression that evolves even af-
ter the inflammation has stopped. In RA stud-
ies, the amount of Omega-3 PUFAs, EPA, and 
DHA consumed ranged up to 4.6 g EPA daily 
and to 2.1 g DHA daily. As stated88, the purpose 
of supplementing with Omega-3 PUFA should 
be to intervene early in the inflammatory pro-
cess, before joint damage sets in. Eicosanoids 
derived from the arachidonic acid (AA) play a 
role in RA and marine Omega-3 PUFAs have 
been proven to provide anti-inflammatory ac-
tivities by reducing T cell reactivity, moder-
ating inflammatory cytokine production, and 
decreasing reactive oxygen species, when used 
at proper dose above the anti-inflammatory 
threshold89. A Danish study on the prevention 
of rheumatoid arthritis showed that an increase 
in the intake of (30 g) fatty fish per day was 
associated with a 49% reduction in the risk of 
RA many years later90. Fish oil may provide an 
additional advantage in reducing cardiovascu-
lar risk among patients with RA, besides lower-
ing the use of non-steroidal anti-inflammatory 
drugs (NSAID), which are also associated with 
cardiovascular risk. The use of fish oil in RA 
may indeed promote a reduced CV risk through 
direct mechanisms91. The effect of Omega-3 
fatty acid supplementation on the expression 
of pro-inflammatory cytokines in patients with 
rheumatoid arthritis (RA) was assessed in a 
study92 that found that Omega-3 fatty acid sup-
plementation significantly reduced the expres-

sion of pro-inflammatory cytokines, including 
TNF-α and IL-1β, in patients with RA. The au-
thors suggested that Omega-3 fatty acids could 
be a potential therapeutic option for managing 
inflammation in RA.

Systemic Lupus Erythematosus (SLE)
Lupus is a common autoimmune disorder 

characterized by the formation of immunocom-
plexes and connective tissue inflammation, and 
vessel involvement. It has been observed93,94 that 
6 months of supplementation with Omega-3 re-
lieves Lupus symptoms. Probably prolonged use 
is necessary to observe an advantage on vas-
cular and endothelial function in this disease, 
which carries a high risk of atherosclerotic com-
plications95.

Systemic Scleroderma
In systemic scleroderma, an autoimmune dis-

order, the Omega-3 metabolites resolvins con-
tribute to the resolution of the inflammation, 
promoting the efferocytosis of macrophages and 
the differentiation of proinflammatory macro-
phages M1 into anti-inflammatory macrophages 
M2, limiting the acute inflammatory process and 
modulating ischemia-reperfusion (during Ray-
naud’s phenomenon for example) induced inflam-
mation, preventing chronic inflammation and fi-
brosis so Omega-3 PUFA supplementation would 
be the perfect treatment to delay the progression 
of this autoimmune disease96.

Thyroiditis
It has emerged that the intake of Omega-3-rich 

oily fish was inversely correlated to serum thyroid 
antibodies throughout pregnancy and early post-
partum97, and Omega-3 supplementation reduces 
post-partum thyroiditis98. Thyroid autoimmune 
diseases, such as Hashimoto thyroiditis, are very 
common, and they have been linked to low resol-
vin D1 levels99. Some authors believe that it would 
be very advantageous and very low risk to treat 
with an Omega-3 supplementation100 initial auto-
immune thyroiditis because it is often associated 
with other autoimmune diseases and can lead to 
thyroid and cardiometabolic complications in the 
long term.

Psoriasis
Psoriasis is a common inflammatory autoim-

mune disease of the skin. It has been identified 
that a high intake of Omega-3 helps to reduce the 
severity and frequency of psoriatic plaques101. 
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Multiple Sclerosis (MS)
MS is an autoimmune disease of the nervous 

system that can evolve in impaired functional 
capacity and difficulty walking. Resolvins are 
reduced in patients with MS, and this reduction 
correlates with disease progression. Prolonged 
use of Omega-3 at high doses with other antioxi-
dant vitamins, like Vitamin A and E, showed im-
provement in gait in patients with MS102. Parks et 
al found that Omega-3 fatty acid supplementation 
was not associated with a significant reduction in 
the risk of developing MS and in the rate of dis-
ease progression103. However, in all clinical trials, 
the possible efficacy of the selected dose of Ome-
ga-3 should be evaluated in combination with the 
target ratio of Omega-6/Omega-3, to assess if an 
immunomodulatory, anti-inflammatory effect 
could be achieved10.

Omega-3 and Infective diseases
Both influenza and COVID-19 wide outbreaks 

of infections, despite the availability of vaccines, 
have been a major concern for vulnerable, frail, 
and senior patients, due to the possible hyperim-
mune and hyperinflammatory reaction observed 
following the infection. In addition to the risk of 
complications like acute respiratory distress syn-
drome (ARDS), there is also a possible link to 
the increase in autoimmune diseases, including 
T1D104, after these respiratory infections, which is 
troublesome in people of all ages. Omega-3 PU-
FAs have shown anti-inflammatory properties in 
many tissues and organs, even in the lungs105,106, 
and indeed clinical studies are ongoing to verify 
the protection of the use of Omega-3 FA in subjects 
at risk for COVID-19 complications. Elevated se-
rum pro-inflammatory cytokine levels have been 
strongly associated with mortality in COVID-19 
patients, which has led to further exploration 
of the use of Omega-3 in these patients107, since 
Omega-3 has already shown benefits in other crit-
ically ill patients108. Studies109 on COVID-19, even 
if not statistically significant, already showed a 
trend in mortality reduction with Omega-3 sup-
plementation107. A randomized controlled trial110 
was conducted in Tehran to investigate the effects 
of Omega-3 fatty acids supplementation on hos-
pitalized patients with COVID-19 disease. Thir-
ty adults were allocated to either a control group 
receiving Hydroxychloroquine or an intervention 
group receiving Hydroxychloroquine plus 2 grams 
of DHA and EPA for 2 weeks. The subjects that 
received Omega-3 demonstrated beneficial im-
provements in symptoms like body pain, fatigue, 

and appetite. Furthermore, Omega-3 supplemen-
tation was associated with a decrease in ESR and 
CRP levels, which suggests that a moderate dose 
of Omega-3 fatty acids may have a favorable ef-
fect in the management of inflammation-mediat-
ed clinical symptoms in patients with COVID-19. 
A double-blind RCT111 in critically ill patients 
with COVID-19 enterally fed with an Omega-3 
fortified formula showed a higher survival rate at 
1 month and improved renal function. Parenteral 
nutrition supplementation with Omega-3 FA im-
proves the recovery prognosis and the probabili-
ty of survival in critically ill patients112. In other 
viral infections, high levels of Omega-3 seem to 
have a value as well, in fact, for example, high-
er PUFA levels at birth were associated with re-
duced risk of coxsackievirus infection and respi-
ratory syncytial virus infection113 in children. In 
certain bacterial illnesses, the anti-inflammatory 
properties of Omega-3 fatty acids have demon-
strated beneficial outcomes. However, in the case 
of intracellular bacterial infections like salmonel-
la or tuberculosis, these compounds might have 
adverse consequences because of their impact on 
immune cells114.

Polyunsaturated Omega-3 fatty acids have 
been reported to have potential protective effects 
against SARS-CoV-2 infection by inhibiting the 
binding and entry of the virus into the cells. A 
study115 published in 2021 investigated the effects 
of PUFAs on the expression and activity of angio-
tensin-converting enzyme-2 (ACE2), a cellular 
receptor that facilitates the entry of SARS-CoV-2 
into the cells. The in vitro study on RBC found 
that Omega-3 fatty acids can inhibit the binding 
and entry of SARS-CoV-2 into the cells. Omega-3 
fatty acids may provide an extra therapeutic ben-
efit by reducing virus entry into cells, stabilizing 
the spike glycoprotein’s closed conformation, and 
preventing the interaction of ACE2 with the re-
ceptor binding domain116. Other potential bene-
fits of Omega-3 fatty acids in COVID-19 may be 
mediated by reduction of inflammation, improve-
ment of the immune function, and reduction of 
the severity of COVID-19 symptoms106. 

A recent review by Calder et al117 explored the 
effects of Omega-3 fatty acids in the context of 
viral infections. The authors reported that Ome-
ga-3 fatty acids have been shown to have antivi-
ral effects in animal models and in vitro studies. 
Furthermore, they have been found to improve 
immune function and reduce inflammation, both 
of which are crucial in viral infections. However, 
the authors noted that more research is needed to 



Modulation of inflammation and immunity by Omega-3 fatty acids

7391

determine the optimal dose and duration of Ome-
ga-3 supplementation in the context of viral in-
fections. Another study118 investigated the effects 
of Omega-3 supplementation on the immune re-
sponse to influenza vaccination in healthy adults. 
Omega-3 PUFA supplementation was associated 
with enhanced production of certain immune 
cells and antibody response to the vaccine.

According to a study involving patients diag-
nosed with Hepatitis C virus (HCV) infection119, 
the administration of Omega-3 fatty acids resulted 
in an enhancement of liver function and a decrease 
in the viral load. The study’s authors suggest that 
Omega-3 fatty acids could be a beneficial addition-
al treatment for HCV infection. Moreover, supple-
mentation with Omega-3 fatty acids resulted in re-
duced hospitalization time and increased survival 
rates among patients with sepsis120.

Omega-3 Effects on the Gut Microbiome
The gut microbiota may initiate inflammation 

by releasing compounds like lipopolysaccharides 
(LPS); certain nutrients like probiotics and Ome-
ga-3 fatty acids can increase microbiota variety, 
decrease inflammation, and promote short-chain 
fatty acid production. Omega-3 fatty acids also 
increase bacteria that suppress LPS and decrease 
bacteria that produce LPS, which helps to prevent 
gut permeability and chronic low-grade inflam-
mation121. 

A study conducted on a murine model re-
vealed that various doses of Omega-3 PUFA have 
distinct therapeutic effects on gut microbiota and 
immunity. The study found that doses of 60 mg 
and 90 mg had better recovery effects than a 30 
mg dose. These higher doses were linked to an 
increase of beneficial bacteria such as Lactoba-
cillus, Helicobacter, and Ruminococcus, and a re-
duction of the levels of harmful bacteria like Bac-
teroides, Clostridium, and Prevotella. Moreover, 
elevated doses were linked to increased mucus 
Secretory immunoglobulin A (SIgA) and serum 
IL-10 levels, and decreased serum levels of LPS, 
IL-1β, and TNF-α122.

A clinical study was conducted to investi-
gate the impact of enriched seafood sticks that 
contained postbiotic and bioactive compounds, 
including Omega-3, on cardiometabolic disease 
(CMD) risk factors and gut microbiota in indi-
viduals with abdominal obesity. This random-
ized study123 found that enriched seafood sticks 
can be used as a supplemental approach to man-
aging CMD risk factors in this population, and 
the study further suggests that this strategy could 

potentially offer protection against Type 2 Diabe-
tes and cardiovascular disease, accompanied by 
modifications in the gut microbiota composition.  

A diet rich in Omega-3 fatty acids has been 
found to modify the composition of the gut mi-
crobiome. The cardiovascular benefits associated 
with Omega-3 may be partially attributed to their 
effect on gut microbial fermentation products, 
suggesting they may function as a prebiotic nu-
trient124.

Effect on Other Age-Related Diseases 

NAFLD
Liver disease is common in obesity and met-

abolic syndrome. Studies125 have demonstrated 
that subjects with NAFL supplemented with fatty 
acids have beneficial effects on biomarkers of he-
patocellular damage, and show additional benefits 
on insulin levels and inflammation, especially if 
fatty acids supplementation is paired with vita-
min D. Treatment using Omega-3 polyunsaturat-
ed fatty acids enhances the levels of alanine ami-
notransferase (ALT), aspartate aminotransferase 
(AST), gamma-glutamyl transferase (GGT), and 
hepatic fat content in individuals diagnosed with 
non-alcoholic fatty liver disease126. In mice, di-
etary Omega-3 PUFA stimulated Tregs generation 
through up-regulation of peroxisome prolifera-
tor-activated receptor (PPAR)-γ and Transform-
ing growth factor beta (TGF-β) expression and 
protected the animals from liver injury127.

Cancer
There are data128 suggesting that Omega-3 

PUFA may have therapeutic effects on cancer, 
including lymphoproliferative diseases and breast 
cancer. There is evidence129,130 that Omega-3 may 
have epigenetic functions, like modification of 
histone acetylation in cancer cells, and regula-
tion of pathways important to cancer, including 
promoting immunogenic apoptosis. Fish dietary 
consumption is significantly inversely correlated 
with the risk of colorectal cancer131. In terms of 
symptoms, cancer-related fatigue improves with a 
greater increase in serum Omega-3 after supple-
mentation132. Initially, it was believed that Ome-
ga-3 fatty acids could interfere with the coagu-
lation process, however, research133,134 has shown 
that doses up to 10 gr/day of EPA and DHA, or 
consumption of 1.5 gr/day for 52 weeks by cancer 
patients and ICU patients, are safe and do not lead 
to adverse bleeding. In humans, anticancer prop-
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erties of Omega-3 fatty acids have been shown, 
particularly in breast, prostate, and colorectal can-
cer. According to a meta-analysis of 38 studies135, 
the intake of Omega-3 fatty acids was found to be 
linked with a decreased likelihood of developing 
breast cancer. Despite one report of a link between 
Omega-3 consumption and prostate cancer, in a 
study that showed some limitations like lack of 
randomization136, a comprehensive analysis of the 
pertinent literature indicates that elevated Omega-3 
fatty acid intake does not increase the risk of pros-
tate cancer and actually decreases prostate cancer 
mortality and decreases risk for sudden death and 
CV events in these patients137. A study138 conducted 
on mice has found that long-chain Omega-3 fatty 
acids and their oxidized metabolites may help to 
slow the growth of prostate tumors.

Chronic Kidney Disease (CKD)
The occurrence of CKD among adults is near-

ly 1 out of 10 individuals in developed nations, 
making it a significant public health issue. In fact, 
CKD is strongly correlated to early death, espe-
cially from CV causes. The NHANES study139 
observed that there is an inverse relation between 
dietary Omega-3 PUFA intake and all-cause mor-
tality in patients with CKD. There is evidence140 
of the clinical benefits of Omega-3 FAs intake in 
improving cardiometabolic parameters in CKD 
patients. A pooled analysis of data141 from a con-
sortium in 19 countries has found that higher lev-
els of total marine Omega-3 PUFAs, EPA, and 
DHA, were associated with a lower incident CKD 
risk. The anti-inflammatory effect in CKD may 
be mediated by monocyte chemoattractant pro-
tein 1 and fibroblast growth factor 23142. Omega-3 
supplementation in patients with end-stage renal 
disease on hemodialysis has been studied143 and 
it has been demonstrated to be a beneficial nutri-
tion-based intervention on several parameters in 
this population.

Musculoskeletal System and Frailty
Omega-3 PUFAs have anabolic properties on 

muscle proteins in healthy adults, as well as im-
proving sarcopenia of aging and CKD, and can-
cer cachexia. Systemic low-grade inflammation, 
which characterizes disease- and age-related 
muscle decline, induces muscle wasting, as seen 
in multiple sclerosis (MS).

Dietary Omega-3 PUFA mitochondrial antiox-
idant effects result in the normalization of cata-
bolic derangements and protection from muscle 
wasting. In human and animal studies, Omega-3 

fatty acids suppress muscle protein degradation, 
enhance the rate of muscle protein synthesis in 
response to anabolic stimuli (feeding or physical 
exercise), reduce systemic oxidative stress and in-
flammation, and improve insulin sensitivity and 
lipid profile. A recent study144 showed that supple-
menting older individuals with Omega-3 PUFAs 
derived from fish oil for six months positively in-
fluenced their body composition, muscle strength, 
and physical performance, suggesting it is an ef-
fective approach for the primary prevention of 
sarcopenia.

The Western diet, specifically its Omega-6 
content, has been linked to the development of 
persistent neuropathic pain145, which is one of the 
leading causes of invalidity, but that can be re-
versed by Omega-3 fatty acids. Omega-3 FA also 
improves the pain of degenerative spine disease146 
and spinal cord injury147. Omega-3 and its metab-
olites reduce pain from chronic inflammation148, 
like in arthritis or inflammatory bowel disease, 
for example, treatment for which is desperate-
ly needed to avoid lifelong use of NSAID149. A 
group of individuals in their mid-60s free of car-
diovascular disease, known as the Framingham 
offspring cohort, showed that their red blood cell 
fatty acid measurements were just as effective as 
standard risk factors in predicting their risk of 
death within the next 11 years. To verify this fatty 
acid profile as a reliable predictor of overall mor-
tality, further studies are necessary using differ-
ent populations150.

Conclusions

The evidence of the beneficial effect of Ome-
ga-3 on metabolic diseases associated with aging is 
compelling151. Various studies have demonstrated 
that Omega-3 consumption improves lipids, fatty 
liver disease, obesity, cognitive function, and car-
diovascular complications. The importance of ad-
dressing chronic inflammation cannot be overstat-
ed, as it has a primary role in the pathogenesis and 
persistence of many degenerative, autoimmune, 
and infectious diseases. In response to environ-
mental triggers, those predisposed to dysfunctional 
hyperinflammatory and hyperimmune disease can 
become susceptible to complications and the onset 
and progression of autoimmune diseases. 

Endogenous lipid mediators with positive ef-
fects on the resolution of inflammation, like the 
Omega-3 metabolites resolvins, are currently the 
focus of intensive investigation.
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A healthy Omega-6/3 ratio should be target-
ed, through diet and supplementation, to achieve 
modulation of low-grade inflammation and pre-
vent immune dysregulation. The modern Western 
diet increases the risk of complications of uncon-
trolled inflammation triggered by insults of any 
nature, like infections, and the consequence of 
oxidative stress due to aging.

Immunonutrition is not known to reverse tissue 
damage, which is a long-term complication of in-
flammatory disease but has demonstrated repeat-
edly to have favorable effects on low-grade inflam-
mation with a high dosage of Omega-3. Combining 
Omega-3 with Vitamin D may enhance the singu-
lar anti-inflammatory and immunomodulatory ef-
fect of both. No supplementation is effective alone 
as a primary preventive intervention without, at 
the same time, reducing the consumption of high 
pro-inflammatory Omega-6-rich foods.

Like physical exercise, keeping a strict anti-in-
flammatory diet is the most cost-effective im-
munomodulatory defense against the loss of ho-
meostasis that leads to vulnerability to illnesses 
and early disability, so we believe that Omega-3 
consumption should be promoted, combined with 
healthy nutrition, to prolong a healthy lifespan. 

There is a need for large randomized clinical 
studies to validate current evidence supporting 
supplementation with a correct dose of Omega-3 
PUFA, to maintain a correct target range of the 
ratio between Omega-6 and Omega-3 PUFA. 

Conflict of Interest 
No conflicts of interest relevant to this article are report-
ed by RP, KH, and VGJ; CR is a member of the Scientific 
Advisory Board of the Inflammation Research Foundation 
and is the author of The Healthspan Code, English edition 
of the Oscar Bestseller Mondadori, Il Codice Della Lon-
gevita’ Sana. 

Ethics Approval
Not applicable.

Informed Consent
Not applicable.

ORCID ID 
Raffaella Poggioli: https://orcid.org/0000-0001-9593-8760
Camillo Ricordi: https://orcid.org/0000-0001-8092-7153

Data Availability 
Not applicable.

Funding
The work was supported in part by the Diabetes Research In-
stitute Foundation.

Acknowledgments
The authors are grateful for the support of the Diabetes Re-
search Institute Foundation to ongoing randomized con-
trolled clinical trials on the use of Omega-3 and Vitamin 
D3 in Type 1 Diabetes, and to The Cure Alliance, for sup-
porting educational programs and research in Healthspan 
Medicine. 

Authors’ Contributions
RP wrote the manuscript, HK and VGJ contributed, re-
viewed and edited the manuscript, CR contributed to the 
content, discussion, review and editing of the manuscript.

References

  1) Lamon-Fava S, Liu M, Dunlop BW, Kinkead B, 
Schettler PJ, Felger JC, Ziegler TR, Fava M, Mis-
choulon D, Rapaport MH. Clinical response to EPA 
supplementation in patients with major depressive 
disorder is associated with higher plasma concen-
trations of pro-resolving lipid mediators. Neuropsy-
chopharmacology 2023; 48: 929-935. 

  2) Friesen RW, Innis SM. Dietary arachidonic acid to 
EPA and DHA balance is increased among Cana-
dian pregnant women with low fish intake. J Nutr 
2009; 139: 2344-2350. 

  3) Love DC, Thorne-Lyman AL, Conrad Z, Gephart 
JA, Asche F, Godo-Solo D, McDowell A, Nuss-
baumer EM, Bloem MW. Affordability influences 
nutritional quality of seafood consumption among 
income and race/ethnicity groups in the United 
States. Am J Clin Nutr 2022; 116: 415-425. 

  4) Kromann N, Green A. Epidemiological studies 
in the Upemavik district, Greenland. Acta Med 
Scand 1980; 5: 401-406.

  5) Agnoli C, Baroni L, Bertini I, Ciappellano S, Fab-
bri A, Papa M, Pellegrini N, Sbarbati R, Scarino 
ML, Siani V, Sieri S. Position paper on vegetari-
an diets from the working group of the Italian So-
ciety of Human Nutrition. Nutr Metab Cardiovasc 
Dis 2017; 27: 1037-1052.

  6) Swanson D, Block R, Mousa SA. Omega-3 fatty 
acids EPA and DHA: health benefits throughout 
life. Adv Nutr. 2012; 3: 1-7.  

  7) Mozaffari H, Daneshzad E, Larijani B, Bellissimo N, 
Azadbakht L. Dietary intake of fish, n-3 polyunsatu-
rated fatty acids, and risk of inflammatory bowel dis-
ease: a systematic review and meta-analysis of ob-
servational studies. Eur J Nutr 2020; 59: 1-17.

  8) Hahn J, Cook NR, Alexander EK, Friedman S, 
Walter J, Bubes V, Kotler G, Lee IM, Manson JE, 
Costenbader KH. Vitamin D and marine omega 3 
fatty acid supplementation and incident autoim-
mune disease: VITAL randomized controlled trial. 
BMJ 2022; 376: e066452.



R. Poggioli, K. Hirani, V.G. Jogani, C. Ricordi

7394

  9) Dong Y, Zhu H, Chen L, Huang Y, Christen W, 
Cook NR, Copeland T, Mora S, Buring JE, Lee 
IM, Costenbader KH, Manson JE. Effects of Vita-
min D3 and Marine Omega-3 Fatty Acids Supple-
mentation on Biomarkers of Systemic Inflamma-
tion: 4-Year Findings from the VITAL Randomized 
Trial. Nutrients 2022; 14: 5307.

 10) Sears B. Appropriate doses of Omega-3 fatty ac-
ids for therapeutic results. CellR4 2018; 6: e2578.

 11) Kostoglou-Athanassiou I, Athanassiou L, 
Athanassiou P. The Effect of Omega-3 Fatty Ac-
ids on Rheumatoid Arthritis. Mediterr J Rheuma-
tol 2020; 31: 190-194.

 12) Marton LT, Goulart RA, Carvalho ACA, Barbalho 
SM. Omega Fatty Acids and Inflammatory Bow-
el Diseases: An Overview. Int J Mol Sci 2019; 20: 
4851.

 13) Stoodley I, Garg M, Scott H, Macdonald-Wicks 
L, Berthon B, Wood L. Higher Omega-3 Index Is 
Associated with Better Asthma Control and Lower 
Medication Dose: A Cross-Sectional Study. Nutri-
ents 2019; 12: 74. 

 14) Ticinesi A, Meschi T, Lauretani F, Felis G, Fran-
chi F, Pedrolli C, Barichella M, Benati G, Di Nuz-
zo S, Ceda GP, Maggio M. Nutrition and Inflam-
mation in Older Individuals: Focus on Vitamin D, 
n-3 Polyunsaturated Fatty Acids and Whey Pro-
teins. Nutrients 2016; 8: 186.

 15) Bernasconi AA, Wiest MM, Lavie CJ, Milani 
RV, Laukkanen JA. Effect of Omega-3 Dosage 
on Cardiovascular Outcomes: An Updated Me-
ta-Analysis and Meta-Regression of Intervention-
al Trials. Mayo Clin Proc 2021; 96: 304-313. 

 16) llingworth DR, Harris WS, Connor WE. Inhibition 
of low density lipoprotein synthesis by dietary 
omega-3 fatty acids in humans. Arteriosclerosis 
1984; 4: 270-275.

 17) Tavazzi L, Maggioni AP, Marchioli R, Barlera S, 
Franzosi MG, Latini R, Lucci D, Nicolosi GL, Por-
cu M, Tognoni G; Gissi-HF Investigators. Effect 
of n-3 polyunsaturated fatty acids in patients with 
chronic heart failure (the GISSI-HF trial): a ran-
domised, double-blind, placebo-controlled trial. 
Lancet 2008; 372: 1223-1230.

 18) Yokoyama M, Origasa H, Matsuzaki M, Matsu-
zawa Y, Saito Y, Ishikawa Y, Oikawa S, Sasaki 
J, Hishida H, Itakura H, Kita T, Kitabatake A, Na-
kaya N, Sakata T, Shimada K, Shirato K; Japan 
EPA lipid intervention study (JELIS) Investigators. 
Effects of eicosapentaenoic acid on major cor-
onary events in hypercholesterolaemic patients 
(JELIS): a randomised open-label, blinded end-
point analysis. Lancet 2007; 369: 1090-1098.

 19) Bhatt DL, Steg PG, Miller M, Brinton EA, Jacob-
son TA, Ketchum SB, Doyle RT Jr, Juliano RA, Ji-
ao L, Granowitz C, Tardif JC, Ballantyne CM; RE-
DUCE-IT Investigators. Cardiovascular Risk Re-
duction with Icosapent Ethyl for Hypertriglyceri-
demia. N Engl J Med 2019; 380: 11-22. 

 20) Nishizaki Y, Miyauchi K, Iwata H, Inoue T, Hiraya-
ma A, Kimura K, Ozaki Y, Murohara T, Ueshi-
ma K, Kuwabara Y, Tanaka-Mizuno S, Yanagisa-
wa N, Sato T, Daida H. Study protocol and base-
line characteristics of Randomized trial for Evalu-
ation in Secondary Prevention Efficacy of Combi-

nation Therapy-Statin and Eicosapentaenoic Ac-
id: RESPECT-EPA, the combination of a random-
ized control trial and an observational biomarker 
study. Am Heart J 2023; 257: 1-8. 

 21) Endres S, Ghorbani R, Kelley VE, Georgilis K, 
Lonnemann G, van der Meer JW, Cannon JG, 
Rogers TS, Klempner MS, Weber PC, et al. The 
effect of dietary supplementation with n-3 polyun-
saturated fatty acids on the synthesis of interleu-
kin-1 and tumor necrosis factor by mononuclear 
cells. N Engl J Med 1989; 320: 265-271.

 22) Aung T, Halsey J, Kromhout D, Gerstein HC, Mar-
chioli R, Tavazzi L, Geleijnse JM, Rauch B, Ness A, 
Galan P, Chew EY, Bosch J, Collins R, Lewington 
S, Armitage J, Clarke R; Omega-3 Treatment Trial-
ists’ Collaboration. Associations of Omega-3 Fatty 
Acid Supplement Use With Cardiovascular Disease 
Risks: Meta-analysis of 10 Trials Involving 77 917 
Individuals. JAMA Cardiol 2018; 3: 225-234. 

 23) Levitan EB, Wolk A, Mittleman MA. Fish con-
sumption, marine omega-3 fatty acids, and inci-
dence of heart failure: a population-based pro-
spective study of middle-aged and elderly men. 
Eur Heart J 2009; 30: 1495-500. 

 24) Francis M, Li C, Sun Y, Zhou J, Li X, Brenna JT, 
Ye K. Genome-wide association study of fish oil 
supplementation on lipid traits in 81,246 individu-
als reveals new gene-diet interaction loci. PLoS 
Genet 2021; 17: e1009431. 

 25) Salman HB, Salman MA, Yildiz Akal E. The ef-
fect of omega-3 fatty acid supplementation on 
weight loss and cognitive function in overweight 
or obese individuals on weight-loss diet. Nutr 
Hosp 2022; 39: 803-813. English.

 26) Félix-Soriano E, Martínez-Gayo A, Cobo MJ, Pérez-
Chávez A, Ibáñez-Santos J, Palacios Samper N, 
Goikoetxea Galarza I, Cuervo M, García-Unciti M, 
González-Muniesa P, Lorente-Cebrián S, More-
no-Aliaga MJ. Effects of DHA-Rich n-3 Fatty Ac-
id Supplementation and/or Resistance Training on 
Body Composition and Cardiometabolic Biomark-
ers in Overweight and Obese Post-Menopausal 
Women. Nutrients 2021; 13: 2465.

 27) Lee JW, Kim Y, Hyun T, Song S, Yang W, Kim YS, 
You HS, Chang YC, Shin SH, Kang HT. Beneficial 
Effects of a Specially Designed Home Meal Re-
placement on Cardiometabolic Parameters in In-
dividuals with Obesity: Preliminary Results of a 
Randomized Controlled Clinical Trial. Nutrients 
2021; 13: 2171.

 28) Esposito K, Giugliano D. The metabolic syndrome 
and inflammation: association or causation? Nutr 
Metab Cardiovasc Dis 2004; 14: 228-232. 

 29) GBD 2017 Diet Collaborators. Health effects of 
dietary risks in 195 countries, 1990-2017: a sys-
tematic analysis for the Global Burden of Disease 
Study 2017. Lancet. 2019 May 11;393(10184):1958-
1972. doi: 10.1016/S0140-6736(19)30041-8. Epub 
2019 Apr 4. Erratum in: Lancet 2021; 397: 2466.

 30) Zhang Y, Zhuang P, He W, Chen JN, Wang WQ, 
Freedman ND, Abnet CC, Wang JB, Jiao JJ. As-
sociation of fish and long-chain omega-3 fatty ac-
ids intakes with total and cause-specific mortality: 
prospective analysis of 421 309 individuals. J In-
tern Med 2018; 284: 399-417. 



Modulation of inflammation and immunity by Omega-3 fatty acids

7395

 31) Farzaneh-Far R, Lin J, Epel ES, Harris WS, 
Blackburn EH, Whooley MA. Association of ma-
rine omega-3 fatty acid levels with telomeric ag-
ing in patients with coronary heart disease. JAMA 
2010; 303: 250-725.

 32) Barden A, O’Callaghan N, Burke V, Mas E, Beil-
in LJ, Fenech M, Irish AB, Watts GF, Puddey IB, 
Huang RC, Mori TA. n-3 Fatty Acid Supplementa-
tion and Leukocyte Telomere Length in Patients 
with Chronic Kidney Disease. Nutrients 2016 Mar; 
8: 175. 

 33) Maes M, Christophe A, Bosmans E, Lin A, Neels 
H. In humans, serum polyunsaturated fatty ac-
id levels predict the response of proinflammato-
ry cytokines to psychologic stress. Biol Psychia-
try 2000 May; 47: 910-20. 

 34) Steptoe A, Hamer M, Lin J, Blackburn EH, Eru-
salimsky JD. The Longitudinal Relationship Be-
tween Cortisol Responses to Mental Stress and 
Leukocyte Telomere Attrition. J Clin Endocrinol 
Metab 2017; 102: 962-969. 

 35) Madison AA, Belury MA, Andridge R, Renna ME, 
Rosie Shrout M, Malarkey WB, Lin J, Epel ES, 
Kiecolt-Glaser JK. Omega-3 supplementation 
and stress reactivity of cellular aging biomark-
ers: an ancillary substudy of a randomized, con-
trolled trial in midlife adults. Mol Psychiatry 2021; 
26: 3034-3042. 

 36) Ginty AT, Conklin SM. Preliminary evidence that 
acute long-chain omega-3 supplementation re-
duces cardiovascular reactivity to mental stress: 
a randomized and placebo controlled trial. Biol 
Psychol 2012; 89: 269-272.

 37) Harris WS, Tintle NL, Imamura F, Qian F, Korat 
AVA, Marklund M, Djoussé L, Bassett JK, Car-
michael PH, Chen YY, Hirakawa Y, Küpers LK, 
Laguzzi F, Lankinen M, Murphy RA, Samieri C, 
Senn MK, Shi P, Virtanen JK, Brouwer IA, Chien 
KL, Eiriksdottir G, Forouhi NG, Geleijnse JM, Giles 
GG, Gudnason V, Helmer C, Hodge A, Jackson 
R, Khaw KT, Laakso M, Lai H, Laurin D, Leander 
K, Lindsay J, Micha R, Mursu J, Ninomiya T, Post 
W, Psaty BM, Risérus U, Robinson JG, Shadyab 
AH, Snetselaar L, Sala-Vila A, Sun Y, Steffen LM, 
Tsai MY, Wareham NJ, Wood AC, Wu JHY, Hu F, 
Sun Q, Siscovick DS, Lemaitre RN, Mozaffarian D; 
Fatty Acids and Outcomes Research Consortium 
(FORCE). Blood n-3 fatty acid levels and total and 
cause-specific mortality from 17 prospective stud-
ies. Nat Commun 2021; 12: 2329. 

 38) Bo Y, Zhang X, Wang Y, You J, Cui H, Zhu Y, 
Pang W, Liu W, Jiang Y, Lu Q. The n-3 Polyun-
saturated Fatty Acids Supplementation Improved 
the Cognitive Function in the Chinese Elderly with 
Mild Cognitive Impairment: A Double-Blind Ran-
domized Controlled Trial. Nutrients 2017; 9: 54. 

 39) Zhang Y, Chen J, Qiu J, Li Y, Wang J, Jiao J. 
Intakes of fish and polyunsaturated fatty acids 
and mild-to-severe cognitive impairment risks: a 
dose-response meta-analysis of 21 cohort stud-
ies. Am J Clin Nutr 2016; 103: 330-340.

 40) Avallone R, Vitale G, Bertolotti M. Omega-3 Fatty 
Acids and Neurodegenerative Diseases: New Ev-
idence in Clinical Trials. Int J Mol Sci. 2019; 20: 
4256.

 41) Ramsden CE, Zamora D, Faurot KR, MacIntosh 
B, Horowitz M, Keyes GS, Yuan ZX, Miller V, 
Lynch C, Honvoh G, Park J, Levy R, Domenichi-
ello AF, Johnston A, Majchrzak-Hong S, Hibbeln 
JR, Barrow DA, Loewke J, Davis JM, Mannes A, 
Palsson OS, Suchindran CM, Gaylord SA, Mann 
JD. Dietary alteration of n-3 and n-6 fatty acids for 
headache reduction in adults with migraine: ran-
domized controlled trial. BMJ 2021; 374: n1448.

 42) Adjepong M, Yakah W, Harris WS, Annan RA, 
Pontifex MB, Fenton JI. Whole blood n-3 fatty 
acids are associated with executive function in 
2-6-year-old Northern Ghanaian children. J Nutr 
Biochem 2018; 57: 287-293. 

 43) Parletta N, Niyonsenga T, Duff J. Omega-3 and 
Omega-6 Polyunsaturated Fatty Acid Levels and 
Correlations with Symptoms in Children with 
Attention Deficit Hyperactivity Disorder, Autis-
tic Spectrum Disorder and Typically Developing 
Controls. PLoS One 2016; 11: e0156432.

 44) Hasadsri L, Wang BH, Lee JV, Erdman JW, Llano 
DA, Barbey AK, Wszalek T, Sharrock MF, Wang 
HJ. Omega-3 fatty acids as a putative treatment 
for traumatic brain injury. J Neurotrauma 2013; 
30: 897-906.

 45) Schoeber ME, Docosahexaenoic Acid and Ome-
ga 3 Fatty Acids  New Therapeutics for Traumat-
ic Brain Injury, Chapt 18, 287-306.

 46) Abubakari AR, Naderali MM, Naderali EK. Ome-
ga-3 fatty acid supplementation and cognitive 
function: are smaller dosages more beneficial? 
Int J Gen Med 2014; 7: 463-473. 

 47) Calder PC. Omega-3 fatty acids and inflammato-
ry processes. Nutrients 2010; 2: 355-374. 

 48) Pifferi F, Jouin M, Alessandri JM, Haedke U, Roux 
F, Perrière N, Denis I, Lavialle M, Guesnet P. n-3 
Fatty acids modulate brain glucose transport in 
endothelial cells of the blood-brain barrier. Pros-
taglandins Leukot Essent Fatty Acids 2007; 77: 
279-286.

 49) Barnes S, Chowdhury S, Gatto NM, Fraser GE, 
Lee GJ. Omega-3 fatty acids are associated with 
blood-brain barrier integrity in a healthy aging 
population. Brain Behav 2021; 11: e2273. 

 50) von Schacky C. Importance of EPA and DHA 
Blood Levels in Brain Structure and Function. Nu-
trients 2021; 13: 1074. 

 51) Patrick RP. Role of phosphatidylcholine-DHA in 
preventing APOE4-associated Alzheimer’s dis-
ease. FASEB J 2019; 33: 1554-1564.

 52) Sala-Vila A, Satizabal CL, Tintle N, Melo van Lent 
D, Vasan RS, Beiser AS, Seshadri S, Harris WS. 
Red Blood Cell DHA Is Inversely Associated with 
Risk of Incident Alzheimer’s Disease and All-
Cause Dementia: Framingham Offspring Study. 
Nutrients 2022; 14: 2408. 

 53) Medori MC, Naureen Z, Dhuli K, Placidi G, Falsi-
ni B, Bertelli M. Dietary supplements in retinal dis-
eases, glaucoma, and other ocular conditions. J 
Prev Med Hyg 2022; 63(2 Suppl 3): E189-E199. 

 54) Dátilo MN, Formigari GP, de Faria JBL, de Faria 
JML. AMP kinase activation by Omega-3 poly-
unsaturated fatty acid protects the retina against 
ischemic insult: An in vitro and in vivo study. Exp 
Eye Res 2023; 226: 109345.



R. Poggioli, K. Hirani, V.G. Jogani, C. Ricordi

7396

 55) de Mello VD, Selander T, Lindström J, Tuomileh-
to J, Uusitupa M, Kaarniranta K. Serum Levels of 
Plasmalogens and Fatty Acid Metabolites Asso-
ciate with Retinal Microangiopathy in Participants 
from the Finnish Diabetes Prevention Study. Nu-
trients 20214; 13: 4452. 

 56) Pan M, Zhao F, Xie B, Wu H, Zhang S, Ye C, Guan 
Z, Kang L, Zhang Y, Zhou X, Lei Y, Wang Q, Wang 
L, Yang F, Zhao C, Qu J, Zhou X. Dietary ω-3 polyun-
saturated fatty acids are protective for myopia. Proc 
Natl Acad Sci U S A 2021; 118: e2104689118. 

 57) SanGiovanni JP, Chew EY, Agrón E, Clemons TE, 
Ferris FL 3rd, Gensler G, Lindblad AS, Milton RC, 
Seddon JM, Klein R, Sperduto RD; Age-Relat-
ed Eye Disease Study Research Group. The re-
lationship of dietary omega-3 long-chain polyun-
saturated fatty acid intake with incident age-relat-
ed macular degeneration: AREDS report no. 23. 
Arch Ophthalmol 2008; 126: 1274-1279.

 58) Tan JS, Wang JJ, Flood V, Mitchell P. Dietary fat-
ty acids and the 10-year incidence of age-related 
macular degeneration: the Blue Mountains Eye 
Study. Arch Ophthalmol 2009; 127: 656-665.

 59) Bhargava R, Kumar P. Oral omega-3 fatty ac-
id treatment for dry eye in contact lens wearers. 
Cornea 2015; 34: 413-420. 

 60) Lian M, Luo W, Sui Y, Li Z, Hua J. Dietary n-3 PU-
FA Protects Mice from Con A Induced Liver Inju-
ry by Modulating Regulatory T Cells and PPAR-γ 
Expression. PLoS One 2015; 10: e0132741. 

 61) Gutiérrez S, Svahn SL, Johansson ME. Effects of 
Omega-3 Fatty Acids on Immune Cells. Int J Mol 
Sci 2019; 20: 5028.

 62) Thies F, Nebe-von-Caron G, Powell JR, Yaqoob P, 
Newsholme EA, Calder PC. Dietary supplementa-
tion with eicosapentaenoic acid, but not with other 
long-chain n-3 or n-6 polyunsaturated fatty acids, de-
creases natural killer cell activity in healthy subjects 
aged >55 y. Am J Clin Nutr 2001; 73: 539-548. 

 63) Borella E, Nesher G, Israeli E, Shoenfeld Y, Gersh-
win ME. Omega-3 fatty acids and autoimmune dis-
eases: A systematic review. Nutrients 2017; 9, 842. 

 64) Tuomilehto J, Ogle GD, Lund-Blix NA, Stene LC. 
Update on Worldwide Trends in Occurrence of 
Childhood Type 1 Diabetes in 2020. Pediatr En-
docrinol Rev 2020; 17: 198-209. 

 65) Stene LC, Joner G; Norwegian Childhood Diabe-
tes Study Group. Use of cod liver oil during the 
first year of life is associated with lower risk of 
childhood-onset type 1 diabetes: a large, popu-
lation-based, case-control study. Am J Clin Nutr 
2003; 78: 1128-1134.

 66) Lamichhane AP, Crandell JL, Jaacks LM, Couch 
SC, Lawrence JM, Mayer-Davis EJ. Longitudi-
nal associations of nutritional factors with glycat-
ed hemoglobin in youth with type 1 diabetes: the 
SEARCH Nutrition Ancillary Study. Am J Clin Nu-
tr 2015; 101: 1278-12785. 

 67) Mayer-Davis EJ, Dabelea D, Crandell JL, Crume 
T, D’Agostino RB Jr, Dolan L, King IB, Lawrence 
JM, Norris JM, Pihoker C, The N. Nutritional fac-
tors and preservation of C-peptide in youth with 
recently diagnosed type 1 diabetes: SEARCH 
Nutrition Ancillary Study. Diabetes Care 2013; 36: 
1842-1850. 

 68) Bellini L, Campana M, Rouch C, Chacinska M, 
Bugliani M, Meneyrol K, Hainault I, Lenoir V, De-
nom J, Véret J, Kassis N, Thorens B, Ibberson M, 
Marchetti P, Blachnio-Zabielska A, Cruciani-Gug-
lielmacci C, Prip-Buus C, Magnan C, Le Stunff H. 
Protective role of the ELOVL2/docosahexaenoic 
acid axis in glucolipotoxicity-induced apoptosis in 
rodent beta cells and human islets. Diabetologia 
2018; 61: 1780-1793.

 69) Wang B, Smyl C, Chen CY, Li XY, Huang W, 
Zhang HM, Pai VJ, Kang JX. Suppression of 
Postprandial Blood Glucose Fluctuations by a 
Low-Carbohydrate, High-Protein, and High-Ome-
ga-3 Diet via Inhibition of Gluconeogenesis. Int J 
Mol Sci 2018; 19: 1823.

 70) Li X, Bi X, Wang S, Zhang Z, Li F, Zhao AZ. Ther-
apeutic Potential of ω-3 Polyunsaturated Fatty 
Acids in Human Autoimmune Diseases. Front Im-
munol 2019; 10: 2241. 

 71) Purdel C, Ungurianu A, Margina D. Metabolic and 
Metabolomic Insights Regarding the Omega-3 
PUFAs Intake in Type 1 Diabetes Mellitus. Front 
Mol Biosci 2021; 8: 783065.

 72) Norris JM, Yin X, Lamb MM, Barriga K, Seifert J, 
Hoffman M, Orton HD, Barón AE, Clare-Salzler 
M, Chase HP, Szabo NJ, Erlich H, Eisenbarth GS, 
Rewers M. Omega-3 polyunsaturated fatty ac-
id intake and islet autoimmunity in children at in-
creased risk for type 1 diabetes. JAMA 2007; 298: 
1420-1428. 

 73) Chase HP, Boulware D, Rodriguez H, Donaldson 
D, Chritton S, Rafkin-Mervis L, Krischer J, Skyler 
JS, Clare-Salzler M; Type 1 Diabetes TrialNet Nu-
tritional Intervention to Prevent (NIP) Type 1 Di-
abetes Study Group. Effect of docosahexaenoic 
acid supplementation on inflammatory cytokine 
levels in infants at high genetic risk for type 1 di-
abetes. Pediatr Diabetes 2015; 16: 271-279. 

 74) Löfvenborg JE, Carlsson S, Andersson T, Hampe 
CS, Koulman A, Chirlaque Lopez MD, Jakszyn P, 
Katzke VA, Kühn T, Kyrø C, Masala G, Nilsson 
PM, Overvad K, Panico S, Sánchez MJ, van der 
Schouw Y, Schulze MB, Tjønneland A, Weider-
pass E, Riboli E, Forouhi NG, Sharp SJ, Rolands-
son O, Wareham NJ. Interaction Between GAD65 
Antibodies and Dietary Fish Intake or Plasma 
Phospholipid n-3 Polyunsaturated Fatty Acids on 
Incident Adult-Onset Diabetes: The EPIC-InterAct 
Study. Diabetes Care 2021; 44: 416-424.

 75) Bi X, Li F, Liu S, Jin Y, Zhang X, Yang T, Dai Y, Li 
X, Zhao AZ. ω-3 polyunsaturated fatty acids ame-
liorate type 1 diabetes and autoimmunity. J Clin 
Invest 2017; 127: 1757-1771.

 76) Savastio S, Pozzi E, Mancioppi V, Boggio Sola V, 
Carrera D, Antoniotti V, Corsetto PA, Montorfano 
G, Rizzo AM, Bagnati M, Rabbone I, Prodam F. 
Vitamin D Repletion and AA/EPA Intake in Chil-
dren with Type 1 Diabetes: Influences on Meta-
bolic Status. Nutrients 2022; 14: 4603.

 77) Horvaticek M, Djelmis J, Ivanisevic M, Oreskov-
ic S, Herman M. Effect of eicosapentaenoic acid 
and docosahexaenoic acid supplementation on 
C-peptide preservation in pregnant women with 
type-1 diabetes: randomized placebo controlled 
clinical trial. Eur J Clin Nutr 2017; 71: 968-972.



Modulation of inflammation and immunity by Omega-3 fatty acids

7397

 78) O’Mahoney LL, Churm R, Stavropoulos-Kalino-
glou A, Ajjan RA, Orsi NM, Mappa G, Price OJ, 
Campbell MD. Associations Between Erythro-
cyte Membrane Fatty Acid Compositions and Bio-
markers of Vascular Health in Adults With Type 1 
Diabetes With and Without Insulin Resistance: A 
Cross-Sectional Analysis. Can J Diabetes 2022; 
46: 111-117. 

 79) Herold KC, Bundy BN, Long SA, Bluestone JA, 
DiMeglio LA, Dufort MJ, Gitelman SE, Gottlieb 
PA, Krischer JP, Linsley PS, Marks JB, Moore W, 
Moran A, Rodriguez H, Russell WE, Schatz D, 
Skyler JS, Tsalikian E, Wherrett DK, Ziegler AG, 
Greenbaum CJ; Type 1 Diabetes TrialNet Study 
Group. An Anti-CD3 Antibody, Teplizumab, in 
Relatives at Risk for Type 1 Diabetes. N Engl J 
Med 2019; 381: 603-613. 

 80) Cadario F, Pozzi E, Rizzollo S, Stracuzzi M, Beux 
S, Giorgis A, Carrera D, Fullin F, Riso S, Rizzo 
AM, Montorfano G, Bagnati M, Dianzani U, Cai-
mmi P, Bona G, Ricordi C. Vitamin D and ω-3 
Supplementations in Mediterranean Diet During 
the 1st Year of Overt Type 1 Diabetes: A Cohort 
Study. Nutrients 2019; 11: 2158.

 81) Baidal, DA, Sanchez J, Alejandro R, Blaschke 
CE, Hirani K, Matheson DL, Messinger S, Pug-
liese A, Rafkin LE, Roque LA, Vera Ortiz JM; 
Ricordi C. POSEIDON study: a pilot, safety 
and feasibility trial of high-dose Omega-3 fat-
ty acids and high-dose cholecalciferol supple-
mentation in type 1 diabetes. CellR4 2018; 6: 
e2489.

 82) Baidal DA, Ricordi C, Garcia-Contreras M, Sonni-
no A, Fabbri A. Combination high-dose omega-3 
fatty acids and high-dose cholecalciferol in new 
onset type 1 diabetes: a potential role in preser-
vation of beta-cell mass. Eur Rev Med Pharmacol 
Sci 2016; 20: 3313-3318. 

 83) Ricordi C, Lanzoni G. Editorial: Can high-dose 
Omega-3 fatty acids and high-dose vitamin D3 
(cholecalciferol) prevent type 1 diabetes and sus-
tain preservation of beta-cell function after dis-
ease onset? CellR4 2018; 6: e2493. 

 84) Ricordi C, Clare-Salzler M, Infante M, Baggerly C, 
Aliano J, McDonnell S, Chritton S. Vitamin D and 
Omega-3 Field Study on Progression of Type 1 
Diabetes. CellR4 2019; 7: e2737.

 85) Infante M, Ricordi C, Padilla N, Alvarez A, Linetsky 
E, Lanzoni G, Mattina A, Bertuzzi F, Fabbri A, 
Baidal D, Alejandro R. The Role of Vitamin D and 
Omega-3 PUFAs in Islet Transplantation. Nutri-
ents 2019; 11: 2937. 

 86) Calabrese CM, Valentini A, Calabrese G. Gut Mi-
crobiota and Type 1 Diabetes Mellitus: The Ef-
fect of Mediterranean Diet. Front Nutr 2021; 7: 
612773. 

 87) Tański W, Świątoniowska-Lonc N, Tabin M, Jan-
kowska-Polańska B. The Relationship between 
Fatty Acids and the Development, Course and 
Treatment of Rheumatoid Arthritis. Nutrients 
2022; 14: 1030.

 88) Proudman SM, Cleland LG, Metcalf RG, Sullivan 
TR, Spargo LD, James MJ. Plasma n-3 fatty ac-
ids and clinical outcomes in recent-onset rheu-
matoid arthritis. Br J Nutr 2015; 114: 885-890.

 89) Miles EA, Calder PC. Influence of marine n-3 
polyunsaturated fatty acids on immune function 
and a systematic review of their effects on clinical 
outcomes in rheumatoid arthritis. Br J Nutr 2012; 
107 Suppl 2: S171-84. 

 90) Pedersen M, Stripp C, Klarlund M, Olsen SF, 
Tjønneland AM, Frisch M. Diet and risk of rheu-
matoid arthritis in a prospective cohort. J Rheu-
matol. 2005; 32: 1249-1252. 

 91) James M, Proudman S, Cleland L. Fish oil and 
rheumatoid arthritis: past, present and future. 
Proc Nutr Soc 2010; 69: 316-323. 

 92) Berbert AA, Kondo CR, Almendra CL, Matsuo T, 
Dichi I. Supplementation of fish oil and olive oil in 
patients with rheumatoid arthritis. Nutrition 2005; 
21: 131-136.

 93) Arriens C, Hynan LS, Lerman RH, Karp DR, Mo-
han C. Placebo-controlled randomized clinical tri-
al of fish oil’s impact on fatigue, quality of life, and 
disease activity in Systemic Lupus Erythemato-
sus. Nutr J 2015; 14: 82. 

 94) Salek M, Hosseini Hooshiar S, Salek M, Poorebra-
himi M, Jafarnejad S. Omega-3 fatty acids: Current 
insights into mechanisms of action in systemic lu-
pus erythematosus. Lupus 2023; 32: 7-22. 

 95) Bello KJ, Fang H, Fazeli P, Bolad W, Corretti M, 
Magder LS, Petri M. Omega-3 in SLE: a dou-
ble-blind, placebo-controlled randomized clinical 
trial of endothelial dysfunction and disease activ-
ity in systemic lupus erythematosus. Rheumatol 
Int 2013; 33: 2789-2796.

 96) Avanoǧlu Güler A, Rossi FW, Bellando-Randone 
S, Prevete N, Tufan A, Manetti M, de Pau-
lis A, Matucci-Cerinic M. The Role of Endoge-
nous Eicosapentaenoic Acid and Docosahexae-
noic Acid-Derived Resolvins in Systemic Sclero-
sis. Front Immunol 2020; 11: 1249. 

 97) Benvenga S, Vigo MT, Metro D, Granese R, Vita 
R, Le Donne M. Type of fish consumed and thy-
roid autoimmunity in pregnancy and postpartum. 
Endocrine 2016; 52: 120-129.

 98) Benvenga S, Vita R, Di Bari F, Granese R, Metro 
D, Le Donne M. Stable consumption of swordfish 
favors, whereas stable consumption of oily fish 
protects from, development of postpartum thy-
roiditis. Endocrine 2019; 65: 94-101. 

 99) Song J, Sun R, Zhang Y, Fu Y, Zhao D. Role of 
the Specialized Pro-resolving Mediator Resolvin 
D1 in Hashimoto’s Thyroiditis. Exp Clin Endocri-
nol Diabetes 2021; 129: 791-797. 

100) Benvenga S, Famà F, Perdichizzi LG, Antonelli A, 
Brenta G, Vermiglio F, Moleti M. Fish and the Thy-
roid: A Janus Bifrons Relationship Caused by Pol-
lutants and the Omega-3 Polyunsaturated Fatty Ac-
ids. Front Endocrinol (Lausanne) 2022; 13: 891233. 

101) Simard M, Morin S, Ridha Z, Pouliot R. Current 
knowledge of the implication of lipid mediators in 
psoriasis. Front Immunol 2022; 13: 961107. 

102) Aristotelous P, Stefanakis M, Pantzaris M, Pat-
tichis CS, Calder PC, Patrikios IS, Sakkas GK, Gi-
annaki CD. The Effects of Specific Omega-3 and 
Omega-6 Polyunsaturated Fatty Acids and Anti-
oxidant Vitamins on Gait and Functional Capacity 
Parameters in Patients with Relapsing-Remitting 
Multiple Sclerosis. Nutrients 2021; 13: 3661. 



R. Poggioli, K. Hirani, V.G. Jogani, C. Ricordi

7398

103) Parks NE, Jackson-Tarlton CS, Vacchi L, Merdad 
R, Johnston BC. Dietary interventions for multiple 
sclerosis-related outcomes. Cochrane Database 
Syst Rev 2020; 5: CD004192. 

104) Rubino F, Amiel SA, Zimmet P, Alberti G, Born-
stein S, Eckel RH, Mingrone G, Boehm B, Cooper 
ME, Chai Z, Del Prato S, Ji L, Hopkins D, Herman 
WH, Khunti K, Mbanya JC, Renard E. New-Onset 
Diabetes in Covid-19. N Engl J Med 2020; 383: 
789-790. 

105) Torrinhas RS, Calder PC, Lemos GO, Waitzberg 
DL. Parenteral fish oil: An adjuvant pharmaco-
therapy for coronavirus disease 2019? Nutrition 
2021; 81: 110900. 

106) Rogero MM, Leão MC, Santana TM, Pimentel 
MVMB, Carlini GCG, da Silveira TFF, Gonçalves 
RC, Castro IA. Potential benefits and risks of 
omega-3 fatty acids supplementation to patients 
with COVID-19. Free Radic Biol Med 2020; 156: 
190-199. 

107) Asher A, Tintle NL, Myers M, Lockshon L, 
Bacareza H, Harris WS. Blood omega-3 fatty ac-
ids and death from COVID-19: A pilot study. Pros-
taglandins Leukot Essent Fatty Acids 2021; 166: 
102250. 

108) Langlois PL, D’Aragon F, Hardy G, Manzanares 
W. Omega-3 polyunsaturated fatty acids in crit-
ically ill patients with acute respiratory distress 
syndrome: A systematic review and meta-analy-
sis. Nutrition 2019; 61: 84-92.

109) Velotti F, Costantini L, Merendino N. Omega-3 
Polyunsaturated Fatty Acids (n-3 PUFAs) for Im-
munomodulation in COVID-19 Related Acute Re-
spiratory Distress Syndrome (ARDS). J Clin Med. 
2022; 12: 304. 

110) Sedighiyan M, Abdollahi H, Karimi E, Badeli M, 
Erfanian R, Raeesi S, Hashemi R, Vahabi Z, 
Asanjarani B, Mansouri F, Abdolahi M. Omega-3 
polyunsaturated fatty acids supplementation im-
prove clinical symptoms in patients with Covid-19: 
A randomised clinical trial. Int J Clin Pract 2021; 
75: e14854.

111) Doaei S, Gholami S, Rastgoo S, Gholamalizadeh 
M, Bourbour F, Bagheri SE, Samipoor F, Akbari ME, 
Shadnoush M, Ghorat F, Mosavi Jarrahi SA, Ashou-
ri Mirsadeghi N, Hajipour A, Joola P, Moslem A, 
Goodarzi MO. The effect of omega-3 fatty acid sup-
plementation on clinical and biochemical param-
eters of critically ill patients with COVID-19: a ran-
domized clinical trial. J Transl Med 2021; 19: 128. 

112) Lira Marcial E, García-Montalvo IA, Contre-
ras Oliveros MLÁ, Macías Moreno M. La suple-
mentación parenteral con ácidos grasos ome-
ga-3 EPA/DHA mejora el pronóstico de recu-
peración en los pacientes críticos [Parenteral 
supplementation with EPA/DHA omega-3 fatty 
acids improves recovery prognosis in critically ill 
patients]. Nutr Hosp 2023; 40: 3-12. Spanish.

113) Hakola L, Oikarinen M, Niinistö S, Cuthbertson 
D, Lehtonen J, Puustinen L, Sioofy-Khojine AB, 
Honkanen J, Knip M, Krischer JP, Erlund I, Hyöty 
H, Virtanen SM; TRIGR Investigators. Serum 
25-hydroxyvitamin D and fatty acids in relation to 
the risk of microbial infections in children: The TRI-
GR Divia study. Clin Nutr 2022; 41: 2729-2739.

114) Husson MO, Ley D, Portal C, Gottrand M, Hue-
so T, Desseyn JL, Gottrand F. Modulation of host 
defence against bacterial and viral infections by 
omega-3 polyunsaturated fatty acids. J Infect 
2016; 73: 523-535. 

115) Goc A, Niedzwiecki A, Rath M. Polyunsaturated ω-3 
fatty acids inhibit ACE2-controlled SARS-CoV-2 bind-
ing and cellular entry. Sci Rep 2021; 11: 5207. 

116) Vivar-Sierra A, Araiza-Macías MJ, Hernán-
dez-Contreras JP, Vergara-Castañeda A, 
Ramírez-Vélez G, Pinto-Almazán R, Salazar JR, 
Loza-Mejía MA. In Silico Study of Polyunsaturat-
ed Fatty Acids as Potential SARS-CoV-2 Spike 
Protein Closed Conformation Stabilizers: Epide-
miological and Computational Approaches. Mol-
ecules 2021; 26: 711. 

117) Calder PC, Carr AC, Gombart AF, Eggersdorfer M. 
Optimal Nutritional Status for a Well-Functioning 
Immune System Is an Important Factor to Protect 
against Viral Infections. Nutrients 2020; 12: 1181. 

118) Jouris KB, McDaniel JL, Weiss EP. The Effect of 
Omega-3 Fatty Acid Supplementation on the In-
flammatory Response to eccentric strength exer-
cise. J Sports Sci Med 2011; 10: 432-438. 

119) Ishida T, Yuzawa Y, Hamasaki K, Harada T, Sugano 
M. Omega-3 fatty acid supplementation improves 
liver function and reduces ferritin levels in patients 
with chronic hepatitis C. Journal of nutritional sci-
ence and Vitaminology 2012; 58: 213-218.

120) Yan W, Byrnes JR, Miller JI. Omega-3 fatty acids 
supplementation decreases sepsis-induced mor-
tality and decreases tissue inflammation. Journal 
of Surgical Research 2018; 222: 219-224.

121) Hutchinson AN, Tingö L, Brummer RJ. The Po-
tential Effects of Probiotics and ω-3 Fatty Acids 
on Chronic Low-Grade Inflammation. Nutrients 
2020; 12: 2402.

122) Zhu X, Bi Z, Yang C, Guo Y, Yuan J, Li L, Guo Y. 
Effects of different doses of omega-3 polyunsatu-
rated fatty acids on gut microbiota and immunity. 
Food Nutr Res 2021; 65.

123) Companys J, Calderón-Pérez L, Pla-Pagà L, Llau-
radó E, Sandoval-Ramirez BA, Gosalbes MJ, Ar-
regui A, Barandiaran M, Caimari A, Del Bas JM, 
Arola L, Valls RM, Solà R, Pedret A. Effects of en-
riched seafood sticks (heat-inactivated B. animalis 
subsp. lactis CECT 8145, inulin, omega-3) on car-
diometabolic risk factors and gut microbiota in ab-
dominally obese subjects: randomized controlled 
trial. Eur J Nutr 2022; 61: 3597-3611.

124) Vijay A, Astbury S, Le Roy C, Spector TD, Valdes 
AM. The prebiotic effects of omega-3 fatty acid 
supplementation: A six-week randomised inter-
vention trial. Gut Microbes 2021; 13: 1-11. 

125) Guo XF, Wang C, Yang T, Ma WJ, Zhai J, Zhao T, 
Xu TC, Li J, Liu H, Sinclair AJ, Li D. The effects of 
fish oil plus vitamin D3 intervention on non-alco-
holic fatty liver disease: a randomized controlled 
trial. Eur J Nutr 2022; 61: 1931-1942. 

126) Musazadeh V, Karimi A, Malekahmadi M, Ahrabi 
SS, Dehghan P. Omega-3 polyunsaturated fatty 
acids in the treatment of non-alcoholic fatty liver 
disease: An umbrella systematic review and me-
ta-analysis. Clin Exp Pharmacol Physiol 2023; 50: 
327-334. 



Modulation of inflammation and immunity by Omega-3 fatty acids

7399

127) Lian M, Luo W, Sui Y, Li Z, Hua J. Dietary n-3 PU-
FA Protects Mice from Con A Induced Liver Inju-
ry by Modulating Regulatory T Cells and PPAR-γ 
Expression. PLoS One 2015; 10: e0132741.

128) Bakhshi TJ, Way T, Muncy B, Georgel PT. Effects 
of the omega-3 fatty acid DHA on histone and 
p53 acetylation in diffuse large B cell lymphoma. 
Biochem Cell Biol 2023; 101: 172-191. 

129) D’Eliseo D, Di Renzo L, Santoni A, Velotti F. Do-
cosahexaenoic acid (DHA) promotes immuno-
genic apoptosis in human multiple myeloma cells, 
induces autophagy and inhibits STAT3 in both tu-
mor and dendritic cells. Genes Cancer 2017; 8: 
426-437. 

130) Abbas A, Witte T, Patterson WL 3rd, Fahrmann 
JF, Guo K, Hur J, Hardman WE, Georgel PT. 
Epigenetic Reprogramming Mediated by Mater-
nal Diet Rich in Omega-3 Fatty Acids Protects 
From Breast Cancer Development in F1 Off-
spring. Front Cell Dev Biol 2021; 9: 682593.

131) Norat T, Bingham S, Ferrari P, Slimani N, Jenab 
M, Mazuir M, Overvad K, Olsen A, Tjønneland A, 
Clavel F, Boutron-Ruault MC, Kesse E, Boeing H, 
Bergmann MM, Nieters A, Linseisen J, Trichopou-
lou A, Trichopoulos D, Tountas Y, Berrino F, Palli 
D, Panico S, Tumino R, Vineis P, Bueno-de-Mes-
quita HB, Peeters PH, Engeset D, Lund E, Skeie 
G, Ardanaz E, González C, Navarro C, Quirós JR, 
Sanchez MJ, Berglund G, Mattisson I, Hallmans 
G, Palmqvist R, Day NE, Khaw KT, Key TJ, San 
Joaquin M, Hémon B, Saracci R, Kaaks R, Riboli 
E. Meat, fish, and colorectal cancer risk: the Euro-
pean Prospective Investigation into cancer and nu-
trition. J Natl Cancer Inst 2005; 97: 906-916. 

132) Kleckner AS, Culakova E, Kleckner IR, Belcher EK, 
Demark-Wahnefried W, Parker EA, Padula GDA, 
Ontko M, Janelsins MC, Mustian KM, Peppone LJ. 
Nutritional Status Predicts Fatty Acid Uptake from 
Fish and Soybean Oil Supplements for Treatment 
of Cancer-Related Fatigue: Results from a Phase II 
Nationwide Study. Nutrients 2021; 14: 184.

133) Kapoor K, Alfaddagh A, Al Rifai M, Bhatt DL, 
Budoff MJ, Nasir K, Miller M, Welty FK, McEv-
oy JW, Dardari Z, Shapiro MD, Blumenthal RS, 
Tsai MY, Blaha MJ. Association Between Ome-
ga-3 Fatty Acid Levels and Risk for Incident Ma-
jor Bleeding Events and Atrial Fibrillation: MESA. 
J Am Heart Assoc 2021; 10: e021431. 

134) Jeansen S, Witkamp RF, Garthoff JA, van Hel-
voort A, Calder PC. Fish oil LC-PUFAs do not af-
fect blood coagulation parameters and bleeding 
manifestations: Analysis of 8 clinical studies with 
selected patient groups on omega-3-enriched 
medical nutrition. Clin Nutr 2018; 37: 948-957. 

135) Zheng JS, Hu XJ, Zhao YM, Yang J, Li D. Intake 
of fish and marine n-3 polyunsaturated fatty acids 
and risk of breast cancer: meta-analysis of data 
from 21 independent prospective cohort studies. 
BMJ 2013; 346: f3706. 

136) Brasky TM, Darke AK, Song X, Tangen CM, 
Goodman PJ, Thompson IM, Meyskens FL Jr, 
Goodman GE, Minasian LM, Parnes HL, Klein 
EA, Kristal AR. Plasma phospholipid fatty acids 
and prostate cancer risk in the SELECT trial. J 
Natl Cancer Inst 2013; 105: 1132-1141. 

137) DiNicolantonio JJ, McCarty MF, Lavie CJ, O’Keefe 
JH. Do omega-3 fatty acids cause prostate can-
cer? Mo Med 2013; 110: 293-295.

138) Bilodeau JF, Gevariya N, Larose J, Robitaille K, 
Roy J, Oger C, Galano JM, Bergeron A, Durand 
T, Fradet Y, Julien P, Fradet V. Long chain ome-
ga-3 fatty acids and their oxidized metabolites are 
associated with reduced prostate tumor growth. 
Prostaglandins Leukot Essent Fatty Acids 2021; 
164: 102215. 

139) Li WL, Zhang NH, Ge SW, Xu G. Dietary Ome-
ga-3 Fatty Acid Intake and Mortality in CKD Pop-
ulation: A 1999-2014 NHANES Analysis. Am J 
Nephrol 2021;52: 909-918.

140) Fazelian S, Moradi F, Agah S, Hoseini A, Heydari 
H, Morvaridzadeh M, Omidi A, Pizarro AB, Gha-
fouri A, Heshmati J. Effect of omega-3 fatty ac-
ids supplementation on cardio-metabolic and ox-
idative stress parameters in patients with chron-
ic kidney disease: a systematic review and me-
ta-analysis. BMC Nephrol 2021; 22: 160. 

141) Ong KL, Marklund M, Huang L, Rye KA, Hui N, 
Pan XF, Rebholz CM, Kim H, Steffen LM, van 
Westing AC, Geleijnse JM, Hoogeveen EK, Chen 
YY, Chien KL, Fretts AM, Lemaitre RN, Imamura 
F, Forouhi NG, Wareham NJ, Birukov A, Jäger S, 
Kuxhaus O, Schulze MB, de Mello VD, Tuomile-
hto J, Uusitupa M, Lindström J, Tintle N, Harris 
WS, Yamasaki K, Hirakawa Y, Ninomiya T, Tana-
ka T, Ferrucci L, Bandinelli S, Virtanen JK, Vou-
tilainen A, Jayasena T, Thalamuthu A, Poljak A, 
Bustamante S, Sachdev PS, Senn MK 2nd, Rich 
SS, Tsai MY, Wood AC, Laakso M, Lankinen M, 
Yang X, Sun L, Li H, Lin X, Nowak C, Ärnlöv J, 
Risérus U, Lind L, Le Goff M, Samieri C, Helmer 
C, Qian F, Micha R, Tin A, Köttgen A, de Boer IH, 
Siscovick DS, Mozaffarian D, Wu JH. Association 
of omega 3 polyunsaturated fatty acids with inci-
dent chronic kidney disease: pooled analysis of 
19 cohorts. BMJ 2023; 380: e072909. 

142) Mattinzoli D, Turolo S, Alfieri CM, Ikehata M, 
Caldiroli L, Armelloni S, Montini G, Agostoni C, 
Messa P, Vettoretti S, Castellano G. MCP1 Could 
Mediate FGF23 and Omega 6/Omega 3 Correla-
tion Inversion in CKD. J Clin Med 2022; 11: 7099. 

143) Liu R, Jiang J, Fu Z, Liu C, Yao L, Quan H. Ef-
fects of Omega-3 Fatty Acid Intake in Patients 
Undergoing Dialysis: A Systematic Review and 
Meta-Analysis of Randomized Controlled Trials. J 
Am Nutr Assoc 2022; 41: 697-712. 

144) Xu D, Lu Y, Yang X, Pan D, Wang Y, Yin S, Wang 
S, Sun G. Effects of fish oil-derived n-3 polyun-
saturated fatty acid on body composition, muscle 
strength and physical performance in older peo-
ple: a secondary analysis of a randomised, dou-
ble-blind, placebo-controlled trial. Age Ageing 
2022; 51: afac274.

145) Boyd JT, LoCoco PM, Furr AR, Bendele MR, 
Tram M, Li Q, Chang FM, Colley ME, Samenuk 
GM, Arris DA, Locke EE, Bach SBH, Tobon A, 
Ruparel SB, Hargreaves KM. Elevated dietary 
ω-6 polyunsaturated fatty acids induce reversible 
peripheral nerve dysfunction that exacerbates co-
morbid pain conditions. Nat Metab 2021; 3: 762-
773. 



R. Poggioli, K. Hirani, V.G. Jogani, C. Ricordi

7400

146) Maroon JC, Bost JW. Omega-3 fatty acids (fish 
oil) as an anti-inflammatory: an alternative to non-
steroidal anti-inflammatory drugs for discogenic 
pain. Surg Neurol 2006; 65: 326-331.

147) Yu WY, He DW. Current trends in spinal cord in-
jury repair. Eur Rev Med Pharmacol Sci 2015; 19: 
3340-4.

148) Xu ZZ, Zhang L, Liu T, Park JY, Berta T, Yang R, 
Serhan CN, Ji RR. Resolvins RvE1 and RvD1 at-
tenuate inflammatory pain via central and periph-
eral actions. Nat Med 2010; 16: 592-7, 1p follow-
ing 597. 

149) Sommer C, Birklein F. Fighting off pain with re-
solvins. Nat Med 2010; 16: 518-520.

150) McBurney MI, Tintle NL, Vasan RS, Sala-Vila A, 
Harris WS. Using an erythrocyte fatty acid fin-
gerprint to predict risk of all-cause mortality: the 
Framingham Offspring Cohort. Am J Clin Nutr 
2021; 114: 1447-1454.

151) Tardivo AP, Nahas-Neto J, Orsatti CL, Dias FB, 
Poloni PF, Schmitt EB, Nahas EA. Effects of ome-
ga-3 on metabolic markers in postmenopaus-
al women with metabolic syndrome. Climacteric 
2015; 18: 290-298.


