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Abstract – The human intestine harbours a complex and diverse bacterial community called the gut
microbiota. This microbiota, stable during the lifetime, is specific of each individual despite the existence of
a phylogenetic core shared by the majority of adults. The influence of the gut microbiota on host’s
physiology has been largely studied using germfree animals and studies using these animal models have
revealed that the effects of lipids on host physiology are microbiota-dependent. Studies in mice have also
shown that a high-fat diet rapidly and reproducibly alters the gut microbiome. In humans, dietary fat
interventions did not lead to strong and consistent modifications of the microbiota composition.
Nevertheless, an association between total fat intake and the reduction of the microbiota richness has been
repeatedly found. Interestingly, different types of fat exert different or even opposite effects on the
microbiota. Concurrently, the gut microbiota is able to convert the lipids entering the colon, including fatty
acids or cholesterol, leading to the production of metabolites with potential health effects.
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Résumé – Les relations bidirectionnelles entre lemicrobiote intestinal et les lipides.L’intestin humain
héberge une communauté bactérienne complexe et diverse appeléemicrobiote intestinal. Cemicrobiote, stable
au cours de la vie, est spécifique à chaque individumalgré l’existence d’unnoyauphylogénétique partagé par la
majorité des adultes. L’influence dumicrobiote intestinal sur la physiologie de l’hôte a été largement étudiée en
utilisant des animaux sans germes. Ces études ont en particulier révélé que les effets des lipides sur la
physiologie de l’hôte sont dépendants du microbiote. Chez l’animal il a également été montré qu’un régime
alimentaire riche en lipides modifie rapidement et de manière reproductible le microbiote intestinal. Chez
l’homme, des études nutritionnelles impliquant des lipides n’ont pas entraîné de modifications fortes et
cohérentes de la composition dumicrobiote.Néanmoins, une association entre la consommationde lipides et la
réduction de la richesse du microbiote a été constatée à plusieurs reprises. Il est intéressant de noter que
différents types de lipides exercent des effets distincts, voire opposés, sur le microbiote. Par ailleurs, le
microbiote intestinal est capabledeconvertir les lipidesprésentsdans lecôlon, enparticulier lesacidesgrasou le
cholestérol, aboutissant à la production de métabolites ayant des effets potentiels sur la santé.

Mots clés : Microbiome / régime hyperlipidique / souris sans germes / cholestérol / acides gras
1 Introduction

The human digestive tract is home to more than
100 000 billion microorganisms, mainly bacteria and archaea,
which make up the intestinal microbiota. The microorganisms
that colonize us are responsible for many functions essential to
maintaining our health, to the point that we can consider this
microbiota as an additional organ of our body. The dialogue
that is established between this microbiota and our gut can also
be modulated by various factors, in particular food. In this
tion to the Topical Issue “Microbiota, nutrition and lipids: cons
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unrestricted use, distribution, and reproduction in any m
review, we will be particularly interested in the bidirectional
relationships between the gut microbiota and lipids.

2 The gut microbiota

Although data exist regarding gut colonization before
birth, it is widely accepted that humans’ first exposure to
microbes occurs mainly in the birth canal. At birth, newborn
babies experience rapid colonization by microbes from their
mothers and the surrounding environment. The composition of
equences on health /Microbiote, nutrition et lipides : conséquences sur
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this infant microbiota depends on various factors including the
mode of birth (cesarean section or vaginal delivery), antibiotic
treatment, diet (breastfeeding or infant formula) or environ-
mental sanitation (Palmer et al., 2007). Fluctuating at the start
of life, the assembly of the human intestinal microbiota
becomes balanced after a few years in children and then
remains relatively stable over time in healthy adults, slightly
fluctuating around an individual nucleus of stable colonizers,
in the absence of external disturbances (infections, anti-
biotics...). Then, alterations occur in old age together with
digestive physiology and diet changes (Faith et al., 2013). In
adults, diet has been demonstrated to be the factor having the
highest influence on gut microbiota composition. Other
factors, including genetics, early environmental exposures,
or lifestyle, impact gut microbiota leading to a composition
which is unique and specific of each individual.

The majority of the gut bacteria still remains impossible to
cultivate, so our understanding of this microbiota has long
been limited by technical problems. The development of
molecular tools and sequencing techniques now makes
possible a reliable evaluation of the intestinal microbiota,
showing that each gut microbiota is made up of 500 to
1000 bacterial species. Three bacterial phyla, Firmicutes,
Bacteroidetes and Actinobacteria, account for the majority of
the dominant intestinal bacteria. In addition, species belonging
to the Archae domain are present in the dominant fecal
microbiota of around half of adults in Western countries,
while the presence of fungi is also now well documented
(Knight et al., 2017). The increase in sequencing and
bioinformatics capacities has made it possible to not only
access to the type of bacterial species present but also to their
genetic content, showing that each individual harbors an
average of 500 to 600 000 bacterial genes, of which about half
are shared by most individuals (Li et al., 2014). However,
many functions are carried by the gut microbiota in only a
fraction of humans and could contribute greatly to the
metabolic diversity observed in the human population. Among
the main functions of the microbiota, the fermentation of
substrates available in the colon, the metabolism of food toxins
and carcinogens, the role of barrier to colonization by
pathogenic microorganisms, the synthesis of vitamins, the
development and maturation of the intestinal immune system
and interactions with epithelial cells help maintain the health of
the host (Gérard and Bernalier-Donadille, 2007). In addition,
imbalances in its composition (i.e. dysbiosis) have been
associated with immune disorders, susceptibility to infections,
and more recently with several non-intestinal pathologies
including cardiovascular disease, obesity, diabetes, liver
or even brain disease (Duca et al., 2014; Gérard, 2016;
Lloyd-Price et al., 2016; Safari and Gérard, 2019).

3 The gut microbiota influences the effects
of lipids on host physiology

Germ-free (GF) animal models have been used for decades
to define the consequences of the absence of gut microbiota
and therefore to establish the host physiological functions
which are influenced by these bacteria. Using these animal
models, it has been evidenced that the effects of dietary lipids
on host physiology and metabolism are microbiota dependent.
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First, in contrast to conventional mice, GF mice fed a high-fat
diet (HFD) were found protected from diet-induced obesity
(DIO) (Backhed et al., 2007). This lean phenotype was
associated with increased skeletal muscle and liver levels of
phosphorylated AMP-activated protein kinase (AMPK).
Hence, the gut microbiota may inhibit skeletal muscle fatty
acid (FA) oxidation through a metabolic pathway involving
phosphorylation of AMPK. Moreover, the gut microbiota
suppresses the expression of Angiopoietin-like 4, a circulating
inhibitor of lipoprotein lipase. Therefore, deposition of
triglycerides in adipocytes are decreased in GF mice
contributing to the lean phenotype. It was further observed
that GF mice receiving a HFD showed enhanced insulin
sensitivity with improved glucose tolerance and reduced
insulinemia in comparison to conventional mice. This was
associated with a reduced hypercholesterolemia, a moderate
accretion of hepatic cholesterol and an increase in fecal
cholesterol excretion suggesting an altered cholesterol
metabolism in GF mice (Rabot et al., 2010). However, the
absence of gut microbiota does not provide a general
protection from DIO which may depend on mice genetic
background and diet composition. Indeed, C3H GF mice were
not found resistant to the obesogenic effect of a low-sucrose,
lard-based HFD, while resistant to high sucrose, palm oil-
based HFD (Fleissner et al., 2010). Moreover, GFmice, but not
conventional mice, were DIO resistant when fed a cholesterol-
rich lard based HFD, whereas on a cholesterol-free palm oil-
based HFD, DIO was independent of the gut microbiota
(Kübeck et al., 2016). This indicates that the gut microbiota
may be responsible for the distinct effects of different fat types
on host metabolism and it was proposed that an interaction of
gut microbiota and dietary cholesterol is essential for fat
accretion in mice. This was confirmed in a study where
Conventional and GF mice were fed palm oil or lard diet
supplemented with bile acids. In combination with bile acids,
dietary lard enhanced fat mass accumulation in colonized, but
not in GF mice when compared to palm oil. This was
associated with impaired glucose tolerance, lower fasting
insulin levels, lower counts of enteroendocrine cells, and
increased steatosis (Just et al., 2018). This indicates that lard in
the diet had a detrimental impact on host metabolism when
combined with bile acids, but only in the presence of
endogenous gut microbes. This also rises the question whether
gut microbiota composition may influence the effects of lipids
on host physiology. Indeed, it has been demonstrated that
housing conditions and associated changes in gut bacterial
colonization are pivotal for maintenance of gut barrier integrity
in DIO mice (Müller et al., 2016). Also, HFD-induced glucose
intolerance has been shown to depend on the composition of
the gut microbiota while obesity did not (Rabot et al., 2016).
These studies highlight the need for taking into account both
the dietary fat source and microbiota composition when
interpreting data from diet-induced obesity models.

4 Dietary and endogenous lipids in the
intestine

The lipids contained in colonic contents derived from the
undigested residue of dietary fat, from endogenous secretions
and desquamation of colonocytes, as well as from bacterial
origins. In general, only a small proportion of the dietary fat
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consumed by humans reaches the large intestine despite huge
inter-individual variations in lipids absorption in the small
intestine. Yet, diet rich in lipids, certain clinical conditions, and
drugs that inhibit pancreatic lipases or adsorbents lead to
increased lipid flow to the large intestine. It has been estimated
that an average of 100 g of triacylglycerols (TAGs) and 4 to 8 g
of phospholipids are consumed daily in western adult
population, of which more than 75% are absorbed in the
small intestine. The amount of total lipids that reach the colon
under physiological conditions has been evaluated at between
5 and 8 g per day in humans. Interestingly, it was recently
shown that the small intestinal microbiota is necessary for
efficient digestion and absorption of lipids in mice
(Martinez-Guryn et al., 2018), while its role in the digestion
and absorption of lipids in humans is currently unknown.
Moreover, the nature of the lipid entering the small intestine
and its absorption through the stomach wall directly affects the
amount and type of lipid entering the large intestine. Indeed,
dietary medium-chain FA are completely absorbed by the
upper gastrointestinal tract while unsaturated FA are much
more easily absorbed than saturated FA. Much higher
gastrointestinal lipid loads are observed in people with certain
clinical conditions, including those with cystic fibrosis or
pancreatic deficiency, or those who have undergone GI
resection (Juste, 2005). Similarly, anti-obesity drugs that work
by inhibiting gastrointestinal lipases, decrease fat absorption
leading to increased lipid load in the colon. The host itself and
its commensal bacteria contribute to the fats in the digestive
tract. Host-derived lipids are derived from bile, intestinal
secretions and desquamation of the intestinal epithelium, and
are rich in cholesterol and phospholipids (Gérard, 2020).
Phospholipids, sphingolipids and a large variety of saturated
and unsaturated FA from the dead cells of gut bacteria also
contribute to the pool of lipids in the colon and it has been
estimated that between one-quarter and one-third of all lipids
excreted in human feces are of bacterial origin.

All these lipids reaching the colon can both modified gut
microbiota composition and activity of the gut microbiota.
They can also be modified by the gut bacteria leading to
changes in their health effect. This interrelationship between
lipids and the gut microbiota will be developed in the
following parts of the review.

5 Effects of lipids on the gut microbiota

5.1 Evidences from rodent studies

Initial evidences that the dietary fat intake impacts gut
microbiota composition originated from rodent studies whose
microbiota composition resembles the humanmicrobiota at the
phylum and family levels. Indeed, HFD are commonly used to
trigger obesity and metabolic diseases in rodents and this has
been largely associated with gut microbiota alterations
(Busnelli et al., 2020; Safari et al., 2020). However, the
heterogeneity of the studies regarding the quantity and the
nature of fat in so called HFD constitutes one challenge to draw
general conclusions. A recent meta-analysis examined the
effect of HFD on the gut microbiota and revealed few
reproducible gut microbiome alterations including a slight
reduction in the bacterial diversity while the ratio of Firmicutes
to Bacteroidetes was significantly increased in 15 out of the
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25 studies included (Bisanz et al., 2019). An increase in
species belonging to the Lachnospiraceae, Ruminococcaceae,
and S24-7 Muribaculaceae families was also identified as a
common effect of HFD. Interestingly, it was found that many
of the structural alterations of the microbiome due to HFD are
reversible and that restoration of a close to initial microbiota
can be achieved in one week after stopping high-fat feeding in
mice (Safari et al., 2019). The mechanisms by which dietary
lipids affect gut microbiota are not well understood.
Nonetheless, FA have a broad spectrum of antibacterial
activities including inhibition of ATP production as well as
lysis and solubilization of bacterial cell membranes. Interest-
ingly, these bactericidal activities depend on the carbon chain
length, saturation and double bond position of the FA
(Zheng et al., 2005). Mice have also been used to assess
the effect of different types of fat on the gut microbiota. As an
example, isocaloric HFD containing either milk fat, corn oil or
olive oil were shown to differently alter microbiota composi-
tion with olive oil being most distinct from the corn oil and
milk fat (Abulizi et al., 2019). Similarly, mice fed a HFD
containing lard, rich in saturated fat, were compared to mice
fed an isocaloric HFD containing fish oil, rich in n-3
polyunsaturated fatty acids (PUFA). The lard rich diet
promoted growth of Bacteroides, Turicibacter and Bilophila
while the fish oil rich diet increased abundance of the
beneficial Bifidobacteria, Akkermansia and Lactobacillus spp.
(Caesar et al., 2015). However, fish oil may not always be
beneficial as it was also shown that mice fed with fish oil had an
higher relative abundance of phylum Proteobacteria and genus
Desulfovibrio which have been associated with inflammation
(Li et al., 2017). It has also been shown that a diet rich in milk
fat, but not diets with lard or safflower oil, increased expansion
of Bilophila wadsworthia which was proved to aggravate
colitis as well as HFD induced metabolic dysfunctions
(Devkota et al., 2012). This involves the promotion of
taurine-conjugation of bile acids by milk fat, which increases
the availability of sulfur used by B.wadsworthia. Recently, the
effects of plant-based fat on gut microbiota modulation have
been reviewed (Muralidharan et al., 2019). Compared to
animal based fats, they favor a healthy gut microbiota
including increases of Bifidobacteium spp., Lactobacillus spp.,
short-chain fatty acids (SCFA) producing bacteria, and
decrease of Clostridum perfringens, Ruminococcaceae family,
and Enterococcus. As an example, olive oil was shown to
modify the gut microbiome differently than butter, with
decreased Desulfovibrio and increased Lactobacillus and
Clostridium cluster XIV, which were correlated with lower
plasma insulin and lower systolic blood pressure, respectively.
Finally, several studies have reported that HFD increases
lipolysaccharides (LPS) expressing bacteria, like Enterobac-
teriaceae, leading to an elevated level of LPS in the circulation
promoting a pro-inflammatory state called metabolic endotox-
emia (Cani et al., 2007).
5.2 Effects of lipids on the human gut microbiota

Determining the impact of dietary fats on the gut
microbiota in humans is more complicated than in rodents
due to interindividual variation in the composition of the
microbiome which may outweigh the effect of dietary
of 7
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intervention. Moreover, in order to maintain an isocaloric diet,
the increase in fat quantity is made at the expense of other
nutrients, usually carbohydrates so that it may be difficult to
conclude that the microbiota effects are exclusively due to
change in fat content. Nonetheless, it was shown that HFD
rapidly and reproducibly alters the human gut microbiome
with increased abundance of bile-tolerant bacteria including
Alistipes, Bilophila, and Bacteroides, attributed to the high fat
provision, and reduced abundance levels of Roseburia,
Eubacterium, and Ruminococcus, due to the lack of ferment-
able carbohydrates (David et al., 2014). Recently, two reviews
examined the results obtained in human observational and
intervention studies (Wolters et al., 2019;Mokkala et al., 2020).
Their main conclusions revealed association between total fat
intake and the reduction of the microbiota richness and diversity
while PUFA had no effect on these parameters. Regarding
microbiota composition, dietary fat interventions did not lead to
strong and consistent modifications. In observational studies,
high intake of total fat or saturated FA correlated with the
abundanceofClostridiumboltaeandBlautia respectively,which
are both associated with unhealthy metabolic outcome.
Conversely, a diet rich in PUFA correlated with increased
populations of Tenericutes. Interestingly, omega-3 versus
omega-6 fats seem to have different or even opposite effects
on microbiota composition. This has been highlighted in two
recent randomized controlled trials in healthy adults: a daily
intake of 4 g of the omega-3 eicosapentaenoic and docosahex-
aenoic PUFA for eight weeks did not lead to diversity or phyla
composition changes. However, a reversible increased abun-
dance of several genera, including Bifidobacterium, Roseburia
and Lactobacillus was observed during the intervention
(Watson et al., 2018). More recently, a 6-month trial analyzed
the effects of three isocaloric diets differing in fat content, with
20%, 30%, and 40% of energy from fat, respectively
(Wan et al., 2019). Notably, the fat originated from soybean
oil, rich in omega-6 PUFA. The lower-fat diet was associated
with increased bacterial diversity, whereas the higher-fat diet
was associated with increased Alistipes and Bacteroides and
decreased butyrate producers including Faecalibacterium and
Blautia. Accordingly, the concentrations of butyrate and total
SCFAwere significantly decreased in thehigher-fat diet group in
comparison with the other groups. Interestingly, the microbial
metabolites p-cresol and indole, known to be associated with
hostmetabolic disorders, increased togetherwith the fat content.
In addition, the higher-fat dietwas associatedwith enrichment in
the LPS biosynthesis pathway as well as elevated plasma pro-
inflammatory factors after the intervention suggesting that
microbiota changes may contribute to elevated inflammation
associated with HFD consumption.

The very low carbohydrate high-fat ketogenic diet (KD) is a
dietary protocol driving the body into ketosis and reliance on fat
for energy. It has been used since the 1920 as a treatment for
refractory epilepsy and it is currently getting popularity as a
potential therapy for obesity and related metabolic disorders.
Only few studies have looked at the impact of KD on the
human gut microbiome. In a study in children for the
treatment of intractable epilepsy, Zhang et al. detected a
lower diversity after KD therapy and revealed significantly
decreased abundance of Firmicutes and increased levels of
Bacteroidetes (Zhang et al., 2018). Interestingly, they found a
distinct microbiota composition in the non-responsive group
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(no reduction in seizures) suggesting that the microbiota may
contribute to KD efficacy. More recently, it has been shown
that KDs alter the human and mouse gut microbiota in a
manner distinct from HFD. They particularly observed a
decrease of Bifidobacterium due to the host production of
ketone bodies that specifically inhibited bifidobacterial
growth. They also showed that Bifidobacterium levels
decreased with increasing carbohydrate restriction, thus
highlighting that carbohydrate restriction, rather than high-
fat intake, may be the main contributor to the KD’s impact on
the gut microbiome (Ang et al., 2020).

Together, these findings in mice and humans support a role
of dietary fat in shaping gut microbiota composition and
highlight the necessity of considering both fat quantity and
quality in microbiome research.
6 Metabolism of lipids by the gut microbiota

As indicated previously, triglycerides are present in the
colonic content togetherwith the gutmicrobiota. Thefirst step in
the metabolism of triglycerides is their breakdown into free FA
and glycerol by lipases. If a large variety of microorganisms
possess lipase activity, very few are present in the human
gut. Nevertheless, several intestinal bacteria from the
Coriobacteriaceae family, including species belonging to the
Collinsella and Eghertella genera were found lipase
positive (Thorasin et al., 2015). Whether the lipase activity of
these bacteria plays a role in host lipid metabolism in currently
unknown. Intestinal bacteria also possess phospholipase
C activity, which converts phospholipids into 1,2-sn-diacylgly-
cerols (1,2-sn-DG) that can act as secondary messengers
involved in cell growth and division. Interestingly, concen-
trations of 1,2-sn-DG in human feces are extremely variable
among population suggesting a wide range of phospholipase
activity in human gut microbiota. Active bacterial strains
belonging to Firmicutes, Enterobacteria, and Actinobacteria
phylahavebeen isolated indicating that phospholipase activity is
present in phylogenetically distant species (Vulevic et al., 2004).

The colon also receives up to 1 g per day of cholesterol,
70% of which comes from bile, 20% of the fraction of food not
absorbed in the small intestine and the remaining 10% of
the desquamation of the intestinal mucous membranes
(Bourgin et al., 2020). As early as the 1930s, it was shown
that the intestinal microbiota was able to convert this
cholesterol into coprostanol, not absorbed by the intestine
and eliminated in the feces. This cholesterol metabolism
follows a bimodal distribution within the human population,
with a majority of high converters (almost complete
cholesterol conversion) and a minority of low or inefficient
converters (Kriaa et al., 2019). Two major pathways have been
proposed for the conversion of cholesterol to coprostanol
(Fig. 1). The first pathway involves direct reduction of the
5-6 double bond. The second pathway starts with the oxidation
of the 3b-hydroxy group and isomerization of the double bond
to yield 4-cholesten-3-one, which undergoes two reductions to
form coprostanone and then coprostanol. This second pathway
is supported by the presence of coprostanone in human feces
and by the reduction of intermediate products to coprostanol by
fecal samples. Nevertheless, both pathways may coexist in the
human gut (Gérard, 2014). If this metabolism has been
of 7



Fig. 1. Direct and indirect pathways for cholesterol-to-coprostanol conversion by the gut bacteria.
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described for decades, the bacteria responsible remain largely
unknown and only a few active strains have been first isolated
from rat and baboon feces and from a hog sewage lagoon. The
latter was named Eubacterium coprostanoligenes ATCC
51222T and it was shown to use an indirect pathway involving
the formation of 4-cholesten-3-one to convert cholesterol to
coprostanol. More recently, the first and still unique
cholesterol-reducing bacterium from human origin has been
isolated and characterized (Gérard et al., 2007). Unlike all
other cholesterol-reducing strains isolated so far, this isolate
named Bacteroides sp. strain D8 belongs to the Bacteroidetes
phylum showing that distantly related bacteria may be
responsible for this conversion. Very recently, Kenny et al.
(2020) combined bioinformatic and biochemical approaches
and identified for the first time cholesterol dehydrogenases
from gut microbiomes that contribute to the metabolism of
cholesterol to coprostanol. The cholesterol dehydrogenases are
encoded by intestinal sterol metabolism A (ismA) genes in
uncultured members of cluster IVClostridium and were shown
to be prevalent across geographically diverse human cohorts.
The presence of bacteria with these genes correlated with
lower levels of faecal and serum cholesterol, which suggest
that conversion of cholesterol to coprostanol by the gut
bacteria decreases host cholesterol levels in the intestine and
serum (Kenny et al., 2020).

Intestinal bacteria can also react with FA, mainly through
hydration and biohydrogenation of the unsaturated bonds in
the aliphatic chain of monounsaturated fatty acids (MUFA)
and PUFA. As an example, hydroxystearic acids formation
from unsaturated FA is a widespread activity in the gut
microbiota. Biohydrogenation has particularly been studied for
the C18 unsaturated FA linoleic acid (LA) which is converted
to rumenic acid which is hydrogenated to vaccenic acid (VA),
and then to stearic acid. In addition, some human gut bacteria
were found to perform a hydration step in which LA is
converted to a hydroxy-C18:1 fatty acid (HFA), which was
Page 5
found to be a precursor of conjugated linoleic acid (CLA). In
contrast to the rumen, human gut bacteria producing HFA,
CLA and VA were found to belong to a wide variety of
phylogenetic groups, including species of the genera
Butyrivibrio, Lactococcus, Propionibacterium, Bifidobacte-
rium, Faecalibacterium, Eubacterium, and Roseburia
(Devillard et al., 2007). CLA can be also produced by several
Lactobacillus species through a different pathway. Notably,
CLA has been shown to modulate the immune system, and
inhibit carcinogenesis, atherosclerosis and body fat in different
animal models with distinct effects of the different CLA
isomers. Interestingly, different bacteria produce different
ratios of CLA isomers leading to different health effects
depending on gut microbiota composition.

Finally, besides conversion of dietary lipids, the gut
microbiota produces bioactive lipids that may pass the
epithelial barrier and interact with host metabolism. One
example is the recently identified sphingolipids produced by
gut bacteria belonging to the Bacteroides genus that were
shown to enhance the pool of sphingolipids available to the
host and to modulate the level of bioactive lipids in the liver of
mice (Johnson et al., 2020).

7 Conclusion

The interactions between the lipids and the gut microbiota
are bidirectional. First, it is clear that dietary fats shape the gut
microbiota composition with effects depending on the
quantity and quality of the lipids. Also, the gut microbiota
is able to metabolize the part of the lipids that enter the colon
and to produce lipid metabolites that may impact host health.
A poor explored issue is how this relationship influences
host lipid metabolism. Comparison of GF and conventional
mice has shown that the gut microbiota affects lipid
composition in the serum, adipose tissue, and liver, with
its greatest effect on triglyceride and phosphatidylcholine
of 7
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species (Velagapudi et al., 2010). Moreover, the gut
microbiota induces hepatic production of MUFA and
elongation of PUFA and regulates FA synthesis in the liver.
The gut microbiota may also impact blood lipid levels and it
was found in humans that triglycerides were higher and HDL-
cholesterol were lower in individual with low microbiota
diversity (Le Chatelier et al., 2013). Moreover, it was recently
revealed that the gut microbiota regulates host cholesterol
homeostasis (Le Roy et al., 2019). Finally, a cross-validation
analysis performed on a cohort study revealed that the gut
microbiome contributes to a substantial proportion of the
variation in blood lipids, with 6% of variance of serum
triglycerides and 4% in HDL attributed to the microbiota
composition (Fu et al., 2015). This highlights that the gut
microbiota must be taken into account when one aims to
assess the effects of lipids on health and disease.
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