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Purpose of review

Oral intake of n (omega)-3 polyunsaturated fatty acids (PUFAs) is associated with changes to gut microbiota.
We review recent findings from 2024 onwards, which build the scientific case that changes to bacterial
abundance, and their metabolites, contribute to the health benefits associated with n-3 PUFAs.

Recent findings

There are now multiple studies in rodent disease models that demonstrate that n-3 PUFAs do not significantly
alter bacterial diversity but, instead, alter abundance of several species that are implicated in short-chain
fatty acid synthesis, in a model-specific manner. Limited intervention studies in humans, backed by larger
observational studies, concur with the preclinical findings. Importantly, faecal transplantation experiments
have confirmed that n-3 PUFA-induced changes to gut microbiota are causally related to reversal of the
disease phenotype in two rodent models. In-vitro colonic models are now being used to understand the
mechanism(s) underlying n-3 PUFA-induced changes to the gut microbiota and metabolome.

Summary

Despite emerging proof that the gut microbiota contributes to n-3 PUFA activity in animal models, human
data are sparse. It remains unclear how n-3 PUFAs affect changes to the gut microbiota or whether n-3
PUFA metabolism by gut microbes contributes to the host metabolome.
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Treatment with high-dose n (omega)-3 polyunsatu-
rated fatty acids (PUFAs) eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) is licensed for car-
diovascular risk reduction in high-risk individuals
and in individuals with resistant hypertriglyceridae-
mia in many countries [1]. Supplementation with
these n-3 PUFAs may also be beneficial for a wide
range of other noncommunicable diseases (NCDs),
including cancer, metabolic diseases, arthritis and
neurodegenerative conditions [2].

However, the mechanism(s) by which EPA and
DHA, as well as more complex n-3 PUFA oil mixtures,
impact on wide-ranging human pathologies remains
poorly delineated. An overarching concept is that
EPA and DHA are anti-inflammatory, acting directly
on target tissues or indirectly by modulation of the
host immune response. This may occur via inhibi-
tion of pro-inflammatory lipid mediator signalling
controlled by cyclooxygenases and lipoxygenases
and/or secondary to production of so-called speci-
alised pro-resolving mediators (SPMs) such as resol-
vins, protectins and maresins [2].

With the explosion of interest and published
work on the role of gut microbiota on pathogenesis
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of diverse NCDs, including cancer, neurodegenera-
tive conditions such as Parkinson's disease and Alz-
heimer's disease, psychiatric illness, including
bipolar disorder, and metabolic disorders including
metabolic-associated steatotic liver disease [3-5],
research has been directed towards investigation of
whether some or all of the beneficial effects of n-3
PUFAs are explained by modulation of gut micro-
biota.

Initial studies in rodent models and humans
demonstrated that dietary and pharmacological sup-
plementation with n-3 PUFAs was associated with a
small but consistent shift in the gut microbiome in
favour of bacteria predicted to generate short-chain
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KEY POINTS

e Faecal transplantation studies in rodents have proved
that n-3 PUFA-induced changes to the gut microbiota
explain, at least partly, the reversal in disease
phenotype by oral n-3 PUFA intake. Further
confirmatory, mechanistic studies are required to
confirm independence from indirect host effects of n-3
PUFAs from the faecal transplant material itself.

e Preclinical data remain compatible with the hypothesis
that alterations to gut microbiota abundance drive
microbial synthesis of short-chain fatty acids, which
underlie the beneficial local (gastrointestinal) and
systemic effects of n-3 PUFAs.

e n-3 PUFA infervention trials and observational studies of
n-3 PUFA levels in humans are compatible with
preclinical studies and suggest increased abundance of
‘beneficial’ bacterial species linked to n-3 PUFA intake
and levels.

e In the absence of faecal lipidomic studies, in-vitro colonic
models are increasingly being utilised to understand the
metabolic fate of -3 PUFAs and the effect of n-3 PUFAs

on specific bacterial taxa in the gut lumen.

e Research into the effect of n-3 PUFAs on gut fungi and
viruses is in its infancy but is required to gain a
complete picture of n-3 PUFA-gut microbiota
interactions.

fatty acids (SCFAs) [6,7], which are thought to under-
lie beneficial effects on gut mucosal integrity and
immune-regulation [8,9%].

Herein, we review latest findings that are begin-
ning to uncover a causal link between gut microbiota
changes and benefits from n-3 PUFA intake in animal
models, that further define the changes to the faecal
microbiome associated with n-3 PUFA use in
humans, and that are starting to shed light on
how oral intake of n-3 PUFAs leads to changes to
the gut microbiome.

Latest data on faecal bacterial microbiota changes
are associated with oral n-3 PUFA intake.

A systematic review published in 2025 described 32
preclinical studies in which the effect of a n-3 PUFA
intervention (including complex fish oil or perilla oil
n-3 PUFA mixtures, or purified EPA and DHA for-
mulations) on the faecal microbiota profile was
investigated in animals receiving a high-fat diet
(HFD) driving diet-induced obesity (DIO) [10™]. All
the individual studies that were identified up until
mid-2025 used 16S rRNA characterisation of the
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faecal microbiome [10*"]. Despite marked heteroge-
neity in study design, including the quantity and
mixture of n-3 PUFAs in the diet, there was consistent
reversal of the ‘dysbiosis’ associated with the HFD
with a decrease in the Firmicutes/Bacteroidetes (F/B)
ratio in the presence of dietary n-3 PUFA supplemen-
tation [10™*]. There was also a study-specific increase
in abundance of ‘beneficial’ species including Akker-
mansia muciniphila and reduced abundance of taxa
considered to be pro-inflammatory such as Desulfo-
vibrio [10*"]. Similar observations have been reported
by Li ef al. [11] using a flaxseed (rich in n-3 PUFA
alpha-linolenic acid [ALA]) intervention in a mouse
HFD-induced obesity model. A clear limitation of
these studies that investigated the effect of n-3 PUFA
supplementation in the context of obesity-related
dysbiosis has been almost complete reliance on a
single mouse genetic background (C57B1/6) preclud-
ing an understanding of the effect of oral n-3 PUFA
intake in mouse models with different genetic back-
grounds that display differential host immune sys-
tem profiles. In a single study using male Jcl:ICR
mice, a perilla seed oil (rich in ALA) intervention
(and control fish oil intervention) abrogated the
reduction in microbial diversity that accompanied
azoxymethane-dextran sodium sulphate-induced
intestinal tumorigenesis [12].

The systematic review of studies, which included
reports dating back to 2016, highlighted that there is
no consistent effect of dietary n-3 PUFAs on alpha- or
beta-diversity of the HFD-associated faecal micro-
biome [10**]. The results of a 2025 study by Portela
et al. [13] concurred with this conclusion and impor-
tantly provided data on the lack of any dose-depend-
ency of the changes to the gut microbiome related to
proportion of n-3 PUFAs in the diet of male C57Bl/6
mice fed a HFD. This study also delineated an
increase in regulatory T cells in visceral adipose tissue
associated with dietary n-3 PUFA supplementation in
a DIO model [13].

Bourragat and colleagues [14,15"] recently
extended their previous study of protection from
DIO by transplantation of caecal microbiota of fat-
1 transgenic mice, which have high tissue levels of n-
3 PUFAs. Their latest caecal microbiota transplanta-
tion experiments (this time, performed in the
absence of antibiotic pretreatment of recipient
wild-type mice) confirmed that fat-1 caecal micro-
biota provided partial protection against DIO and
glycaemic control in wild-type mouse recipients and
decreased colonic mucus disruption, but did affect
lipopolysaccharide endotoxaemia [15%]. More
detailed microbiome analysis demonstrated that
fat-1 microbiota transplantation was associated with
increased abundance of Bilophila and genera from
the Ruminococcaceae family predicted to be SCFA

Volume 29 e Number 2 e March 2026



producers [15%]. Overall, these important studies
confirm a causal relationship between altered gut
microbiota associated with high host tissue n-3 PUFA
levels and the beneficial effects of n-3 PUFAs on the
DIO phenotype. Huang et al. [16] used a rat model of
acne vulgaris and reported that transplantation of
the gut microbiota from animals exposed to n-3
PUFAs by oral gavage to untreated recipient rats
decreased experimental acne endpoints. Further
gut microbiota transplantation studies after oral sup-
plementation with n-3 PUFAs in rodent models are
awaited to confirm that protection from disease
phenotypes by oral intake of n-3 PUFAs is explained,
at least partly, by changes to the gut microbiota, as
opposed to direct systemic effects of the n-3 PUFAs
themselves. Of note, the published faecal transplant
studies have not ruled out systemic effects of n-3
PUFAs transferred from the transplant inoculum
itself [15%,16].

Modulation of mouse gut microbiota by n-3
PUFA supplementation has also been studied in
the context of other human disease models. In con-
trast to mouse DIO models (predominantly using
male animals), female transgenic APP/PS1 mice (a
model of Alzheimer's disease) receiving a relatively
small amount (0.3% w/w in chow) of dietary EPA
displayed an increase in abundance of Firmicutes and
decrease in Bacteroidetes phyla (the opposite of
changes to the F/B ratio in DIO models) compared
with animals receiving control chow for 3 weeks [17].
Moreover, both fish oil and a microalgal supplement
(rich in EPA) were associated with an increase in the
F/B ratio in a rat CCl4-induced liver fibrosis model
[18]. The difference in gut microbiota changes in DIO
models compared with other disease models high-
lights the likely importance of background diet on
changes to the mouse gut microbiome associated
with n-3 PUFA supplementation. Treatment with
EPA has also been shown to reduce prostate tumour
cell growth and confer changes to the gut microbiota
(with a prominent reduction in Ruminococcaceae fam-
ily abundance) in C57Bl/6 mice [19].

Several other recent reports have detailed the
effect of a n-3 PUFA intervention in combination
with another agent in a rodent model, including a
plant extract (in a mouse D-galactose accelerated
ageing model) and vitamin D (in a rat DIO model)
[20,21].

Relatively few human studies have been performed,
to date. Of note, the OCEAN randomised, placebo-
controlled trial of 3360 mg mixed EPA and DHA ethyl
esters daily for 12 weeks in 309 Chinese participants
with type 2 diabetes and hypertriglyceridaemia
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included detailed characterisation of the faecal
microbiome by metagenomic sequencing, as a sec-
ondary outcome [22""]. Consistent with the findings
from DIO models in rodents, there were no signifi-
cant changes in alpha or beta-diversity during the
trial [22""]. There were also no clear differences in
individual taxa compared with findings prior to the
intervention in participants randomised to either n-3
PUFAs or corn oil placebo [22"]. However, the base-
line faecal microbiota profile predicted the triglycer-
ide-lowering effect of n-3 PUFAs more strongly than
either baseline clinical phenotype or fasting serum
lipid profile [22™].

Another human faecal microbiome study of oral
n-3 PUFA supplementation published in the previous
18 months was a crossover study in which 35 healthy
adults were randomised to receive either a combina-
tion of fermentable fibre and high-dose (7.7 g per
day) fish oil for 30days or its comparator (maltodex-
trin and corn oil) for 30days, separated by a 60-day
washout period before each participant received the
other intervention [23]. This study revealed differ-
ences in the faecal microbiome between the two
interventions in individual volunteers (beta-diver-
sity) [23], similar to a previous crossover trial of n-
3 PUFA treatment in healthy volunteers [7], with the
caveat that the individual contributions of the fibre
and n-3 PUFA components of the intervention could
not be distinguished by Moosavi et al. [23]. These
studies highlight the ability of the crossover trial
design to detect small intra-individual changes in
the faecal microbiome associated with n-3 PUFA
supplementation, on a background of much larger
variability in the gut microbiota that exists between
individuals. Consistent with previous data [7], 16S
rRNA sequencing revealed an increase in abundance
of taxa predicted to synthesise SCFAs associated with
the combination fibre and n-3 PUFA intervention
[23]. Huang et al. [16] reported a randomised trial of
mixed n-3 PUFAs (2.4 g daily for 12 weeks) versus no
added treatment in 46 isotretinoin-treated acne vul-
garis patients that described changes to the gut
microbiota at the end of the treatment period that
included an increase in microbiota diversity between
individuals, as well as increased abundance of Cop-
rococcus, Eubacterium and Intestinibacter genera, com-
pared with baseline findings.

Another noteworthy human observational study
of 250 Chinese mother-infant pairs reported that a
high breast milk n-6 PUFA arachidonic acid concen-
tration (and, conversely, low EPA and DHA concen-
tration) were associated with gut microbiota
‘dysbiosis’ and increased risk of atopic dermatitis
in infants [24"]. Accompanying mechanistic studies
demonstrated that intra-gastric arachidonic acid
administration exacerbated atopic dermatitis-like
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skin inflammation and gut microbiota dysbiosis in
mice, but that EPA administration did not abrogate
skin inflammation compared with control animals,
which did not receive PUFA treatment [24%]. A
smaller observational breast-feeding mother-infant
study of the gut microbiome related to gestational
diabetes revealed an inverse relationship between gut
bacterial phyla abundance (including Acidobacter-
iota and Gemmatimonadota) and breast milk total n-
3 PUFAs levels [25].

In-vitro colonic (also known as faecal fermentation)
models facilitate detailed investigation of the time-
course and dose-dependency of the effect of n-3
PUFAs on the faecal microbiota, albeit with potential
limitations related to accurate modelling of colonic
physiology and luminal bioavailability of nutrients
in both static (single reaction chamber) and dynamic
(multiple linked reaction chambers mimicking
regional differences in physiology) models [26]. Sal-
sinha et al. [27] used a static faecal fermentation
model and gastrointestinal digestion protocol (in
order to mimic prior passage of nutrients through
the gastrointestinal tract prior to colonic luminal
exposure) to test the effect of menhaden fish oil
and a concentrated EPA and DHA formulation on
selected bacterial taxa in fermentation reactions
derived from five healthy human donors [27], fol-
lowing earlier work using rat faecal fermentations
[28]. During 48-h fermentations, there were only
small changes in bacterial abundance in fish oil
and EPA/DHA reactions (containing effective EPA
and DHA concentrations between 10 and 40pg/ul)
compared with the changes observed with the fruc-
tooligosaccharide control, with the most prominent
increase in abundance observed for Akkermansia spe-
ciesat 24 h [27]. Roussel and colleagues have reported
the use of the dynamic Simulator of the Human
Intestinal Microbial Ecosystem (SHIME) model to
study the effects of mixed EPA and DHA triglycerides
(n=1 donor) [29], and subsequently of Buglossoides
arvensis oil, which is rich in n-3 PUFA stearidonic acid
(n=4 donors), on microbial communities along the
modelled GI tract [30]. The SHIME model high-
lighted the increase in abundance of Akkermansia
muciniphila associated with addition of EPA and
DHA to the model, in a gastrointestinal tract location
(transverse and descending colon vessels) and niche
(luminal mucin-associated)-dependent manner [29].
Similar findings were associated with the presence of
Buglossoides arvensis oil [30]. Both interventions were
associated with a small, specific increase in the con-
centration of SCFA propionate at the end of the 7-day
test period [29,30]. Similar findings linked to the
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presence of EPA and DHA (in separate reactions),
with elevated SCFA concentrations associated with
an increased F/B ration and increased abundance of
bacterial taxa including Veillonella, were reported in
an independent SHIME model experiment that used
faeces from only one donor [31].

In a novel study, Xiao et al. [32"] investigated the
relationship between the abundance of faecal fungal
genera, identified from a discovery cohort (n=764)
by internal transcribed spacer (ITS) 2 sequencing
[33], and plasma n-3 PUFA levels in three other small,
disparate validation cohorts [32"]. Four fungal genera
were inversely associated with plasma total n-3 PUFA
levels [32%]. Secondary observations revealed the
relationship between individual fungal genera abun-
dance and both glycaemic control and diagnosis of
type 2 diabetes [32%]. Another study has reported
changes in the gut mycobiome associated with oral
administration (by gavage) of EPA and DHA ethyl
esters in male C57Bl1/6 mice, alongside gut bacterial
abundance measured by 16S rRNA sequencing [34].
Exposure to oral n-3 PUFAs was associated with
reduced abundance of potentially pathogenic fungal
taxa Aspergillus and Penicillium [34]. Correlation anal-
ysis suggested a relationship between abundance of
specific bacterial and fungal taxa but stopped short of
proof of any causal bacterial-fungal relationship [34].
These preliminary observational data on a possible
link between n-3 PUFA status and the gut myco-
biome should stimulate further investigation of a
potential role for this small, but important, compo-
nent of the gut microbiota in mediating the health
benefits of n-3 PUFAs [97].

The authors are unaware of any published work
on the relationship between n-3 PUFAs, the gut
virome and human disease despite increased under-
standing of the interplay between the gut viruses,
bacterial components of the microbiota and disease
pathogenesis [35]. This is clearly an important area
for future research.

After initial characterisation of the effect of n-3 PUFA
intake on the gut microbiota composition in animal
models and in humans, attention is now increasingly
turning to investigation of accompanying faecal
metabolomic changes that may underlie the benefi-
cial effects of n-3 PUFAs on gut microbiota com-
position (Fig. 1). Experiments have focussed on
colonic SCFA production consistent with the notion
that SCFAs, particularly propionate and butyrate,
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Bacterial metabolites

SCFAs
Bile acids o

amino acid derivatives

EPA/DHA

oxylipins ?

Interplay between luminal n-3 PUFAs, the intestinal microbiota and the bacterial/host metabolome. The two main
bioactive n-3 PUFAs EPA and DHA are bioavailable in the intestinal lumen via dietary (mainly oily fish) and/or nutritional
supplement use, if they have avoided absorption in the proximal small intestine (1). Alternatively, EPA and DHA that have
already been systemically absorbed and then incorporated in tissues may become bioavailable in the Gl tract lumen through
enterocyte shedding and breakdown (2). It is not known whether de-novo synthesis of EPA and DHA by gut microbiota occurs
from shorter-chain n-3 PUFAs including alpha-linolenic acid. Evidence from in-vitro colonic models and descriptive studies of the
faecal microbiome in humans suggests that n-3 PUFAs alter the abundance of bacterial taxa (3), thereby modifying the intestinal
bacterial metabolome (4). A valid hypothesis is that at least some of the health benefits of n-3 PUFAs in the human host are
explained by systemic absorption and activity of bacterial metabolites such as SCFAs, including butyrate, and amino acid
metabolites (5). EPA and DHA could also be metabolised by bacteria to oxylipins that may have local intestinal activity and/or
act systemically after absorption (6). Created in https://BioRender.com.

modulate the immune response [8] and have neuro-
protective properties [36], in addition to undoubted
local effects on the gut mucosal barrier [9%,37]. Direct
SCFA measurements in in-vitro models and bacterial
metagenomic data from human studies are consistent
with promotion of colonic SCFA production as an
important consequence of gut microbiota changes
induced by oral n-3 PUFA intake [23,29]. An important
area for future health research is to determine whether
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combined intake of dietary fibres (the substrates for
bacterial SCFA production) can augment the effect of
n-3 PUFAs on the abundance of gut bacteria that
produce SCFAs.

Recent reviews have highlighted the significant
contribution of many gut bacterial metabolites to the
host metabolome [38,39]. Other gut microbial metab-
olites that may be impacted by the alteration in gut
microbiota abundance associated with n-3 PUFA use
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include trimethylamine-N-oxide (TMAQ) and secon-
dary bile acid metabolites, which are considered to be
deleterious for cardiovascular health [4,9%].

The effect of the gut microbiota on host tissue
PUFA content and oxylipin levels has yet to be
delineated (Fig. 1). Further work is required to under-
stand a potential link between the gut microbiota (and
probiotic interventions) and mammalian cell PUFA
levels that was initially described over 15 years ago [40].

In-vitro colonic models have recently provided new
insights into the metabolic fate of EPA and DHA that
are present in the colon. The concentration of most
fatty acids (including n-3 PUFAs) decreased in a time-
dependent manner over 48 h in a static fermentation
model [27]. However, EPA and DHA free fatty acid
(FFA) levels in the vessels that represent different
regions of the distal GI tract in the SHIME model
tended to increase over time, which the authors
suggested was due to FFA release from triglycerides
occurring in the modelled proximal gastrointestinal
tract [29].

Data from the in-vitro SHIME model have sug-
gested that EPA and DHA undergo limited metabo-
lism to monohydroxylated oxylipins such as 15-
HEPE and 18-HEPE without downstream metabolism
to other bioactive oxylipins such as resolvins [41].
Detailed lipidomic studies of intestinal content
throughout the length of the gastrointestinal tract
are required to understand the metabolic fate of n-3
PUFAs inside the gastrointestinal lumen and the
relationship of microbiota-derived oxylipins to the
circulating and tissue lipidome in humans (Fig. 1).

Some gut bacterial species, including Bifidobacte-
rium species, can convert n-6 PUFA linoleic acid to
conjugated isomers termed conjugated linoleic acid
(CLA), which have experimental anticancer activity
[42,43]. It is currently unclear whether bacterial
metabolism of n-3 ALA to conjugated linolenic acids
is relevant to the bioactivity of oils that contain
significant amounts of ALA.

Despite an increasing body of observational evidence
that oral n-3 PUFA administration is associated with
changes to rodent and human gut microbiota com-
position and metabolic activity, there is only rudi-
mentary understanding of how n-3 PUFAs have these
effects (Fig. 1). Central to understanding mechanism
(s) is delineation of whether n-3 PUFAs act directly on
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bacterial populations in the gut lumen (entering the
distal gut lumen after incomplete proximal absorp-
tion of orally administered n-3 PUFAs or secondary to
enterocyte shedding after systemic absorption and
tissue uptake) as opposed to indirectly via modula-
tion of host gastrointestinal mucosal immunity-
microbiota interplay (Fig. 1). Careful kinetic tracer
studies and specific gastrointestinal n-3 PUFA deliv-
ery methods (bypassing physiological upper small
bowel absorption of n-3 PUFAs) will be required to
understand the origin of luminal n-3 PUFAs and
complex interplay between n-3 PUFAs and multiple
bacterial taxa in vivo. Better understanding of the
origin and levels of individual n-3 PUFAs in the
lumen of different parts of the gastrointestinal tract
will facilitate design of studies that determine exactly
how PUFAs interact with the gut microbiota, build-
ing on historical data from the 1970's onwards, as
well as a more recent report, that n-3 PUFA FFAs have
direct bacterio-static/cidal properties in vitro[44].

Evidence continues to build from rodent models, in-
vitro experiments using human faecal samples, and
human observational studies that oral n-3 PUFA intake
is associated with changes to the gut microbiota that
are predicted to be beneficial for health. Currently,
evidence that the gut microbiota contributes to the
health benefits attributed to n-3 PUFAs, as opposed to
systemic activity of n-3 PUFAs following gastrointesti-
nal absorption, is limited to faecal transplant experi-
ments in rodents. It remains unclear how n-3 PUFAs
affect changes to the gut microbiota or whether n-3
PUFA metabolism by gut microbes contributes to the
host metabolome. Therefore, evidence currently falls
short of that needed to define n-3 PUFAs as prebiotic
according to the working definition of the Interna-
tional Scientific Association of Probiotics and Prebiotics
(ISAPP), ‘a substrate that is selectively utilised by host
microorganisms conferring a health benefit’ (https://
isappscience.org/for-scientists/resources/prebiotics/,
accessed 27 August 2025). Future research priorities
include work to understand how n-3 PUFAs selectively
alter gut microbiota composition, and comparison of
the effect of oral n-3 PUFA delivery on faecal and host
metabolomes, including PUFA and oxylipin profiles.
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