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Gut microbiota establishment and further microbiota shifts are very important for maintaining
host health throughout life. There are some factors, including genetics, the mother’s health and
diet, delivery mode, breast or formula feeding, that may influence the gut microbiota. By the end of
approximately the first 3 y of life, the gut microbiota becomes an adult-like stable system. Once
established, 60 to 70% of the microbiota composition remains stable throughout life, but 30 to 40%
can be altered by changes in the diet and other factors such as physical activity, lifestyle, bacterial
infections, and antibiotic or surgical treatment. Diet-related factors that influence the gut micro-
biota in people of all ages are of great interest. Nutrition may have therapeutic success in gut
microbiota correction. This review describes current evidence concerning the links between gut
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Appetite microbiota composition and dietary patterns throughout life.
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Introduction Bacteroidetes [1]. Inverse changes in the gut microbiota occur

The human gut microbiota has become a widely discussed
topic over the past decade. Gut microbiota plays an important
role in the normal functioning of the host organism. This is
confirmed by a growing number of studies, which reveal more
about mechanisms of interaction between the microorganisms
and the human body. A host also may affect its gut microbiota by
changing lifestyle; naturally diet is a very important factor. One
study showed that an increase in caloric intake from 2400 to
3400 kcal/d (with similar nutrient profile that included 24%
protein, 16% fat, and 60% carbohydrates) over 3 d increases Fir-
micutes representation and decreases the representation of
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while reducing caloric intake [2]. It is difficult to investigate the
effects on energy intake. Normal caloric intake differs from
person to person and depends on age, habits, metabolism, and so
on. For this reason, we have paid more attention to different
nutrition compounds.

Dietary habits determine what our bacteria can consume; it is
the way we are “feeding” our microbiota. Bacteria metabolic
activity is defined mostly by its genome and epigenome. Sac-
charolytic bacteria are able to metabolize carbohydrates; this
bacteria group includes Bacteroides, Bifidobacterium, Lactoba-
cillus, Eubacterium, Propionibacterium, Escherichia, Enterococcus,
Peptostreptococcus, Fusobacteria, and others. Proteolytic bacteria
derive energy from protein fermentation and are represented by
Streptococcus, Staphylococcus, Proteus, Escherichia, and some
species of Clostridium, Fusobacteria, Bacillus, Propionibacterium,
and others. Some of them are strictly proteolytic, whereas others
have mild saccharolytic activity or are actively engaged in car-
bohydrate fermentation. Thus, many bacteria are capable of
metabolizing both proteins and carbohydrates. The aim of this
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review was to provide partial answers to at least some questions
about the gut microbiota and diet based on published studies;
and to identify important gaps in knowledge where further
research should be done.

Gut microbiota establishment and diet
Antenatal period and delivery

Gut microbiota colonization begins during the antenatal
period [3,4]. Recent studies have proved the presence of bacteria
in the amniotic fluid, placenta, cord blood, meconium [5-7]. A
mother’s diet before and during pregnancy influences the
development of the child’s gut microbiota [8,9]. For example,
excessive maternal intake of trans-fats in rats has been shown to
induce a low-grade inflammation in babies, whereas supple-
mentation with Jussara (Euterpe edulis Mart.) during pregnancy
and lactation reverses the effects of trans-fatty acids and in-
creases Lactobacillus spp. in offspring [10]. A maternal
gluten-free diet increases the number of Akkermansia, Proteo-
bacteria, and TM7 bacteria in the gut microbiota of mice offspring
and reduces the incidence of diabetes and low-grade inflam-
mation [11].

It has been shown in humans that an unhealthy mother’s diet
during pregnancy as well as poor early childhood nutrition can
lead to the establishment of a lean defective intestinal microbiota
[12]. This results in further dysfunction of the immune system
and in a dysregulation of genes involved in a lipid and glucose
metabolism [12,13]. Interestingly, a recent study found that even
maternal consumption of the oily fish influences the infant gut
microbiota composition [14].

The next step in the microbiota establishment is a delivery.
Method of the delivery is of great importance for microbiota
colonization. For instance, cesarean delivery is accompanied by
lower microbiota diversity and postponed Bacteroidetes coloni-
zation [15]. In contrast, vaginal delivery is accompanied by an
extensive colonization of child’s microbiota by vaginal bacteria,
mainly represented by Lactobacillus. Thus, vaginally delivered
infants acquired the microbiota similar to their mother’s vaginal
microbiota, represented by Lactobacillus and Prevotella, and ba-
bies born by cesarean delivery acquired the microbiota similar to
the mother’s skin microbiota, dominated by Staphylococcus,
Corynebacterium, and Propionibacterium [16].

Early childhood: breast and formula and complementary feeding

The neonatal and early childhood periods are critical for the
formation of a healthy intestinal microbiota in children.
Following birth, child’s gut microbiota is characterized by a low
diversity until 2 to 3 y old [13,17]. It is assumed that initial
colonization of the gut microbiota with facultative anaerobes,
such as Staphylococcus, Streptococcus, E. coli, and Enterobacterium,
make further obligate anaerobe colonization possible [18,19].

Later, during the breast feeding period, the digestive tract is
colonized with Actinobacteria and Firmicutes [20]. Actinobacteria
in breast-fed children are represented mainly by Bifidobacterium
(B.), B. breve, B. longum, B. dentium, B. infantis, B. pseudocatenu-
latum [21]. With regard to Firmicutes phylum, it is at most rep-
resented by Lactobacillus, Enterococcus, and Clostridium [17,20].
Breast feeding is considered to be the perfect nutrition for chil-
dren. Healthy mothers’ breast milk contains 10° micro-
organisms/L [22], and a healthy maternal diet is crucial for the
child’s normal milk composition and proper gut microbiota
establishment [23].

The gut microbiota in formula-fed children differs from that
of breast-fed infants. Formula-fed infants’ microbiota contains
more Bacteroides, Enterobacteriaceae, including Klebsiella, Ato-
pobium, and Clostridia [21,24]| and lower levels of Bifidobacte-
rium [25]. Although, according to some studies, the total
number of Bifidobacterium but not levels of Bifidobacterium
cantenulatum and Bifidobacterium adolescentis are relatively
similar in breast-fed infants and in those fed with formula
supplemented with galactooligosaccharides and fructooligo-
saccharides [22,26].

The composition of the gut microbiota also differs among
breast-fed infants. In many respects, it is determined by the
maternal nutrition [27]. Findings from one study demonstrated
that high-fat maternal diet results in microbiota dysbiosis in
primate offspring [28]. Certainly, new studies are required for
further development and practical application of this hypothesis.

An adult-like microbiota is established approximately be-
tween 2 and 3 y of age, after cessation of breast feeding. Its
composition largely depends on the type of complementary
feeding [17,24]. For instance, the more polysaccharides a diet
contains, the more bacteria in the gut are able to ferment it (e.g.,
Prevotella) [29]. Research conducted in 2014 in Denmark with
330 healthy infants aged up to 3 y found that significant changes
in the gut microbiota occurred after weaning. The number of
Bifidobacterium, Lactobacillus, and Enterobacteriaceae decreased,
whereas Bacteroidetes phylum members were observed to in-
crease. Regardless of the age of weaning, the number of
butyrate-producing bacteria such as C. leptum, Eubacterium Halli,
and Roseburia is growing along with microbiota diversity [17,30].

By 36 mo after birth the baby’s gut microbiota undergoes last
shifts it becomes a stable system mainly represented by Bacter-
iodetes, Firmicutes, and smaller rates of Actinobacteria, Proteo-
bacteria, and Verrucomicrobia [17,29-31]. “Proper” microbiota
establishment is crucial because about 60% to 70% of microbiota
bacteria remain unchanged throughout life. Notably, Bacter-
oidetes and Actinobacteria rates are much more stable than Fir-
micutes and Proteobacteria [32,33].

Nutrients in a diet affecting gut microbiota

We still cannot say what comprises “healthy” microbiota; its
composition varies greatly according to the lifestyle, diet, and
many other factors [34]. Scientists are attempting to identify
major features of the gut microbiota in healthy people to set up a
conception of normal gut flora. However, to our knowledge,
there are no precise conclusions to date, and microbiota appears
to be similar in people living in the same area and having contact
with each other [18,35].

In 2011, three enterotypes with a predominance of Bacter-
oides, Prevotella, or Ruminococcus were described. Bacteroides
enterotype is common in people following a Western diet that is
rich in fat and protein. Prevotella enterotype is common in people
who consume a lot of fiber [31]. Protein- and fat-degrading
bacteria are more abundantly present in the gut of people who
eat more fat and protein (e.g., such a pattern was observed in the
US population). In turn, microbiota of Malawi (East Africa) resi-
dents contains more polysaccharide-degrading microorganisms
[35]. A high-fat diet is associated with high levels of Bacteroidetes
and Actinobacteria in the gut. The same bacteria are in inverse
proportion to the plant fiber consumption. Firmicutes and Pro-
teobacteria have an opposite association with these macronu-
trients [36]. Although, the relevancy of enterotypes or
“fecotypes” is disputed, 30% to 40% of adults’ gut microbiota can

Please cite this article in press as: Kashtanova DA, et al., Association between the gut microbiota and diet: Fetal life, early childhood, and
further life, Nutrition (2016), http://dx.doi.org/10.1016/j.nut.2015.12.037




D. A. Kashtanova et al. / Nutrition xxx (2016) 1-8 3

be modified during the lifetime, and diet is one of the most
powerful factors we can use (Fig. 1).

Gut microbiota and carbohydrates

Carbohydrates that reach the gut are resistant starches (RS),
nonstarch polysaccharides, and oligosaccharides. Short-term
changes in carbohydrate consumption can lead to some shifts
in the intestinal microbiota composition [37,38], whereas
long-term diets are associated with the profound microbiota
composition alteration [36]. As mentioned previously, the
composition of microbiota is similar in Europeans [39] and
Americans who eat a lot of fats, but differs from that in Africa or
South America populations that consume more polysaccharides
[35]. A landmark study demonstrated that microbiota in Burkina
Faso (West Africa) children contains more Bacteroidetes (73%)
than microbiota of children from Italy (27% Bacteroidetes and 51%
Firmicutes). It should be noted that Bacteroidetes is quite a big
phylum that includes very different genera (e.g., Prevotella and
Xylanibacter are broadly presented in African children). On the
contrary, abundance of these bacteria is severely low in Italian
children. Representatives of these genera ferment xylans, cellu-
lose, and other polysaccharides [29].

Fibers intake and gut microbiota

Dietary fibers are polysaccharides mainly composed of >10
monosaccharide units that are resistant to digestion by human
enzymes. The American Dietetic Association recommends daily
consumption of 14 g dietary fiber/1000 kcal, or 25 g for adult
women and 38 g for adult men. The World Health Organization
recommends eating 25 to 35 g/d of dietary fiber. The therapeutic
dose is considered to be <40 to 45 g (maximum daily dose 60 g)
[40]. Essential dietary fibers needed for proper digestion are RS
and nonstarch polysaccharides (Fig. 2).

Starches. There are four types of indigestible RS (Table 1) [41].
These starches also are metabolized differently by intestinal
microbiota [42].

Starch is one of the most common carbohydrates contained in
rice, wheat, root vegetables, fruits, beans, and the like. Starch
generally consists of about 20% to 25% of amylose and 75% to 80%
of amylopectin; this proportion may influence the possibility of
microbiota species to ferment starches [43-45]. One study
looked at the changes in microbiota in 46 healthy adults after
switching to a diet rich in RS and demonstrated an increase of
Ruminococcus bromii abundance (Clostridia class) after this di-
etary intervention [46]. Similar results have been obtained in a

Mother’s Health
and Diet

Breast-formula-feeding

Epigenetics
éﬁp PIg

Genetics

Fig. 1. What influences our gut microbiota?
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Dietary fiber

Resistant starches Nonstarch polysaccharides

Cellulose fiber Noncellulose fiber

Fig. 2. Dietary fiber types.

recent research conducted in obese men: The levels of Eubacte-
rium rectale and Ruminococcus bromii (Firmicutes phylum) in gut
microbiota was increased significantly after only 10 wk on a
high-starch diet. Interestingly, two samples in this study had a
very low level of Ruminococcus bromii, and 69% and 65% of di-
etary starches was unfermented in these samples (compared
with <4% in other samples) [37]. Another study revealed an in-
crease of Eubacterium rectale and Ruminococcus bromii abun-
dance in participants consuming more RS2 (raw RS), while
consuming of RS4 (chemically modified RS) was associated with
higher levels of Bifidobacterium adolescentis and Parabacteroides
distasonis [42]. In yet another study, it was reported that Bifido-
bacterium adolescentis and Ruminococcus bromii are more likely
to ferment RS2 and RS3 (retrograded RS from previously cooked
and cooled raw starch) than Eubacterium rectale and Bacteroides
thetaiotaomicron [43]. Thus, all these studies have shown that RS
promote the growth of the saccharolitic bacteria, and this effect
differs according to the RS type. Interestingly, in a recent study,
an intake of maltodextrin (the novel nonviscous dietary resistant
fiber) was associated with significant increasing of the Rumino-
coccus, Eubacterium, Lachnospiraceae, Bacteroides, Holdemania,
and Faecalibacterium levels in the gut [47].

Nonstarch polysaccharides. The nonstarch polysaccharides group
contains cellulose and noncellulose fibers including pectins,
gums, slimes, glycosaminoglycans, alginates, carrageenans, chi-
tosans, and fucoidans. Cellulose is the most common nonstarch
polysaccharide, a basic component of plant cell walls. It is found
in whole grain and bran products, vegetables, and fruits. Cellu-
lose is one of the substrates for the short-chain fatty acid (SCFA)
production. High cellulose consumption increases the concen-
tration of the potentially beneficial bacteria. One study investi-
gated the influence of the dietary carbohydrate (RS and
nonstarch polysaccharides) reduction and detected a significant
lowering of Roseburia/Eubacterium rectale group along with a
lowering of SCFAs in feces after the experiment [48]. Another

Table 1
Resistant starch types

RS type  Description Food sources

RS1 Physically inaccessible Whole seeds, grains
undigestible starch

RS2 Ungelitinized tightly packed Raw potatoes, green bananas,
starch indigestible due to plantains, becomes accessible
high amylose content when heated.

RS3 Retrograded cooled Bread, cooked and cooled pasta,
gelitinized starch potatoes, rice, legumescornflakes

RS4 Chemically modified starch Industrial starch, in processed

foods (e.g., cheese, puddings,
breads, crackers, etc.).

RS, resistant starch

study found that the prebiotic xylooligosaccharide increases
fecal levels of Bifidobacterium and Bacteroides fragilis and SCFA
[49]. The wheat bran extract containing arabinoxylan-
oligosaccharides also has been shown to promote Bifidobacte-
rium growth in healthy preadolescent children [50].

The gut microbiota members produce SCFAs during the fiber
fermentation, 90% of SCFAs is absorbed in the colon and is
involved in various essential processes such as lipogenesis and
gluconeogenesis [51]. SCFAs bind the G protein-coupled re-
ceptors (GPCR), basically GPCR41 and GPCR43, which are sup-
pressing a low-grade inflammation. SCFAs decrease colonic pH
locally, increase motor activity, and alter intestinal permeability.
Additionally, SCFAs are involved in the processes of water, so-
dium, chlorine, calcium, and magnesium absorption. Finally, pH
decline results in transformation of ammonia, produced during
the amino acid fermentation, into ammonium ions. These ions
cannot be absorbed into the blood and are mainly excreted in
feces as ammonium salts [52]. Thus, diets rich in fiber are sup-
posed to be associated with high abundance of beneficial bac-
teria, higher levels of SCFAs, and lower levels of protein
fermentation products.

Gut microbiota and proteins

Proteins are an integral part of a healthy diet; because some
amino acids are not produced in a human organism they must be
obtained from food. On the other hand, improper protein con-
sumption may result in different disorders.

About 10% of dietary protein reaches the colon. Proteins are
not just a substrate for proteolytic bacteria, but also a source of
nitrogen for saccharolytic species. The main proteolytic bacteria
are Streptococcus, Bacillus, Propionibacterium, Staphylococcus,
some species of Clostridium, Bacteroides, and others. These bac-
teria, crucial for protein degradation, live mostly in the distal
colon, where carbohydrate sources are too small [53,54].

One of the key steps in amino acid degradation in the colon is
the deamination. The products of the protein and amino acid
breakdown are SCFAs (acetic, propionic, and butyric acids),
branched-chain fatty acids (BCFAs; isobutyrate, isovalerate and
2-methylbutyrate), phenol compounds (phenylpropionate, phe-
nylacetate, p-cresol, indole propionate, and indole acetate),
amines, sulphides, and ammonia. Microorganisms involved in
the deamination are Clostridium, some Bacteroides, and Entero-
bacterium spp; bacteria involved in the lactic fermentation are
Bifidobacterium and Lactobacillus [55]. All these products have
different effects on the human organism and although some are
healthy, and others are not (e.g., nitrosamine precursors in the
stomach are oncogenic and they form most probably because of
the bacterial nitrate-reductase activity) [56,57]. Moreover, pro-
teins are the source of L-carnitine, which has the potential to be
fermented by bacteria to trimethylamine N-oxide (TMAQ). TMAO
is supposed to induce atherosclerosis [58].

A high-protein diet does not always lead to toxic damages [59,
60], as a rule, disorders are associated with a nutrient imbalance.
Dietary fibers enlarge fecal mass, reduce a fecal transit time, and
make bacteria “work” with carbohydrates. This results in lower
toxic metabolite concentration and reduces the affect of the
protein fermentation metabolites on intestinal mucosa [61-63].
Thus, resistant starches may reduce the proportion of the protein
fermentation products in humans [64]. A number of studies have
proved that prebiotics as well as probiotics reduce the levels
of proteolytic markers, such as phenol and p-cresol, in the
gut [65,66].
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Various proteins affect human organism and gut microbiota
differently. As for microorganisms, in vitro it was shown that an
abundance of C. perfringens/histolyticum was higher in a beef diet
compared with fish and chicken diets; Bifidobacterium and Bac-
teroides grew better in a chicken diet group. Moreover, it was
shown that method of cooking might influence the gut micro-
biota (e.g., Clostridium growth was higher in a fried meat group
compared with a group that ate boiled meat) [67]. Glycated plant
proteins improve the gut microbiota balance, increase Lactoba-
cilli and Bifidobacteria growth and SCFAs levels [68]. In turn, di-
etary glycated bovine protein had an opposite effect on
Eubacteria and Bifidobacteria in one study [69]. To our knowledge
there is insufficient evidence to assess the whole microbiota role
in the protein degradation. Most of the conducted studies
focused on metabolite evaluation, and further studies are
necessary.

Gut microbiota and fats

Dietary fats are mostly absorbed in the small intestine, but 7%
is excreted with the feces [70]. One study showed that the germ-
free mice fed a high-fat diet over a 4-wk period did not gain
weight. In the same study scientists revealed that changing to a
high-fat diet during a 12-wk period in wild mice resulted in
microbiota shifts, although after 10 wk of normal feeding
microbiota had returned to previous levels [71]. High-fat diets
are associated with low SCFA and low Bifidobacterium concen-
trations [59]. Actually, it is difficult to compare different studies
results due to various nutrition compounds as fat, protein, and
carbohydrate types may differ significantly.

There are few studies considering a kind of fats. One study
investigated the influence of different oils (olive, palm, and saf-
flower) on microbiota composition. The most dramatic changes
in microbiota composition were observed in mice fed a palm oil
diet. The diet high in palm oil increased the ratio of Firmicutes to
Bacteroidetes and the abundance of Clostridium clusters XI, XVII,
and XVIII and reduced microbiota diversity. In mice fed the high-
fat olive or safflower oil diets, microbiota shifts were not so
prominent [72]. Consequently, saturated and unsaturated fats
might affect gut microbiota in various ways. However, this
question also requires further study. Interestingly, one study

found out that conjugated linoleic acids, contained mostly in
meat and dairy products, overrode the negative effects of a high-
fat diet and exerted a prebiotic action on Bacteroidetes/Prevotella
and Akkermansia muciniphila levels in mice [73]. Dietary poly-
phenols also have shown to attenuate high-fat diet-induced in-
fluences, promote Akkermansia muciniphila growth, and decrease
the ratio of Firmicutes to Bacteroidetes in mice [74], while high-
cholesterol diet increased the ratio of Firmicutes to Bacter-
oidetes [75].

According to some studies, a high-fat diet results in elevated
levels of serum lipopolyssacharide, endotoxemia, and low-grade
inflammation [76]. In turn, probiotics reduce cytokine expression
and are beneficial in counteracting high-fat diet-induced dys-
biosis [77]. Even a moderate high-fat diet may cause metabolic
endotoxemia and low-grade inflammation and decrease the
representation of Lactobacilli [78]. Furthermore, high-fat diets
may influence microbiota indirectly by stimulation of bile-acid
production. Some bile acids reach the colon and are dehy-
droxylated by microbiota to carcinogenic secondary bile acids
[79,80].

One study supposed that dietary habits might influence the
gut microbiota in mice even more than murine genotype. The
researchers examined the gut microbiota in inbred, transgenic,
and outbred mice and determined that, despite divergent ge-
notypes, gut flora was consistently altered by the diet in these
mice [81]. Microbiota fermentation products are schematically
displayed in Figure 3.

To summarize this information we highlight some links be-
tween gut microbiota composition and dietary habits, namely
vegetarian and Mediterranean diets and the appetite.

Gut microbiota and regular diets
Gut microbiota and vegetarian diets

Vegetarian diets are of a great interest nowadays. These diets
are thought to be associated with a lower risk for obesity, coro-
nary heart disease, and other disorders. Recent findings on the
links between the dietary patterns and microbiota composition
differ. For instance, one experiment showed that the gut
microbiota composition in healthy human vegans and omnivores

Bacteria metabolites

Carbohydrates ] Fats
Proteins
SCFA ) Long-chain aldehydes
Gases: CO,, Hy, CH, Ammonia Secondary bile acids
Biomass Phgno[s Hydroxy fatty acids
Alcohol Amines
Lactate Sulphides
Succinate p-cresol
SCFA
BCFA
TMAO

Fig. 3. Carbohydrate, protein, and fat fermentation products. BCFA, branched-chain fatty acid; SCFA, snort-chain fatty acid; TMAO, trimethylamine N-oxide.
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was similar, and the vegan diet was not associated with higher
levels of fecal SCFAs, although plasma metabolome was different
[82]. Perhaps, such results may be explained by some identical
dietary habits (e.g., fast food, high consumption of sugar-
containing drinks, pastries, soybean products, and palm oil that
is widely used and similar to animal fat). Also, vegetarian diet
types vary as widely as omnivore diets. For instance, one group
reported an increased level of Clostridium cluster XIVa bacteria,
specifically Roseburia spp.-Eubacterium rectale in omnivores.
However, this study was conducted with women from South
India and Indian dietary patterns differ greatly from Western
patterns [83]. According to one study, the vegan diet is associated
with lower levels of Bacteroides, Bifidobacterium, E. coli, and
Enterobacteriaceae [84]. Another study reported that the ratio of
Bacteroides to Prevotellais higher in vegetarians [85]. Such con-
tradictory data arouse a profound interest. Certainly, more
detailed and systematic studies are necessary.

Gut microbiota and Mediterranean diet

The Mediterranean diet is considered one of the world’s
healthiest diets and often is recommended by nutrition spe-
cialists. The main components of the Mediterranean diet are
seafood, whole grain foods, legumes, fruits and vegetables, foods
containing unsaturated fatty acids, and red wine in moderation.
According to a transcriptome analysis, the Mediterranean-
inspired diet resulted in a significant improvement of the gut
microbiota composition in patients with Crohn’s disease [86].
Actually, to our knowledge no studies have been conducted on
the potential effects of the Mediterranean diet on microbiota, but
we can find many links between Mediterranean diet components
consumption and microbiota composition. As mentioned previ-
ously, diets rich in fiber and unsaturated fatty acids are associ-
ated with high levels of so-called beneficial bacteria. As for
moderate wine consumption, it is thought to increase the
number of Enterococcus, Prevotella, Bacteroides, and Bifidobacte-
rium and to decrease systolic and diastolic blood pressures and
triacylglycerol, total cholesterol, high-density lipoprotein
cholesterol, and C-reactive protein levels. These prebiotic bene-
fits are associated with the inclusion of red wine polyphenols in
the diet [87]. Currently, polyphenols have received special
attention from the scientific community due to their ability to
reduce free radical formation and to scavenge free radicals. In
addition to their antiinflammatory, antioxidant, and anticarci-
nogenic qualities, some polyphenols have moderate antimicro-
bial activity against pathogenic microorganisms [88].
Polyphenols are found largely in fruits, vegetables, cereals, tea,
coffee, and wine and are an essential part of the Mediterranean
diet. Thus, the Mediterranean diet might be a good choice in
influencing the gut microbiota. The literature regarding the role
of the regular diets in microbiota composition is still lacking.

Gut microbiota and human appetite

It should be mentioned that the gut microbiota may influence
the appetite. For instance, gut mucosal cells produce Y3-36
anorexigenic peptide [89]. Expression of this peptide is
induced by the binding of GPR41 and GPR43 with acetate and
propionate, which are produced by the gut microbiota [90].
Current studies also detected the link between microbiota
composition and anorexigenic leptin hormone. High abundance
of Lactococcus, Bifidobacterium, and Lactobacillus is associated
with high leptin concentrations in mice, whereas Clostridium,

Anorexigenic hormones Orexigenic hormones

Lactococcus, Bifidobacterium, and Lactobacillus
+
Ghrelin

Leptin Insulin

YY 3-36 peptide Glucagon-like peptide 1
+

Clostridium, Bacteroides, and Prevotella

Fig. 4. Microbiota versus appetite.

Bacteroides (genus in Bacteroidetes phylum), and Prevotella are
associated with low leptin levels [91,92].

Thus, a high fecal ratio of Firmicutes to Bacteroidetes is asso-
ciated with decreased appetite probably because of leptin and YY
peptide stimulation. A recent study demonstrated that leptin
plays a role in the regulation of the microbiota composition
independently of food intake in mice [93]. Moreover, a low fecal
ratio of Firmicutes to Bacteroidetes was connected to low ghrelin
level in this study. Ghrelin is well known as an orexigenic hor-
mone. One study demonstrated that serum ghrelin level corre-
lates negatively with Bifidobacterium, Lactobacillus, and Blautia
coccoides-Eubacterium rectale group levels and positively corre-
lates with the Bacteroides and Prevotella levels [92]. Similar re-
sults were found in another study [94].

Microbiota composition also is purported to be associated
with insulin concentrations. In one study, microbiota infusion
from lean donors to individuals with metabolic syndrome
showed an increase in 16 bacterial groups, including those
related to the butyrate-producer Roseburia intestinalis, and an
improvement in insulin sensitivity [95]. The intestinally derived
hormone glucagon-like peptide (GLP)-1 affects insulin gene
expression and insulin secretion [96], and some authors consider
that it also is connected to the microbiota composition (Fig. 4)
[97,98].

Conclusion

Alterations to the gut microbiota have been observed in
numerous diseases, including liver disease, obesity, type 2 dia-
betes, atherosclerosis, and irritable bowel syndrome. The fasci-
nating research findings concerning the links between gut
microbiota composition and brain [99], depression [100], and
other disorders [101] were shown here. One of the key factors in
determining gut microbiota composition is diet. Cooking
methods, nutrient additives, probiotic and prebiotic consump-
tion, and diet changes are likely to be good tools in influencing
gut microbiota composition, which is particularly important in
people of all ages.

References

[1] Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C, Gordon ]I, et al.
Energy-balance studies reveal associations between gut microbes, caloric
load, and nutrient absorption in humans. Am | Clin Nutr 2011;94:58-65.

[2] David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe BE,
et al. Diet rapidly and reproducibly alters the human gut microbiome.
Nature 2014;505:559-63.

Please cite this article in press as: Kashtanova DA, et al., Association between the gut microbiota and diet: Fetal life, early childhood, and
further life, Nutrition (2016), http://dx.doi.org/10.1016/j.nut.2015.12.037



http://refhub.elsevier.com/S0899-9007(15)00534-1/sref1
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref1
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref1
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref2
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref2
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref2

3]
14

[5]

(6

[7]

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

D. A. Kashtanova et al. / Nutrition xxx (2016) 1-8 7

Wassenaar TM, Panigrahi P. Is a foetus developing in a sterile environ-
ment? Lett Appl Microbiol 2014;59:572-9.

Aagaard K, Ma ], Antony KM, Ganu R, Petrosino ], Versalovic J. The
placenta harbors a unique microbiome. Sci Transl Med 2014;6:237ra65.
Jimenez E, Fernandez L, Marin ML, Martin R, Odriozola JM, Nueno-Palop C,
et al. Isolation of commensal bacteria from umbilical cord blood of healthy
neonates born by cesarean section. Curr Microbiol 2005;51:270-4.
DiGiulio DB. Diversity of microbes in amniotic fluid. Semin Fetal Neonatal
Med 2012;17:2-11.

Moles L, Gomez M, Heilig H, Bustos G, Fuentes S, de Vos W, et al. Bacterial
diversity in meconium of preterm neonates and evolution of their fecal
microbiota during the first month of life. PLoS One 2013;8:e66986.
Boscia AL, Treece BW, Mohammadyani D, Klein-Seetharaman J, Braun AR,
Wassenaar TA, et al. X-ray structure, thermodynamics, elastic properties
and MD simulations of cardiolipin/dimyristoylphosphatidylcholine mixed
membranes. Chem Phys Lipids 2014;178:1-10.

Myles IA, Pincus NB, Fontecilla NM, Datta SK. Effects of parental omega-3
fatty acid intake on offspring microbiome and immunity. PLoS One
2014;9:e87181.

Almeida Morais C, Oyama LM, de Oliveira JL, Carvalho Garcia M, de
Rosso VV, Sousa Mendes Amigo L, et al. Jussara (Euterpe edulis Mart.)
supplementation during pregnancy and lactation modulates the gene
and protein expression of inflammation biomarkers induced by trans-
fatty acids in the colon of offspring. Mediators Inflamm
2014;2014:987927.

Hansen CH, Krych L, Buschard K, Metzdorff SB, Nellemann C, Hansen LH,
et al. A maternal gluten-free diet reduces inflammation and diabetes
incidence in the offspring of NOD mice. Diabetes 2014;63:2821-32.
Salazar N, Arboleya S, Valdes L, Stanton C, Ross P, Ruiz L, et al. The human
intestinal microbiome at extreme ages of life. Dietary intervention as a
way to counteract alterations. Front Genet 2014;5:406.

Canani RB, Costanzo MD, Leone L, Bedogni G, Brambilla P, Cianfarani S,
et al. Epigenetic mechanisms elicited by nutrition in early life. Nutr Res
Rev 2011;24:198-205.

Urwin HJ, Miles EA, Noakes PS, Kremmyda LS, Vlachava M, Diaper ND,
et al. Effect of salmon consumption during pregnancy on maternal and
infant faecal microbiota, secretory IgA and calprotectin. Br ] Nutr
2014;111:773-84.

Jakobsson HE, Abrahamsson TR, Jenmalm MC, Harris K, Quince C,
Jernberg C, et al. Decreased gut microbiota diversity, delayed Bacter-
oidetes colonisation and reduced Th1 responses in infants delivered by
caesarean section. Gut 2014;63:559-66.

Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G,
Fierer N, et al. Delivery mode shapes the acquisition and structure of the
initial microbiota across multiple body habitats in newborns. Proc Natl
Acad Sci U S A 2010;107:11971-5.

Bergstrom A, Skov TH, Bahl MI, Roager HM, Christensen LB, Ejlerskov KT,
et al. Establishment of intestinal microbiota during early life: A longitu-
dinal, explorative study of a large cohort of Danish infants. Appl Environ
Microbiol 2014;80:2889-900.

Palmer C, Bik EM, DiGiulio DB, Relman DA, Brown PO. Development of the
human infant intestinal microbiota. PLoS Biol 2007;5:e177.

Jost T, Lacroix C, Braegger CP, Chassard C. New insights in gut microbiota
establishment in healthy breast fed neonates. PLoS One 2012;7:e44595.
Turroni F, Peano C, Pass DA, Foroni E, Severgnini M, Claesson MJ, et al.
Diversity of bifidobacteria within the infant gut microbiota. PLoS One
2012;7:e36957.

Harmsen HJ, Wildeboer-Veloo AC, Raangs GC, Wagendorp AA, Klijn N,
Bindels ]G, et al. Analysis of intestinal flora development in breast-fed and
formula-fed infants by using molecular identification and detection
methods. ] Pediatr Gastroenterol Nutr 2000;30:61-7.

Marques TM, Wall R, Ross RP, Fitzgerald GF, Ryan CA, Stanton C. Pro-
gramming infant gut microbiota: Influence of dietary and environmental
factors. Curr Opin Biotechnol 2010;21:149-56.

Hallam MC, Barile D, Meyrand M, German JB, Reimer RA. Maternal high-
protein or high-prebiotic-fiber diets affect maternal milk composition and
gut microbiota in rat dams and their offspring. Obesity (Silver Spring)
2014;22:2344-51.

Fallani M, Young D, Scott ], Norin E, Amarri S, Adam R, et al. Intestinal
microbiota of 6-week-old infants across Europe: Geographic influence
beyond delivery mode, breast-feeding, and antibiotics. ] Pediatr Gastro-
enterol Nutr 2010;51:77-84.

Bezirtzoglou E, Tsiotsias A, Welling GW. Microbiota profile in feces of
breast-and formula-fed newborns by using fluorescence in situ hybridi-
zation (FISH). Anaerobe 2011;17:478-82.

Oozeer R, van Limpt K, Ludwig T, Ben Amor K, Martin R, Wind RD, et al.
Intestinal microbiology in early life: Specific prebiotics can have similar
functionalities as human-milk oligosaccharides. Am ] Clin Nutr
2013;98:561S-71S.

Cabrera-Rubio R, Collado MC, Laitinen K, Salminen S, Isolauri E,
Mira A. The human milk microbiome changes over lactation and is
shaped by maternal weight and mode of delivery. Am J Clin Nutr
2012;96:544-51.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Ma J, Prince AL, Bader D, Hu M, Ganu R, Baquero K, et al. High-fat maternal
diet during pregnancy persistently alters the offspring microbiome in a
primate model. Nat Commun 2014;5:3889.

De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet B, Massart S,
et al. Impact of diet in shaping gut microbiota revealed by a comparative
study in children from Europe and rural Africa. Proc Natl Acad Sci U S A
2010;107:14691-6.

Koenig JE, Spor A, Scalfone N, Fricker AD, Stombaugh ], Knight R, et al.
Succession of microbial consortia in the developing infant gut micro-
biome. Proc Natl Acad Sci U S A 2011;108(Suppl 1):4578-85.

Arumugam M, Raes ], Pelletier E, Le Paslier D, Yamada T, Mende DR, et al.
Enterotypes of the human gut microbiome. Nature 2011;473:174-80.
Rajilic-Stojanovic M, Heilig HG, Tims S, Zoetendal EG, de Vos WM. Long-
term monitoring of the human intestinal microbiota composition. Environ
Microbiol; 2012. http://dx.doi.org/10.1111/1462-2920.12023 [Epub ahead
of print].

Faith JJ, Guruge JL, Charbonneau M, Subramanian S, Seedorf H,
Goodman AL, et al. The long-term stability of the human gut microbiota.
Science 2013;341:1237439.

Backhed F, Fraser CM, Ringel Y, Sanders ME, Sartor RB, Sherman PM,
et al. Defining a healthy human gut microbiome: current concepts,
future directions, and clinical applications. Cell Host Microbe
2012;12:611-22.

Yatsunenko T, Rey FE, Manary M], Trehan I, Dominguez-Bello MG,
Contreras M, et al. Human gut microbiome viewed across age and geog-
raphy. Nature 2012;486:222-7.

Wu GD, Chen ], Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, et al.
Linking long-term dietary patterns with gut microbial enterotypes. Sci-
ence 2011;334:105-8.

Walker AW, Ince ], Duncan SH, Webster LM, Holtrop G, Ze X, et al.
Dominant and diet-responsive groups of bacteria within the human
colonic microbiota. ISME ] 2011;5:220-30.

Russell WR, Gratz SW, Duncan SH, Holtrop G, Ince ], Scobbie L, et al. High-
protein, reduced-carbohydrate weight-loss diets promote metabolite
profiles likely to be detrimental to colonic health. Am ] Clin Nutr
2011;93:1062-72.

Qin J, Li R, Raes ], Arumugam M, Burgdorf KS, Manichanh C, et al. A human
gut microbial gene catalogue established by metagenomic sequencing.
Nature 2010;464:59-65.

Slavin JL. Position of the American Dietetic Association: health implica-
tions of dietary fiber. ] Am Diet Assoc 2008;108:1716-31.

Flint HJ, Scott KP, Duncan SH, Louis P, Forano E. Microbial degradation of
complex carbohydrates in the gut. Gut Microbes 2012;3:289-306.
Martinez I, Kim J, Duffy PR, Schlegel VL, Walter ]. Resistant starches types
2 and 4 have differential effects on the composition of the fecal micro-
biota in human subjects. PLoS One 2010;5:e15046.

Ze X, Duncan SH, Louis P, Flint HJ. Ruminococcus bromii is a keystone
species for the degradation of resistant starch in the human colon. ISME ]
2012;6:1535-43.

Laparra JM, Sanz Y. Interactions of gut microbiota with functional food
components and nutraceuticals. Pharmacol Res 2010;61:219-25.
Ramsay AG, Scott KP, Martin JC, Rincon MT, Flint HJ. Cell-associated alpha-
amylases of butyrate-producing Firmicute bacteria from the human colon.
Microbiology 2006;152:3281-90.

Abell GC, Cooke CM, Bennett CN, Conlon MA, McOrist AL. Phylotypes
related to Ruminococcus bromii are abundant in the large bowel of
humans and increase in response to a diet high in resistant starch. FEMS
Microbiol Ecol 2008;66:505-15.

Baer DJ, Stote KS, Henderson T, Paul DR, Okuma K, Tagami H, et al.
The metabolizable energy of dietary resistant maltodextrin is variable
and alters fecal microbiota composition in adult men. ] Nutr
2014;144:1023-9.

Duncan SH, Belenguer A, Holtrop G, Johnstone AM, Flint HJ, Lobley GE.
Reduced dietary intake of carbohydrates by obese subjects results in
decreased concentrations of butyrate and butyrate-producing bacteria in
feces. Appl Environ Microbiol 2007;73:1073-8.

Finegold SM, Li Z, Summanen PH, Downes ], Thames G, Corbett K, et al.
Xylooligosaccharide increases bifidobacteria but not lactobacilli in human
gut microbiota. Food Funct 2014;5:436-45.

Francois IE, Lescroart O, Veraverbeke WS, Marzorati M, Possemiers S,
Hamer H, et al. Effects of wheat bran extract containing arabinoxylan
oligosaccharides on gastrointestinal parameters in healthy preadolescent
children. ] Pediatr Gastroenterol Nutr 2014;58:647-53.

Topping DL, Clifton PM. Short-chain fatty acids and human colonic func-
tion: Roles of resistant starch and nonstarch polysaccharides. Physiol Rev
2001;81:1031-64.

Fung KY, Cosgrove L, Lockett T, Head R, Topping DL. A review of the po-
tential mechanisms for the lowering of colorectal oncogenesis by buty-
rate. Br | Nutr 2012;108:820-31.

Walker AW, Duncan SH, McWilliam Leitch EC, Child MW, Flint HJ. pH and
peptide supply can radically alter bacterial populations and short-chain
fatty acid ratios within microbial communities from the human colon.
Appl Environ Microbiol 2005;71:3692-700.

Please cite this article in press as: Kashtanova DA, et al., Association between the gut microbiota and diet: Fetal life, early childhood, and
further life, Nutrition (2016), http://dx.doi.org/10.1016/j.nut.2015.12.037



http://refhub.elsevier.com/S0899-9007(15)00534-1/sref3
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref3
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref4
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref4
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref5
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref5
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref5
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref6
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref6
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref7
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref7
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref7
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref8
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref8
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref8
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref8
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref9
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref9
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref9
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref10
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref10
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref10
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref10
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref10
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref10
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref11
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref11
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref11
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref12
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref12
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref12
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref13
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref13
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref13
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref14
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref14
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref14
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref14
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref15
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref15
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref15
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref15
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref16
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref16
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref16
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref16
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref17
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref17
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref17
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref17
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref18
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref18
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref19
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref19
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref20
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref20
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref20
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref21
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref21
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref21
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref21
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref22
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref22
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref22
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref23
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref23
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref23
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref23
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref24
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref24
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref24
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref24
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref25
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref25
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref25
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref26
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref26
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref26
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref26
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref27
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref27
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref27
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref27
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref28
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref28
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref28
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref29
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref29
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref29
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref29
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref30
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref30
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref30
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref31
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref31
http://dx.doi.org/10.1111/1462-2920.12023
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref33
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref33
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref33
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref34
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref34
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref34
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref34
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref35
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref35
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref35
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref36
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref36
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref36
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref37
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref37
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref37
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref38
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref38
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref38
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref38
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref39
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref39
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref39
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref40
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref40
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref41
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref41
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref42
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref42
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref42
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref43
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref43
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref43
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref44
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref44
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref45
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref45
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref45
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref46
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref46
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref46
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref46
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref47
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref47
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref47
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref47
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref48
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref48
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref48
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref48
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref49
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref49
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref49
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref50
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref50
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref50
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref50
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref51
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref51
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref51
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref52
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref52
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref52
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref53
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref53
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref53
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref53

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

D. A. Kashtanova et al. / Nutrition xxx (2016) 1-8

Hamer HM, De Preter V, Windey K, Verbeke K. Functional analysis of
colonic bacterial metabolism: Relevant to health? Am ] Physiol Gastro-
intest Liver Physiol 2012;302:G1-9.

Hughes R, Magee EA, Bingham S. Protein degradation in the large intes-
tine: relevance to colorectal cancer. Curr Issues Intest Microbiol
2000;1:51-8.

Wang LL, Yu X], Zhan SH, Jia SJ, Tian ZB, Dong QJ. Participation of
microbiota in the development of gastric cancer. World ] Gastroenterol
2014;20:4948-52.

Louis P, Hold GL, Flint HJ. The gut microbiota, bacterial metabolites and
colorectal cancer. Nat Rev Microbiol 2014;12:661-72.

Koeth RA, Wang Z, Levison BS, Buffa JA, Org E, Sheehy BT, et al. Intestinal
microbiota metabolism of L-carnitine, a nutrient in red meat, promotes
atherosclerosis. Nat Med 2013;19:576-85.

Brinkworth GD, Noakes M, Clifton PM, Bird AR. Comparative effects of
very low-carbohydrate, high-fat and high-carbohydrate, low-fat weight-
loss diets on bowel habit and faecal short-chain fatty acids and bacte-
rial populations. Br ] Nutr 2009;101:1493-502.

Windey K, De Preter V, Louat T, Schuit F, Herman ], Vansant G, et al.
Modulation of protein fermentation does not affect fecal water toxicity: a
randomized cross-over study in healthy subjects. PLoS One
2012;7:e52387.

Toden S, Bird AR, Topping DL, Conlon MA. High red meat diets induce
greater numbers of colonic DNA double-strand breaks than white meat in
rats: attenuation by high-amylose maize starch. Carcinogenesis
2007;28:2355-62.

Shaughnessy DT, Gangarosa LM, Schliebe B, Umbach DM, Xu Z,
MacIntosh B, et al. Inhibition of fried meat-induced colorectal DNA
damage and altered systemic genotoxicity in humans by crucifera,
chlorophyllin, and yogurt. PLoS One 2011;6:e18707.

Humphreys KJ, Conlon MA, Young GP, Topping DL, Hu Y, Winter JM, et al.
Dietary manipulation of oncogenic microRNA expression in human rectal
mucosa: a randomized trial. Cancer Prev Res (Phila) 2014;7:786-95.
Silvester KR, Bingham SA, Pollock JR, Cummings JH, O'Neill IK. Effect of
meat and resistant starch on fecal excretion of apparent N-nitroso com-
pounds and ammonia from the human large bowel. Nutr Cancer
1997;29:13-23.

Sanchez ]I, Marzorati M, Grootaert C, Baran M, Van Craeyveld V,
Courtin CM, et al. Arabinoxylan-oligosaccharides (AXOS) affect the pro-
tein/carbohydrate fermentation balance and microbial population dy-
namics of the Simulator of Human Intestinal Microbial Ecosystem. Microb
Biotechnol 2009;2:101-13.

De Preter V, Vanhoutte T, Huys G, Swings ], De Vuyst L, Rutgeerts P, et al.
Effects of Lactobacillus casei Shirota, Bifidobacterium breve, and
oligofructose-enriched inulin on colonic nitrogen-protein metabolism in
healthy humans. Am ] Physiol Gastrointest Liver Physiol 2007;292:G358-68.
Shen Q, Chen YA, Tuohy KM. A comparative in vitro investigation into the
effects of cooked meats on the human faecal microbiota. Anaerobe
2010;16:572-7.

Swiatecka D, Narbad A, Ridgway KP, Kostyra H. The study on the impact of
glycated pea proteins on human intestinal bacteria. Int ] Food Microbiol
2011;145:267-72.

Mills DJ, Tuohy KM, Booth ], Buck M, Crabbe M], Gibson GR, et al. Dietary
glycated protein modulates the colonic microbiota towards a more
detrimental composition in ulcerative colitis patients and non-ulcerative
colitis subjects. ] Appl Microbiol 2008;105:706-14.

Gabert L, Vors C, Louche-Pelissier C, Sauvinet V, Lambert-Porcheron S,
Drai ], et al. 13 C tracer recovery in human stools after digestion of a fat-
rich meal labelled with [1,1,1-13 C3]tripalmitin and [1,1,1-13 C3]triolein.
Rapid Commun Mass Spectrom 2011;25:2697-703.

Zhang C, Zhang M, Pang X, Zhao Y, Wang L, Zhao L. Structural resilience of
the gut microbiota in adult mice under high-fat dietary perturbations.
ISME ] 2012;6:1848-57.

de Wit N, Derrien M, Bosch-Vermeulen H, Oosterink E, Keshtkar S,
Duval C, et al. Saturated fat stimulates obesity and hepatic steatosis and
affects gut microbiota composition by an enhanced overflow of dietary fat
to the distal intestine. Am ] Physiol Gastrointest Liver Physiol
2012;303:G589-99.

Chaplin A, Parra P, Serra F, Palou A. Conjugated linoleic acid supplemen-
tation under a high-fat diet modulates stomach protein expression and
intestinal microbiota in adult mice. PLoS One 2015;10:e0125091.
Roopchand DE, Carmody RN, Kuhn P, Moskal K, Rojas-Silva P,
Turnbaugh PJ, et al. Dietary polyphenols promote growth of the gut
bacterium Akkermansia muciniphila and attenuate high fat diet-induced
metabolic syndrome. Diabetes 2015;64:2847-58.

Lee SM, Han HW, Yim SY. Beneficial effects of soy milk and fiber on high
cholesterol diet-induced alteration of gut microbiota and inflammatory
gene expression in rats. Food Funct 2015;6:492-500.

Cani PD, Amar J, Iglesias MA, Poggi M, Knauf C, Bastelica D, et al. Metabolic
endotoxemia initiates obesity and insulin resistance. Diabetes
2007;56:1761-72.

(771

[78]

[79]

(80]

[81]

(82]

(83]

[84]

(85]

[86]

(87]

[88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

Neyrinck AM, Possemiers S, Druart C, Van de Wiele T, De Backer F,
Cani PD, et al. Prebiotic effects of wheat arabinoxylan related to the in-
crease in bifidobacteria, Roseburia and Bacteroides/Prevotella in diet-
induced obese mice. PLoS One 2011;6:e20944.

Benoit B, Laugerette F, Plaisancie P, Geloen A, Bodennec ], Estienne M,
et al. Increasing fat content from 20 to 45 wt% in a complex diet induces
lower endotoxemia in parallel with an increased number of intestinal
goblet cells in mice. Nutr Res 2015;35:346-56.

Ou ], DeLany JP, Zhang M, Sharma S, O’Keefe SJ. Association between low
colonic short-chain fatty acids and high bile acids in high colon cancer
risk populations. Nutr Cancer 2012;64:34-40.

Ridlon JM, Kang DJ, Hylemon PB. Bile salt biotransformations by human
intestinal bacteria. ] Lipid Res 2006;47:241-59.

Carmody RN, Gerber GK, Luevano JM Jr, Gatti DM, Somes L, Svenson KL,
et al. Diet dominates host genotype in shaping the murine gut microbiota.
Cell Host Microbe 2015;17:72-84.

Wu GD, Compher C, Chen EZ, Smith SA, Shah RD, Bittinger K, et al.
Comparative metabolomics in vegans and omnivores reveal constraints
on diet-dependent gut microbiota metabolite production. Gut
2016;65:63-72.

Kabeerdoss ], Devi RS, Mary RR, Ramakrishna BS. Faecal microbiota
composition in vegetarians: Comparison with omnivores in a cohort of
young women in southern India. Br ] Nutr 2012;108:953-7.

Zimmer ], Lange B, Frick JS, Sauer H, Zimmermann K, Schwiertz A, et al. A
vegan or vegetarian diet substantially alters the human colonic faecal
microbiota. Eur ] Clin Nutr 2012;66:53-60.

Matijasic BB, Obermajer T, Lipoglavsek L, Grabnar I, Avgustin G, Rogelj L.
Association of dietary type with fecal microbiota in vegetarians and
omnivores in Slovenia. Eur ] Nutr 2014;53:1051-64.

Marlow G, Ellett S, Ferguson IR, Zhu S, Karunasinghe N, Jesuthasan AC,
et al. Transcriptomics to study the effect of a Mediterranean-inspired
diet on inflammation in Crohn’s disease patients. Hum Genomics
2013;7:24.

Queipo-Ortuno MI, Boto-Ordonez M, Murri M, Gomez-Zumaquero JM,
Clemente-Postigo M, Estruch R, et al. Influence of red wine polyphenols
and ethanol on the gut microbiota ecology and biochemical biomarkers.
Am ] Clin Nutr 2012;95:1323-34.

Upadhyay A, Upadhyaya I, Kollanoor-Johny A, Venkitanarayanan K.
Combating pathogenic microorganisms using plant-derived antimicro-
bials: a minireview of the mechanistic basis. Biomed Res Int
2014;2014:761741.

Batterham RL, Cowley MA, Small CJ, Herzog H, Cohen MA, Dakin CL, et al.
Gut hormone PYY(3-36) physiologically inhibits food intake. Nature
2002;418:650-4.

Holzer P, Reichmann F, Farzi A. Neuropeptide Y, peptide YY and pancreatic
polypeptide in the gut-brain axis. Neuropeptides 2012;46:261-74.
Ravussin Y, Koren O, Spor A, LeDuc C, Gutman R, Stombaugh ], et al. Re-
sponses of gut microbiota to diet composition and weight loss in lean and
obese mice. Obesity (Silver Spring) 2012;20:738-47.

Queipo-Ortuno MI, Seoane LM, Murri M, Pardo M, Gomez-
Zumaquero JM, Cardona F, et al. Gut microbiota composition in male
rat models under different nutritional status and physical activity and
its association with serum leptin and ghrelin levels. PLoS One
2013;8:e65465.

Rajala MW, Patterson CM, Opp JS, Foltin SK, Young VB, Myers MG Jr. Leptin
acts independently of food intake to modulate gut microbial composition
in male mice. Endocrinology 2014;155:748-57.

Parnell JA, Reimer RA. Prebiotic fibres dose-dependently increase satiety
hormones and alter Bacteroidetes and Firmicutes in lean and obese JCR:
LA-cp rats. Br ] Nutr 2012;107:601-13.

Vrieze A, Van Nood E, Holleman F, Salojarvi J, Kootte RS, Bartelsman |F,
et al. Transfer of intestinal microbiota from lean donors increases insulin
sensitivity in individuals with metabolic syndrome. Gastroenterology
2012;143:913-916 e7.

Kjems LL, Holst JJ, Volund A, Madsbad S. The influence of GLP-1 on
glucose-stimulated insulin secretion: effects on beta-cell sensitivity in
type 2 and nondiabetic subjects. Diabetes 2003;52:380-6.

Osto M, Abegg K, Bueter M, le Roux CW, Cani PD, Lutz TA. Roux-en-Y
gastric bypass surgery in rats alters gut microbiota profile along the in-
testine. Physiol Behav 2013;119:92-6.

Liou AP, Paziuk M, Luevano JM Jr, Machineni S, Turnbaugh PJ, Kaplan LM.
Conserved shifts in the gut microbiota due to gastric bypass reduce host
weight and adiposity. Sci Transl Med 2013;5:178ra41.

Scarlett JM, Schwartz MW. Gut-brain mechanisms controlling glucose
homeostasis. F1000 Prime Rep 2015;7:12.

Szczesniak O, Hestad K, Hanssen JF, Rudi K. Isovaleric acid in stool cor-
relates with human depression. Nutr Neurosci; 2015. http://dx.doi.org/
10.1179/1476830515Y.0000000007 [Epub ahead of print].

Keightley PC, Koloski NA, Talley NJ. Pathways in gut-brain communica-
tion: evidence for distinct gut-to-brain and brain-to-gut syndromes. Aust
N Z ] Psychiatry 2015;49:207-14.

Please cite this article in press as: Kashtanova DA, et al., Association between the gut microbiota and diet: Fetal life, early childhood, and
further life, Nutrition (2016), http://dx.doi.org/10.1016/j.nut.2015.12.037



http://refhub.elsevier.com/S0899-9007(15)00534-1/sref54
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref54
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref54
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref55
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref55
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref55
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref56
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref56
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref56
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref57
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref57
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref58
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref58
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref58
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref59
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref59
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref59
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref59
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref60
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref60
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref60
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref60
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref61
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref61
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref61
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref61
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref62
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref62
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref62
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref62
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref63
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref63
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref63
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref64
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref64
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref64
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref64
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref65
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref65
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref65
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref65
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref65
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref66
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref66
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref66
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref66
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref67
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref67
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref67
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref68
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref68
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref68
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref69
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref69
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref69
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref69
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref70
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref70
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref70
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref70
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref71
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref71
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref71
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref72
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref72
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref72
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref72
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref72
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref73
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref73
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref73
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref74
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref74
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref74
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref74
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref75
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref75
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref75
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref76
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref76
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref76
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref77
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref77
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref77
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref77
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref78
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref78
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref78
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref78
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref79
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref79
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref79
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref80
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref80
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref81
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref81
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref81
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref82
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref82
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref82
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref82
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref83
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref83
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref83
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref84
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref84
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref84
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref85
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref85
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref85
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref86
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref86
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref86
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref86
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref87
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref87
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref87
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref87
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref88
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref88
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref88
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref88
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref89
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref89
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref89
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref90
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref90
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref91
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref91
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref91
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref92
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref92
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref92
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref92
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref92
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref93
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref93
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref93
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref94
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref94
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref94
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref95
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref95
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref95
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref95
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref96
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref96
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref96
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref97
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref97
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref97
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref98
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref98
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref98
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref99
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref99
http://dx.doi.org/10.1179/1476830515Y.0000000007
http://dx.doi.org/10.1179/1476830515Y.0000000007
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref101
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref101
http://refhub.elsevier.com/S0899-9007(15)00534-1/sref101

	Association between the gut microbiota and diet: Fetal life, early childhood, and further life
	Introduction
	Gut microbiota establishment and diet
	Antenatal period and delivery
	Early childhood: breast and formula and complementary feeding

	Nutrients in a diet affecting gut microbiota
	Gut microbiota and carbohydrates
	Fibers intake and gut microbiota
	Starches
	Nonstarch polysaccharides


	Gut microbiota and proteins
	Gut microbiota and fats

	Gut microbiota and regular diets
	Gut microbiota and vegetarian diets
	Gut microbiota and Mediterranean diet
	Gut microbiota and human appetite

	Conclusion
	References


