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Obesity is considered an epidemic by the World Health Organization. In

particular, maternal obesity can affect the development of obesity and other

related metabolic disorders in infants. Recently, both animal and human

studies have pointed to the importance of the gut microbiome in facilitating

the transmission of the obesity phenotype from mother to offspring. The

gut microbiome changes significantly during the progression of pregnancy,

and the microbiota of the amniotic fluid and placenta have recently been

shown to colonize the infant gut in utero. Microbial composition, diversity,

and richness are significantly altered by maternal obesity, which in turn affects

the infant’s acquisition of the gut microbiome and their risk to develop

metabolic disorders. C-section has also been shown to affect the colonization

of the infant gut and offspring metabolic and immune health. This narrative

review seeks to discuss the role of the gut microbiome in the transmission

of the obesity phenotype from mother to child, as well as how birth delivery,

breastfeeding, and probiotic interventions may modulate this relationship.

KEYWORDS
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1 Introduction

Approximately 40% of women in the US had obesity (1). Maternal obesity can
increase the risk of childhood obesity by >2 times (2, 3) which is alarming due
to the high obesity levels worldwide (4). Both human and animal models have
demonstrated that maternal obesity can contribute to many obesity-linked metabolic
and immune disorders in offspring, including increased risk of hypertension, insulin
resistance, and systemic inflammation (5, 6). There have been many mechanisms
hypothesized to contribute to the intergenerational transmission of obesity, including
the previously recognized genetic and environmental factors and the newly identified
gut microbial composition.

The gut microbiome of an infant develops significantly during the first year of
life and recent animal and human research is trying to explore the role of the gut
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microbiome in the development of diseases (7, 8). Many human
studies have shown that the diversity and composition of the gut
microbiome are significantly altered in pregnant women with
obesity, which in turn can play a factor in the development
of obesity in children (9, 10). For instance, pregnant women
with obesity tend to have higher levels of Bacteroides and
Staphylococcus in their third trimester when compared to
pregnant women of normal weight (9). Recently, research
has established that the maternal gut microbiota exists in the
placenta of pregnant women, which strongly supports that the
maternal microbiome may be transferred to the infant prior to
birth, playing an important role in establishing the infant gut
microbiome (11, 12). Thus, there is a need to assess how obesity
can affect this transmission and in turn lead to the development
of other transgenerational metabolic disorders.

The study of the transmission of the maternal gut
microbiota to infants, however, can be complicated by
a host of other factors including the method of birth
delivery, breastfeeding, and the use of antibiotic and probiotic
interventions at an early age (7, 13). Cesarean delivery, or
C-section, is a surgical procedure by which an infant is delivered
through an incision in the mother’s abdomen, often in the
case that vaginal delivery may put the mother or infant at
risk. C-section has been shown to alter the gut microbiome
in the first year of life, with infants born through C-section
having lower Bifidobacterium, Streptococcus, and Lactobacillus
genera (2). However, the simultaneous effect of maternal obesity
during pregnancy and C-section has not been studied which is
represents a key gap in knowledge as mothers with overweight
or obesity are more likely to give birth by C-section (14, 15).

Probiotics have been shown to have beneficial effects on the
gut microbiota of infants born through C-section, helping it
to more closely resemble that of infants born through vaginal
delivery (16). However, it is unclear how this effect may differ
between babies born to mothers with normal weight versus
those born to mothers with obesity.

This review aims to evaluate how the gut microbiome
is potentially involved in mother-to-infant obesity phenotype
transmission and how this relationship may be modified by the
method of birth delivery, breastfeeding, and the use of probiotic
treatments. Furthermore, the impact of maternal obesity on
their child’s metabolic and immune systems by potentially
acting through the passage of gut microbial composition will
also be discussed.

2 Maternal obesity and pregnancy

2.1 Changes in the gut microbiome
during pregnancy

To support the development of a growing fetus, the body
undergoes many changes that often resemble changes associated

with metabolic disorders, including decreased insulin sensitivity
and higher levels of inflammatory cytokines (17–19). However,
unlike metabolic syndrome, changes in insulin sensitivity and
increased adiposity are protective in pregnancy and generally
increase nutrient intake for the growing fetus (18, 20). Analysis
of the gut microbial composition of pregnant women has shown
a significant reduction of phylogenetic diversity from the first to
the third trimester (21). Levels of inflammatory cytokines such
as IL-2, IL-6, TNF-α, and IFN-γ were also significantly elevated
in the stool samples of the third trimester (21). Furthermore,
transferring stool samples from women in their third trimester
to germ-free mice induced weight gain, decreased insulin
sensitivity, and increased inflammation (21). As Proteobacteria
have previously been associated with inflammation and
dysbiosis in human studies, the gut microbiome provides a
possible mechanism by which metabolism and immunity are
altered during pregnancy (22, 23). Other studies have similarly
suggested that the gut microbiome diversity significantly
changes throughout pregnancy; however, conflicting evidence
exists (24–26). Therefore, more investigation must be completed
to elucidate the modifications in the maternal gut microbiome
during pregnancy and how these contribute to immune and
metabolic changes in both mother and infant.

2.2 Effects of maternal obesity on
pregnancy-related gut microbiome
changes

Pregnant women with obesity have significantly higher
levels of Bacteroides, Staphylococcus, and Clostridium (9).
Bacteroides species have been previously reported to harvest
energy more efficiently than other microbes in both human
and animal models (9, 27). A significant increase in the relative
abundance of Staphylococcus and Enterobacteriaceae species as
well as Escherichia coli have also been detected in pregnant
women with obesity when compared to pregnant women with
normal weight. However, unlike Collado et al., they found
a significantly lower level of Bacteroides (28). Although the
precise relationship between gut microbial composition and
weight gain during pregnancy remains to be clarified, it is clear
that significant differences in the gut microbial composition of
pregnant women with obesity versus pregnant women with a
normal BMI do exist.

Short-chain fatty acids (SCFAs) are products of bacterial
metabolism in the gut and include acetic acid, butyric acid,
and propionic acid. During pregnancy, changes in the gut
microbiome result in altered levels of SCFAs. Studies on
microbial populations in pregnant women found that women
with obesity have significantly reduced levels of butyrate-
producing species such as those in the genus Clostridiales
and Lachnospiraceae, and therefore, much lower levels of
circulating butyrate (29). Animal models have shown that
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butyric acid contributes to anti-inflammatory activity by
activating regulatory T (Treg) cells and inhibiting IL-17 release
(30). Indeed, administration of butyrate to pregnant mice has
been demonstrated to reduce levels of pro-inflammatory factors
including TNFα and IL1-β (31). Similarly, propionic acid, which
is produced by Bacteroides and Firmicutes species, is reported
to have beneficial health effects in both rodents and humans,
although the mechanisms of these effects are still relatively
unknown (32). On the contrary, propionic acid is positively
correlated with HbA1c and plasma glucose levels in pregnant
women with obesity (33). Therefore, there is emerging evidence
suggesting that changes in the gut microbiome contribute to
increased inflammation during pregnancy for women with
obesity due to differences in SCFA abundance.

SCFAs have also been reported to have relations with
hypertension and type 2 diabetes mellitus (T2DM), metabolic
disorders associated with obesity. Bacteroides (SCFA producers)
are reported to have a negative correlation with blood pressure
while rats with hypertension were found to have decreased
quantity of SCFA-producing bacteria (34, 35). While similar
observations have been made for pregnant women, it is
still unclear how exactly SCFAs contribute to hypertension
throughout pregnancy. Similarly, patients with T2DM have
decreased concentration of butyrate-producing bacterial species
(36). Since butyrate and other SCFAs have been reported to
increase insulin sensitivity and glucagon-like-peptide-1 (GLP1)
release in animal studies, reduced SCFA levels in pregnant
women, and especially pregnant women with obesity, may
be contributing factors for the insulin resistance commonly
observed during pregnancy (37, 38). Altogether, these studies
suggest that the gut microbiota and its byproducts contribute to
the metabolic and immune system between women of normal
weight and women with obesity.

3 Maternal obesity and the infant
gut microbiome

3.1 Establishment of the infant gut
microbiome

The sterile womb hypothesis holds that human infants are
born in a sterile environment facilitated by the placental barrier
(39). Human studies conducted by Theodore Escherich and
Burrage seemed to confirm that neither the amniotic fluid
nor placenta contained any bacteria during pregnancy (40).
Even recently, researchers confirmed in human studies that
the meconium, or the first stool passed by infants, was largely
free from any bacteria (41). However, the use of techniques
such as quantitative reverse transcription PCR (RT-qPCR) and
16S-rRNA sequencing in human research beginning in the
late 20th and early 21st centuries has elucidated findings that
challenge the sterile womb hypothesis (42–44). Recent research

suggests that in humans, both the fetal lungs and placenta
have distinct microbiome profiles as early as the first trimester
of pregnancy, and other studies have confirmed that bacterial
DNA is present in the human placenta (11, 45). Likewise, the
placenta and amniotic fluid have distinct microbiota profiles
that share features with the bacteria present in infant meconium,
which is characterized by low richness and diversity and
high abundance of Proteobacteria. Similar findings have been
confirmed in animal models, in which mice fetal intestinal
bacteria overlaps with the microbiome profile of the placenta
(46). In a study of 21 healthy human neonates, researchers found
that bacteria of the genera Enterococcus and Staphylococcus were
most prevalent in meconium samples (47). Meconial bacterial
composition isolated from the stool of neonates born to healthy
mothers both vaginally and by C-section has also been found
to differ significantly from the stool of healthy adults, with
higher abundance of Proteobacteria and lower abundance of
Bacteroidetes (48). Together, these findings further challenge
the sterile womb hypothesis (49). However, the exact route of
transmission from the mother’s gut to the placenta and the
developing fetus has yet to be clarified.

3.2 Effects of maternal obesity on the
establishment of the infant gut
microbiome

Maternal obesity can significantly alter the composition of
the offspring gut microbiome during pregnancy and therefore
impact the establishment of the infant’s gut microbiome. Human
infants born vaginally to mothers with overweight or obesity
had significantly higher levels of Bacteroides compared to
infants born vaginally to mothers of normal weight (2). Higher
species richness within the Firmicutes phylum, as well as lower
abundance of the Proteobacteria families Enterobacteriaceae
and Pasteurellaceae and a higher abundance of the Firmicutes
family Lachnospiraceae, have been reported in infants born to
mothers with overweight or obesity (14). These infants were also
approximately three times more likely to develop overweight or
obesity between 1 and 3 years of age (14). The Lachnospiraceae
family has been found to be associated with the development
of diabetes and adiposity in obese mice (50, 51) however, in
humans, Lachnospiraceae has shown to be significantly lower in
pregnant women with obesity (29). This contradiction illustrates
the difficulty of translating animal to human gut microbiota
research. Animal studies have demonstrated that high fat diets
(HFD) can induce gut dysbiosis, and this obesity-associated
gut microbial composition can significantly impact the gut
microbial signature of the offspring (52). Fecal transplants
from mice fed HFDs cause a reduction in beta-diversity and
reduced abundance of Firmicutes species when compared to
those fed a control diet (52). Female offspring born to the
dams that received the stool transplant from HFD mice also
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had significantly higher body weight and body fat composition
9 weeks after birth when compared to those born to control diet
dams, while male offspring had significantly increased anxious
and compulsive behavior (52). Firmicutes species produce the
SCFA butyrate, which has been shown to affect inflammation,
behavioral and neurological function, and the maintenance of
the gut intestinal barrier in rodents (52–54). It is hypothesized
that decreased levels of circulating butyrate may increase the
permeability of the intestine and facilitate microbial transfer
from the intestinal lumen into the circulation, which could
disrupt brain signaling pathways in both humans and rodents
(53, 55). Studies in animals have demonstrated that butyrate
increases insulin sensitivity while reducing inflammation and
food intake; a decrease in butyrate concentration due to both
pregnancy and obesity can further influence the maternal and
thus the infant’s gut metabolism and immune system (30,
37, 56).

Studies in humans estimate that the odds of developing
childhood obesity for infants born to mothers with obesity are
between 1.5 and 4 times higher when compared to infants born
to mothers of normal weight (2, 14, 57). Research has shown
that offspring born to women with obesity had lower levels of
fecal butyrate as well as reduced abundance of SCFA-producing
bacteria (58). Surprisingly, and in an opposite direction of
what we would have expected, researchers also found that the
microbiome of infants born to mothers with obesity had greater
alpha-diversity at 12 months when compared to infants born to
mothers of normal weight, and this alpha-diversity moderately
predicted greater adiposity at 12 months of age (58). Thus, it
seems that the maternal obesity-associated development of the
infant gut microbiome may contribute to the intergenerational
transmission of the obesity phenotype (Table 1).

4 Birth delivery methods and the
infant gut microbiome

4.1 Effects of C-section on the
establishment of the infant gut
microbiome

In addition to exposure to microbiota in the uterine
environment, the colonization of the human infant gut
microbiome is also affected by the method of delivery. During
vaginal delivery, species of the vagina also contribute to
the establishment of the infant intestinal bacteria, and this
process has been reported to be disturbed during C-section
(59). While a C-section may be critical in reducing infant
and maternal mortality in many cases, the differences
in gut microbial composition when comparing infants
delivered through C-section versus those born vaginally, may
have long-term consequences on the offspring’s immune
system and metabolism.

Studies in humans have shown that the gut microbiome
of infants born via C-section closely resembles that found
on the skin (60). This may indicate that unlike infants who
are born vaginally, infants born through C-section acquire
microbiota through the operating room environment due to the
lack of perineal and vaginal contact during delivery (61, 62).
Delayed colonization of the gut by species including Bacteroides,
Lactobacillus, Bifidobacterium, and Bacteroidetes in infants born
by Csection has been demonstrated by multiple human studies
(63–66). Reyman et al. confirmed that at 1 week, infants born
vaginally have significantly higher levels of Bifidobacterium,
which has shown to be associated with positive health outcomes
(67). In a study conducted with 82 newborns, infants born
by C-section had significantly higher levels of Staphylococcus
and Streptococcus genera when compared to infants born
vaginally, with Staphylococcus species remaining significantly
greater after 1 month (63). Infants born by C-section were
also found to have significantly lower bacterial richness and
diversity than infants born vaginally, as well as high levels
of Firmicutes, especially Clostridium and Enterococcus (59,
65, 68). Furthermore, researchers have found that bacterial
richness, diversity, and composition differ significantly between
elective and emergency C-sections (59, 69). Therefore, the
mechanism by which these different procedures contribute to
the development of the infant gut microbiome needs to be
further clarified.

4.2 Association between birth delivery
and maternal obesity in the
transmission of the obesity phenotype

Staphylococcus levels are significantly elevated in human
infants born by C-section (63). This genus has been shown to be
positively associated with obesity and increased energy intake,
and as such, it is possible that infants born by C-section may also
be at risk for obesity (70–73). Similarly, infants born through
C-section have lower α-diversity which has been associated with
higher risk to develop obesity and type 2 diabetes (13, 27, 74).
Infants born by C-section were between 1.4 and 1.7 times more
likely to develop childhood overweight or obesity after adjusting
for potential confounders (2, 73, 75, 76).

It should also be noted that maternal overweight and obesity
are associated with 1.5 times greater odds of giving birth by
C-section, which could in turn mediate the association between
maternal and child obesity and thus should be controlled in
studies analyzing the gut microbiota (14).

5 Discussion

Several factors can be employed to prevent or ameliorate
the negative effects brought by maternal obesity and C-section.
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TABLE 1 Summary of the impact of human maternal obesity on
offspring obesity and gut microbiome colonization.

Finding References

Infants born to mothers with obesity are 1.5–4 times more
likely to develop childhood obesity

(2, 14, 57)

Mothers with obesity are more likely to give birth by
C-section, infants born via C-section are more likely to
develop childhood obesity

(14, 73)

Delayed gut colonization and ↓ bacterial richness and
diversity in C-section delivered infants

(59, 63–66)

↑ Firmicutes richness and Lachnospiraceae abundance in
infants born to mothers with obesity

(14)

Breastfeeding protects against infant gut microbial changes
associated with C-section delivery

(88–90)

Probiotic administration during pregnancy, has shown
promising results. Particularly, it has shown to increase
Bifidobacterium abundance in infants (77), and in pre-term
infants it has shown to improve intestinal colonization,
intestinal barrier, and bacterial diversity, with a reduction
of inflammatory cytokines, which would have otherwise
contributed to necrotizing enterocolitis, highly common in
preterm infants (78, 79). Importantly, however, changes in the

microbiome seem to stop after probiotic cessation (80). Thus,
the effects of probiotics seem to be short lived.

Human breast milk contains many bacterial species that
support infant metabolic and immune development (81).
Human milk increases microbial diversity, stimulates the
growth of beneficial species such as Bifidobacterium, and
decreases the risk for infections (81–83). Bifidobacterium
longum in particular, is elevated in human infants that are
breastfed, and has been shown to reduce gut permeability (84,
85). Breastfeeding also seems to protect the gut microbiota of
babies born through C-section helping them to more closely
resemble the gut microbiome of infants born vaginally (86–88).
Furthermore, breastfeeding has been shown to decrease the risk
of developing obesity and diabetes in childhood and adolescence
(89, 90). Unfortunately, pregnant women with obesity, who are
more likely to undergo C-section, also show poor breastfeeding
practices. Therefore, these practices can individually and in
combination reinforce the intergenerational transmission of
obesity (Figure 1).

In summary, the gut microbiome may be a key factor in
the intergenerational transmission of obesity. Obesity alters
a pregnant woman’s gut microbiome’s richness, diversity,
composition, and thus derived metabolites, and this microbiota
is transferred in utero to the infant, which seems to increase
their future risks of developing obesity. In addition to maternal

FIGURE 1

Maternal obesity directly and indirectly contributes to the intergenerational transmission of obesity through disruptions in the gut microbiota. It
increases the likelihood to undergoing C-section and it decreases the likelihood of breastfeeding, both of which have independently shown to
negatively affect the offspring’s gut microbiome. Infants with an altered gut microbiota are at higher risk to develop obesity amongst many
other comorbidities. Vaginal birth, breastfeeding, and probiotic consumption during pregnancy have shown to protect the infant’s gut microbial
diversity and composition.
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obesity, C-section also puts infants at greater risk for developing
obesity which is concerning as mothers with obesity are more
likely to undergo C-sections and less likely to breastfeed, activity
that could help to ameliorate the negative impact of C-section.

To this day, however, identification of the specific gut
bacterial species related to the intergenerational transmission
of obesity has not been possible. Determining the gut bacterial
species and gut-derived metabolites associated with obesity
in humans has been difficult due to the high variation in
analytical procedures. We encourage future research to study, in
addition to gut bacterial composition, the gut bacteria-derived
metabolome as the association between these two components
can help to better understand the profiles associated with obesity
development and transmission. Understanding the gut bacterial
composition can help us to identify the direct interactions with
the host, whereas analyzing the metabolome can contribute to
detect indirect interactions through metabolite production.
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