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OBJECTIVES: The purpose of this review is to investigate the relationship between gastrointestinal microbiome, obesity, and
gestational diabetes mellitus (GDM) in an objective manner.
METHODS: We conducted a thorough and comprehensive search of the English language literatures published in PubMed, Web of
Science, and the Cochrane Library from the establishment of the library until 12 December 2023. Our search strategy included both
keywords and free words searches, and we strictly applied inclusion and exclusion criteria. Meta-analyses and systematic reviews
were prepared.
RESULTS: Six high-quality literature sources were identified for meta-analysis. However, after detailed study and analysis, a certain
degree of heterogeneity was found, and the credibility of the combined analysis results was limited. Therefore, descriptive analyses
were conducted. The dysbiosis of intestinal microbiome, specifically the ratio of Firmicutes/Bacteroides, is a significant factor in the
development of metabolic diseases such as obesity and gestational diabetes. Patients with intestinal dysbiosis and obesity are at a
higher risk of developing GDM.
CONCLUSIONS: During pregnancy, gastrointestinal microbiome disorders and obesity may contribute to the development of GDM,
with all three factors influencing each other. This finding could aid in the diagnosis and management of patients with GDM through
further research on their gastrointestinal microbiome.
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INTRODUCTION
Trillions of microbial cells essential to human health are present
in the human body. The gastrointestinal microbiome, located on
the surface of the intestinal mucosa, is the largest microbial
ecosystem in the human body and is involved in epithelial
homeostasis, energy harvesting and immune development [1, 2],
and has a major impact on nutrient and energy metabolism, with
significant implications for human health [3]. Based on their
relationship to host health, the gastrointestinal microbiome can
be categorized into beneficial, harmful and conditionally
pathogenic bacteria [4]. There is no single optimal gastrointest-
inal microbiome composition, as it varies from individual to
individual, and it is important to maintain a healthy balance
between the host and the pathogens in order to achieve optimal
metabolic and immune functions [5]. Changes or ecological
disturbances in the normal composition of the gastrointestinal
microbiome are defined as an imbalance between commensal
and pathogenic bacteria [6], and the gastrointestinal micro-
biome can regulate each other to maintain the abundance and
diversity of the microbiome in a dynamic equilibrium [4]. Due to
changes in the body’s endocrine status, immune function, age
profile, dietary structure, environmental and genetic factors, the
gastrointestinal microbiome can become dysbiotic and show
changes in abundance and diversity, this can lead to the

development of metabolic disorders such as obesity and
diabetes [6].
Overweight and obesity are significant global health issues and

are significant risk factors for GDM [7]. Overweight and obesity
have a strong association with adverse pregnancy outcomes. An
increase in pre-pregnancy body mass index (BMI) significantly
increases the risk of fetal miscarriage, neonatal hypoglycemia, fetal
malformations, large for gestational age, macrosomia, and
cesarean section [8, 9]. Obesity reduces the number of insulin
receptors and causes receptor defects, leading to insulin
resistance (IR) and higher fasting insulin levels. This affects glucose
transport, utilization, and protein synthesis. Women are particu-
larly susceptible to GDM due to excessive nutritional intake during
pregnancy.
GDM is one of the most common complications of pregnancy

and is defined as the first occurrence of diabetes during
pregnancy due to abnormal glucose metabolism [7, 10]. The
International Diabetes Federation estimates that the global
prevalence of diabetes will increase to 10.2 percent (578 million
people) by 2030 and to 10.9 percent (700 million people) by 2045
[11]. In normal pregnancy, especially towards the third trimester of
pregnancy(T3), beta(β) cells secrete more insulin to compensate
and maintain normal blood glucose levels due to IR. However, in
GDM, certain changes lead to a reduction in insulin sensitivity,
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impairment of insulin secretion and the development of
carbohydrate intolerance [12]. The molecular mechanisms by
which these changes take place are still not clear.
In recent years, research into the relationship among the

gastrointestinal microbiome and obesity and GDM has become a
major topic in medicine, but the results of these studies on the
upregulation or downregulation of the gastrointestinal micro-
biome are not consistent because the subjects were from different
countries and races, and the tests used were different. Due to the
high degree of heterogeneity of the cohort studies in these areas,
it was not possible to perform combined analyses. Therefore, this
review aims to provide a comprehensive overview of these three
areas of research, to further our understanding of GDM, to identify
new targets for treatment of GDM, and ultimately to provide
guidelines for clinicians.

COMPOSITION AND CHARACTERISTICS OF THE
GASTROINTESTINAL MICROBIOME DURING PREGNANCY
The microbiome, which is the collection of all gastrointestinal
microbial genes in an individual, is an order of magnitude larger
than the human genome [13, 14]. The adult intestinal is colonized
by at least 1800 genera and approximately 15–36,000 species of
bacteria [15]. The human gastrointestinal microbiome consists of
four main groups: Firmicutes, Bacteroides, Actinomycetes, and
Proteus [16]. The ratio of Firmicutes to Bacteroides(F/B) is a crucial
parameter that reflects dysbiosis of the gastrointestinal microbiome
[17]. According to molecular analyses targeting 16S rRNA, the fecal
samples of healthy human volunteers contained bacteria primarily
from two phyla: Firmicutes and Bacteroidetes. These bacteria were
predominantly anaerobic species [18]. Compositionally, the gastro-
intestinal microbiome of the entire pregnant population is also

dominated by members of Firmicutes and Bacteroidetes, which
account for approximately 90% of the microbial environment in the
intestine [5, 19]. Currently, there is a great deal of variation in the
study of gastrointestinal microbiome in various countries, possibly
due to factors such as study populations from different races,
different ages, the use of different test methods, contamination of
study reagents, and statistical differences.

THE ROLE OF BILE ACIDS
It is worth noting that bile acids (BA), which are a type of
amphiphilic steroid produced in the liver and modified by the
microbiome, are increasingly recognized as contributing to the
pathogenesis and progression of metabolic diseases such as
obesity and diabetes. BAs promote the absorption of intestinal fat.
They also have hormone-like functions by activating nuclear and
membrane-bound receptors, which regulate glucose, lipid and
energy metabolism, intestinal integrity and immunity [20]. The BA
biotransformation process is shown in Fig. 1 [21].
Glucose homeostasis is a crucial physiological process affected

by BAs. BA signaling pathways, such as the nuclear hormone
receptor FXR [22] and TGR5 [23], are highly conserved metabolic
regulatory pathways between mouse models and humans, and
they affect IR. Additionally, BA regulates dozens of genes involved
in metabolic homeostasis through the activation of fibroblast
growth factor 19 in humans [24]. Studies in mice have shown that
FXR regulates the release of glucagon-like peptide-1 (GLP-1) [25],
This peptide promotes gluconeogenesis [26] and browning of
white adipose tissue in the liver and muscle [27]. The influence of
diet on BA signaling is also evident. Studies on FXR in various
animal models of metabolic disorders have yielded inconsistent
results. However, several studies have demonstrated that mice

Fig. 1 Bacterial BA biotransformation [21]. Cholesterol is converted to primary BAs in the liver. Primary BAs are conjugated with primarily
taurine in mice or glycine in humans before being transported to the gallbladder for storage in the form of bile. On ingestion of dietary fats,
primary conjugated BAs (within bile) are released into the gut lumen to aid lipid absorption. Bacteria with BSH deconjugate BAs, thereby
weakening their soap-like qualities. This allows other microbiome members to further modify them into secondary BAs. Some secondary BAs
can be transported back to the liver, where they are then conjugated. The interaction between the gut microbiome and BAs leads to
modulation of FXR and TGR5 agonists and antagonists, and thus, allows the gut microbiome to affect host metabolism (Note: T taurine, G
glycine. In humans: TCA taurocholic acid, TCDCA taurochenodeoxycholic acid. In mice: TαMCA tauro-α-uricholic acid, FXR farnesoid X receptor,
TGR5 G protein-coupled BA receptor 1).
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lacking FXR on a regular diet develop hyperglycemia and
hypercholesterolemia [28]. Additionally, feeding FXR-deficient
mice a high-fat diet prevented obesity and improved glucose
homeostasis [29, 30]. TGR5 is expressed in various organs
including the gallbladder, lung, spleen, liver, bone marrow, and
placenta [28]. It is also present in intestinal L cells, immune cells
such as Kupffer cells, muscle, and brown adipose tissue [21]. TGR5
activation in brown adipose tissue promotes calorie production
from stored fat. In L cells, TGR5 activation affects glucose
homeostasis primarily through the secretion of GLP-1 [21].
Circadian rhythms also affect human glucose metabolism, with

a 34% decrease in insulin sensitivity at night compared to the
morning [31]. Disturbances in circadian rhythms are considered a
significant factor in metabolic disorders. The roles of intestinal
microbiome and BA metabolism have received significant
attention. A recent study highlights the importance of maintaining
proper oscillations of Ursodeoxycholic acid in a lean state to
synchronize insulin sensitivity oscillations [32]. However, the
function of the gut microbiota-bile acid axis in regulating circadian
rhythms of metabolic homeostasis remains largely unknown and
requires further exploration in the future.

THE RELATIONSHIP AMONG GASTROINTESTINAL
MICROBIOME, OBESITY AND GDM
During pregnancy, around 20% of patients develop pre-diabetes
or type 2 diabetes Mellitus [33]. Hormone levels undergo various
changes during pregnancy, particularly with a significant increase
in luteinizing hormone and estrogen levels, which produce many
physiological effects. These hormone levels may affect the
composition of the microbiome [34]. In addition, changes in
modern lifestyles and the use of antimicrobial drugs have led to a
decrease in the diversity of the gastrointestinal microbiome in
many populations in developed countries [35]. Dysbiosis of the
gastrointestinal microbiome can have several adverse effects on
the organism, such as imbalances between Firmicutes and
Bacteroidetes, which can lead to obesity and diabetes [36].
This review follows the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses protocol. We conducted a compre-
hensive search for both published and unpublished literature in
English up to 12 December 2023, using databases such as
PubMed, Web of Science, and the Cochrane Library. In order to
gather the literature, we established rigorous inclusion and
exclusion criteria and employed a search strategy that combined
keywords with free words or synonyms.
Inclusion criteria

(1) The study compared women during pregnancy with GDM
(experimental group) to those with normal glucose toler-
ance (control group), while also examining differences
between women with normal weight and those who were
overweight or obese.

(2) Fresh feces were collected from the subjects in the early
morning, and fasting venous blood was drawn to analyze
gastrointestinal microbiome and measure BMI.

(3) The study included both experimental and control groups to
investigate indicators of gastrointestinal microbiome, levels
of obesity, and blood glucose levels.

(4) Make sure that experimental and control groups were
comparable.

(5) Use randomized controlled trials, case-control studies, or
cohort studies.

(6) The literatures included in this study were written in English.

Exclusion criteria

(1) Studies on women with multifetal pregnancies or less than
10 cases.

(2) Studies for which the full text was not available or from
which no valid data could be extracted.

(3) This section excludes studies in the form of case studies,
reviews, and lectures.

Considering that this is the first systematic review so far to study
the association of gastrointestinal microbiome and obesity with
GDM, this direction was registered with PROSPERO (registration
number: CRD42023486272). After conducted a thorough literature
search and analysis (see Table 1 for the search process), a total of 6
relevant documents were identified for this study (see Table 2 for
the basic characteristics of the included documents), and there
was less comparability and more heterogeneity between the
groups, which made it impossible to perform a combined analysis.
Considering the above, a descriptive analysis of these few high-
quality documents is presented below.
It has been found that most studies on the involvement of

gastrointestinal microbiome in metabolic diseases rely on the use
of 16S rRNA marker genes [37]. The 16S rRNA genes of bacteria are
made up of conserved and variable parts, the latter being specific
to a given strain. Sequences from the V3 to V4 parts of the 16S
rRNA gene are generally accepted as representative of all 16S
rRNA sequences, and the analysis of sequences from the V3 to V4
parts of the 16S rRNA gene is used to determine the taxonomy of
each bacterial species [38]. Only one of the above six papers [39]
sequenced the V6–V8 variable region of 16S rRNA, but ultimately it
was the 16S rRNA that was investigated as a means to speculate
on its interaction with host metabolism.
Two studies have suggested a correlation between the

composition of gastrointestinal microbiome and both GDM and
weight status [36, 40]. Based on different periods of pregnancy,
Zhi-ying Song [4] concluded that significant differences in the
species composition of the gastrointestinal microbiome existed
between the purely overweight group and the group of normal
women in T3. In a study of a group of people who were both
obese or overweight, Marketa [41] concluded that significant
differences in the gastrointestinal bacterial microbiota of different
GDM pathogenesis groups existed in the first trimester of
pregnancy. The two remaining studies [39, 42] comparing the
composition of gastrointestinal microbiome between GDM and
women in pregnancy without GDM (non-GDM) groups found no
significant differences. In their analysis of the intestinal micro-
biome and weight, Yao Su and colleagues [36] discovered that the
ratio of F/B in the ultra-restructured gastrointestinal microbiome
of GDM was approximately 3:5, which is the opposite of other
groups. Zhi-ying Song [4] found a negative correlation between
pre-pregnancy BMI and Lactobacillus, as well as between weight
gain during pregnancy and Desulfovibrio in Proteobacteria.
(Table 3 presents the specific differences in the indicators of
gastrointestinal microbiome between the groups.)
The diagnosis of GDM is primarily based on a glucose tolerance

test. This involves measuring fasting glucose levels, as well as
glucose levels at 1 h (OGTT_1h) and 2 h (OGTT_2h) after
consuming a glucose solution. (Criteria: At least one of the three
blood glucose values must be equal to or greater than 5.1 mmol/L,
10.0 mmol/L, and 8.5 mmol/L, respectively.) The test is typically
performed between 24 and 28 weeks of gestation and follows the
guidelines developed by the International Association of Diabetes
and Pregnancy Research Groups [43]. The correlation analyses
conducted by Zhi-ying Song and others [4] found that the
composition and abundance of gastrointestinal microbiome have
an impact on GDM. Specifically, blood glucose values at OGTT_1 h
and OGTT_2 h were positively correlated with Bacteroides, and
negatively correlated with Prevotella. It is important to note that
these findings are based on objective data and do not include any
subjective evaluations. The study In Patricia [42] found a positive
correlation between the abundance of Christensenellaceae and
Enterobacteriaceae with plasma glucose levels one hour after
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OGTT. Conversely, Enterococci were negatively correlated with
plasma glucose levels two hours after OGTT. These findings
suggest potential implications for the diagnosis and treatment
of GDM.
A cohort study by Dualib et al. [42] concluded that in relation to

the development of GDM, alpha(α) and β diversity did not differ
between the GDM and Non-GDM groups, despite differences in
the relative abundance of specific bacteria. In our study, Thomas
et al. [39] found that no significant changes in the relative

abundance of major bacterial taxa were detected between
women in health and women with GDM at 28 weeks’ gestation,
and that the occurrence of GDM was associated with a decrease in
Shannon diversity (p= 0.02) but no different clustering as
measured by β-diversity, and that at 28 weeks’ gestation the
women with GDM had a decreased microbial richness and
evenness.
In Patricia’s study [42], the abundance of bifidobacteria and

peptidococci increased in the third trimester of pregnancy, but

Table 2. Basic characteristics of the included literature.

First
author

Source of
population

Type of literature Sample size and grouping

Yao Su
[36]

Shanghai,
China

Randomized
controlled trials

N= 122 (consisting of 71 normal pregnant women, 27 with GDM alone, 17 with
hyperrecombination alone, and 7 with both GDM and hyperrecombination)

Zhi-ying
Song [4]

Shanxi,
China

Randomized
controlled trials

N= 79 (consisting of 42 normal pregnant women, 12 with GDM alone, 16 with super-
reconstitution alone, and 9 with GDM and super-reconstitution)

Thomas
[39]

Australia Randomized
controlled trials

N= 58 (GDM group, n= 29; Non-GDM group, n= 29)

Bahiyah
[40]

Malaysia Prospective
observational
study

N= 38 (GDM group n= 12, Non-GDM group n= 26. Further groupings: Underweight, Normal
BMI, Pre-obese, Obese)

Patricia
[42]

Sao Paulo,
Brazil

Randomized
controlled trials

N= 115 (GDM group n= 56, Control group n= 59) (all obese or overweight)

Marketa
[41]

Olomouc,
Moravia

Randomized
controlled trials

N= 104 (consisting of a normal pregnant group, n= 22; GDM1 group, n= 29; GDM2 group,
n= 31; GDM3 group, n= 22)

Table 1. Process of literature search.
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there was no difference in α-diversity or overall microbiota
structure between the two groups. These results suggested a
degree of inconsistency, which could be due to differences in the
subject populations, experimental error, or the comparability of
the groups. Given that Patricia [42] included women who were
overweight or obese regardless of when GDM was diagnosed by
abnormal blood glucose, it is possible that the difference in BMI
contributed to the increased gastrointestinal microbiome abun-
dance, but this is only a preliminary hypothesis and further studies
with larger sample sizes are needed to support this conclusion.
Research has indicated that individuals with a low abundance of

gastrointestinal microbiome are more susceptible to dyslipidemia
[44]. In this study, Thomas and colleagues [39] found that the GDM
group had elevated levels of VLDL, triglycerides, venous glucose,
HOMA-IR, and C-peptide at 28 weeks of gestation when compared
to the control group. In a randomized controlled trial, Marketa [41]
also found that Escherichia/Shigella had a positive correlation with
plasma lipid levels, while Subdoligranulum had a negative
correlation with plasma lipid levels in the GDM group. Copro-
coccus, Akkermansia, Methanobrevibacter, Phascolarctobacterium,
and Alistipes were found to have a positive correlation with
acetate, valerate, 2-hydroxybutyrate, and 2-methylbutyrate levels,
respectively. In summary, these lipid metabolism abnormalities

contribute to the development of obesity and GDM, but the
specific indicators may vary among individuals.
Short-chain fatty acids (SCFAs) play a crucial role in glucose

homeostasis by providing additional energy from undigested
food. Butyrate, acetate, and propionate are the three main SCFAs
produced by gastrointestinal microbes during the fermentation of
nondigestible dietary fiber in the large intestine. SCFAs are most
concentrated in the cecum and proximal colon, with concentra-
tions decreasing towards the distal colon [21]. The type of SCFAs
produced and the diet determine the metabolic pathways
triggered through various receptors. SCFAs influence the regula-
tion of host lipid and glucose metabolism through G protein-
coupled receptors (GPCRs) linkages, such as GPR41 and GPR43
[45], as shown in Fig. 2. Disturbances in gastrointestinal
microbiome can lead to a reduced intestinal anti-inflammatory
response. Low levels of SCFAs can also reduce the activation of
GPCRs, leading to reduced activation of GPR41 and GPR43, which
can generate intestinal inflammation, insulin resistance, and
ultimately, diabetes [46]. Studies have shown that GPR43-
deficient mice become obese even on a normal diet, while mice
that specifically overexpress this receptor in adipose tissue remain
lean [47]. Additionally, GPR43 activation promotes the secretion of
GLP-1 in the intestine, enhancing insulin sensitivity [48]. SCFAs

Table 3. Differences in indicators of intestinal microbiome between groups.

First author Global differences in indicators of intestinal microbiome

Yao Su [36] Four groups of genus-level biomarkers of intestinal microbiome

Normal pregnant women
group

Clostridia and Clostridiales

GDM alone group Ruminococcaceae_UCG014

Ultra-recombinant alone Rahnella

GDM ultra-recombined Deinococcus, Obscuribacteralesjun, Clostridium_sensu_stricto_3, and Terrisporobacter

Zhi-ying
Song [4]

Characteristic intestinal microbiome at 24 weeks of gestation

Normal pregnant women
group

g-Ruminococcus

GDM alone group o_Desulfovibrionales, f_Desulfovibrionaceae, c_ Deltaproteobacteria, and g_Anaerostipes

GDM alone p_Verrucomicrobia, c_Verrucomicrobiae, o_Verrucomicrobiales, f_Verrucomicrobiaceaem and
g_Akkermansia

GDM ultra-recombined g_Lactobacillus

Characteristic intestinal microbiome at 37 weeks of gestation

Ultra-recombined alone f_Enterobacteriaceae and o_Enterobacteriales;

GDM ultra-recombined g_Eubacterium, g_Pyramidobacter and f_Dethiosulfovibrionaceae.

Thomas [39] GDM group (at 28 weeks’
gestation)

The g_Blautia in the f_Lachnospiraceae↑

The p_Bacteroidales ↓ , Lachnospiraceae↓

The g_Eggerthella was uniquely associated in women with GDM (abundance: 0.126; occurrence:
41%).

The genera Unclassified.RF39, Desulfovibrio and Dehalobacterium were uniquely associated in
euglycaemic women.

Bahiyah [40] GDM group Genera Acidaminococcus ↑ , Clostridium ↑ , Megasphaera ↑ , Allisonella↑

Barnesiella ↓ , Blautia↓

Obese patients Megamonas ↑ , Succinatimonas ↑ , Dialister↑

Normal and underweight
patients

Clostridia (Papillibacter, Oscillibacter, Oscillospira, Blautia, Dorea) ↑, Bacteroidia (Alistipes,
Prevotella, Paraprevotella)↑

Patricia [42] GDM group g_Bacteroides↑

Third trimester of pregnancy Bifidobacterium ↑ , Peptococcus↑

Marketa [41] Normal blood glucose f_Prevotellaceae ↑ , order Fusobacteriales ↑ , g_Sutterella↑

Abnormal FGP genera Enterococcus↑

Abnormal OGTT Erysipelotrichaceae UCG-003↑

Note: the genus: g_; the order: o_; the family: f_; the class: c_; the phylum: p_.
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deficiency can cause a loss of tight junctions and increased
enterocyte permeability. This can lead to increased absorption of
bacterial endotoxins, such as lipopolysaccharide, which in turn can
cause the production of pro-inflammatory cytokines. These factors
can predispose women to IR and GDM [49].
Normal gastrointestinal microbiome has a positive impact on

host metabolism. SCFAs activate GPCRs like GPR41 and GPR43.
These receptors are expressed in various cell types, including
intestinal epithelial cells, adipocytes, and immune cells [33].
Disruptions in the gastrointestinal microbiota can weaken the
intestinal anti-inflammatory response. Low levels of SCFAs can
also decrease GPCR activation, potentially resulting in intestinal
inflammation, IR, and ultimately GDM.

RELATIONSHIP BETWEEN INTESTINAL MICROBIOME AND GDM
Microbial abundance in women with GDM compared to non-GDM
is either reduced [50–52], unchanged, or elevated [19]. However,
there is currently no specific microbiota that can predict the
development of GDM. Generally, pregnancy leads to increased
bacterial loads and significant alterations in the composition of
the intestinal microbiome [53]. The composition of intestinal
microbiome during the first trimester of pregnancy(T1) is similar to
that of women in health and nonpregnancy [53]. Microbiome
disorders are highly characteristic in patients with GDM, particu-
larly in mid-pregnancy(T2), and can be used as a predictor of GDM
[54]. Significant alterations in the composition of the intestinal
microbiome were observed in women during pregnancy com-
pared to non-pregnant women, and from T1 to T3 [55, 56]. The
late pregnancy intestinal microbiome has been found to cause
weight gain, insulin resistance, and a greater inflammatory
response when transferred to germ-free mice compared to the
early pregnancy microbiota [55]. In T3, Koren et al. found an
increase in the abundance of the Actinobacteria and Aspergillus
phyla, and a decrease in the Faecalibacterium [55]. Ferrocino et al.

[54] discovered that individuals with GDM had an increased
abundance of Blautia, Butyricicoccus, and Clostridium, as well as a
decreased abundance of Bacteroides, Collinsella, and Rikenella-
ceae during T2 compared to T3 [19].
However, the gastrointestinal microbiome of patients with GDM

may be abnormal at several levels, including the phylum and
genus levels. According to a study [19], the GDM cohort had a
higher abundance of Actinobacteria at the phylum level and
Collinsella, Roseburia and Desulfovibrio at the genus level.
According to Koren [55], significant changes are identified by a
decrease in individual richness (α-diversity), an increase in
intersubject diversity (β-diversity), and altered abundance of
certain species.
An operational taxonomic unit (OTU) is a set of uniform markers

used to represent taxonomic units, such as phylum, order, family,
genus, and species. OTUs are created for the purpose of
facilitating analysis in phylogenetic or population genetics studies
[26, 57]. In a comparative study of intestinal microbiome
differences between healthy pregnant women and GDM patients,
two studies analyzed 18 [58], and 17 [19] bacterial OUTs,
respectively. The major differences in dysbiosis OUTs were
attributed to the Firmicutes (72.2% and 88.2%). This suggests
that alterations in the Firmicutes are a characteristic hallmark of
GDM. Therefore, strains specific to the Firmicutes require urgent
exploration in the future.
In a comparative study between women during pregnany in a

normal state and those with diabetes, Xing et al. found that GDM
subjects had a higher abundance of Lachnospiraceae family OTUs
and a lower abundance of Enterobacteriaceae and Rumatococca-
ceae. Two Lachnospiraceae OTUs (247 and 672) were positively
correlated with OGTT_1h at 24–28 weeks of gestation, and
bacterial OTUs (e.g., Enterobacteriaceae_OTU 123 and Rumato-
coccaceae_OTU 93) were associated with FBG levels at 12 weeks
of gestation [58]. Intestinal Lachnospiraceae bacteria have been
suggested to be positively associated with type 2 diabetes Mellitus

Fig. 2 Lipid molecules regulate host metabolism through GPR41 and GPR43 receptor linkage.
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[59]. A study conducted in China found that, at the species level,
the relative abundance of Clostridium_spiroforme, Eubacterium_-
dolichum, and Ruminococcus_gnavus was positively correlated
with FBG, while Pyramidobacter_piscolens was negatively corre-
lated with FBG [57]. A previous animal study also reported a
positive correlation between Lachnospiraceae OTUs and blood
glucose levels [60].
Ruminococcus gnavus is an anaerobic bacterium that is Gram-

positive. It belongs to the Firmicutes, it is also a member of the
family Lachnospiraceae. An increasing number of enteric and
extra-enteric diseases are associated with this bacterium [61]. Zhi-
ying Song [4] and Yao Su [36] found that g-Ruminococcus was a
characteristic biomarker for the normal pregnant women group
and Ruminococcaceae_UCG014 was a characteristic biomarker for
the GDM-only group, respectively. The study suggests that
Ruminococcaceae play a role in energy metabolism, insulin
signaling, and inflammatory processes. It also found that an
increase in the relative abundance of Ruminococcaceae is
associated with higher FBG concentrations and TR, which
increases the risk of developing GDM [62]. These findings indicate
the potential predictive value of specific microbial combinations
for GDM.
There is no predictive value of blood glucose values for the

development of severe GDM. Furthermore, differences in the
severity of GDM correspond to changes in gastrointestinal
microbiome [63]. In a prospective longitudinal study conducted
in Chiang Mai, Thailand, there were no differences in FBG,
OGTT_2h, and glycated hemoglobin levels at diagnosis between
patients with diet-controlled GDM and those requiring insulin
therapy [63]. However, unlike the literature included in this study,
GDM patients who ultimately required insulin therapy had higher
levels of Clostridium difficile [63]. Lactobacillus has long been
considered beneficial to the host by attenuating intestinal
mucosal barrier dysfunction, remodeling intestinal microbiota
composition, and reducing systemic inflammation [64–66]. How-
ever, there are conflicting accounts of its effects on GDM patients.
This study concludes that g_Lactobacillus may be a character-

istic gastrointestinal microbiome of overweight GDM patients,
distinguishing them from other patient groups [4]. A cross-
sectional study found that GDM patients had lower levels of
Lactobacillus casei than non-GDM controls before delivery [67].
Another study showed that the relative abundance of specific
Lactobacillus at diagnosis was higher in women with GDM than
non-GDM [68]. The varying results regarding different bacilli and
blood glucose levels can be attributed to different subgroups of
bacilli sequences. Therefore, it is important to explore the
microbiome further in order to gain a better understanding of
the role of various bacilli in female patients with GDM.

THE RELATIONSHIP BETWEEN GASTROINTESTINAL
MICROBIOME AND OBESITY
Animal and human studies have shown that obesity is associated
with an imbalance or ecological dysbiosis of the intestinal
microbiome [69], as the imbalance between energy consumption
and depletion favors the prevalence of disease-causing bacteria
[70], but the role of the intestinal microbiome in the development
of this disease and whether there is a causal relationship remains
controversial [37]. The gastrointestinal microbiome plays a crucial
role in the absorption of nutrients, in digestion and metabolic
activities, as well as in the efficiency and storage of energy [71].
However, changes in the composition of various factors caused by
the microbiota (ecological dysbiosis) may have adverse long-term
effects, leading to diseases such as obesity, intestinal inflamma-
tion, diabetes and metabolic syndrome in the host organism and
in future generations [72]. The effect of the intestinal microbiota
on host metabolism was first demonstrated in a 2004 study of
germ-free mice, which found that conventionally raised mice had

more total body fat than those raised in germ-free conditions [73].
Studies evaluating the increased ratio of F/B following microbiota
transplantation in obese individuals have not yet produced
consistent results [74, 75].
The maternal intestinal microbiota composition changes during

pregnancy and breastfeeding due to maternal metabolism
adjustments caused by the increased demands of the developing
fetus and postnatal infant, as well as the mother’s own
physiological changes [76]. Dysbiosis of the intestinal microbiome
is prevalent in obesity and is characterized by a reduction in the
diversity [44] and abundance of the intestinal microbiome in
obese individuals [77]. Studies have shown that individuals with
low intestinal microbiome abundance are more susceptible to
obesity, IR [78], and dyslipidaemia [44]. In patients with obesity,
the levels of mucinophilic Akkermansia muciniphila, Faecalibac-
terium prausnitzii, and Bacteroides were found to be decreased
[79–81], while the abundance of fungal phyla was significantly
increased [82–84].
A follow-up study was conducted in Finland with 256 women.

The study found that overweight and obese mothers had a higher
relative abundance of the Firmicutes, and there was a trend
towards a higher ratio of F/B [85]. Additionally, the ratio of F/B
decreased after weight loss in obese individuals [83]. It has been
suggested that the higher relative abundance of Prevotella
detected in women during pregnancy with obesity, compared
to those who are overweight, may contribute to glucose
metabolism through the metabolites produced [86].
Akkermansia is a Gram-negative, anaerobic, elliptical bacterium

that degrades mucin and inhabits the outer mucus layer of the
intestinal barrier [37, 87]. The mechanisms by which mucin
regulates obesity and glucose levels have not been fully
elucidated. In humans, its abundance and genetic richness are
positively correlated with healthy metabolic states, including
better body fat distribution and absence of metabolic syndrome
[88, 89]. A previous study demonstrated that Akkermansia
enhances thermogenesis and GLP-1 secretion, while reducing
the expression of proteins involved in adipocyte differentiation.
Additionally, it decreases the gene expression of glucose and
fructose transporter proteins in the jejunum, indicating a
reduction in carbohydrate absorption [90–92]. In conclusion, while
most studies suggest a beneficial role for Akkermansia in
metabolic profiling, its effects may be dual depending on dietary
patterns [37]. Moran noted that consistent observations in the
human intestinal microbiota and its interactions with diet and
genetics suggest that the microbial diversity of individuals with a
high BMI or obese individuals is lower. According to the study,
Christensenellaceae, Oscillospira, and Rikenellaceae were more
prevalent in individuals with a normal body weight, while
Bifidobacteria and Akkermansia were less abundant in those with
altered metabolism [37].

RELATIONSHIP BETWEEN OBESITY AND GDM
Maternal adiposity increases significantly during pregnancy due to
the increased nutritional needs of the fetus and the demands of
the mother’s own metabolism. This can lead to GDM due to the
development of IR. Obesity can also affect GDM through other
mechanisms, including impaired β-cell function and chronic low-
grade inflammation [93, 94]. This inflammation is mainly
manifested as dyslipidemia and a pro-inflammatory state during
pregnancy [95, 96]. Prospective studies have linked a range of
fatty acids, phospholipids, lipoproteins, certain glycolipids, and
cholesterol with incident GDM [97]. In a recent study of 1008
women’s lipidomic, it was observed that seven out of ten lipids
associated with BMI (four LPCs, two TGs, and one SM) were linked
to the risk of GDM, even after adjusting for maternal BMI [98].
Additionally, gestational weight gain has been experimentally
confirmed to be associated with an increased risk of developing
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GDM [99]. A Danish study found that 11 OTUs were associated
with gestational weight gain, with the majority being Clostridiales
(7 of 11 OTUs), when diabetic status was not taken into account.
Lower weight gain was associated with 7 OTUs, including a
Christensenella OTU (OTU_63) and an Alistipes OTU (OTU_128).
Weight gain was associated with 4 OTUs, including an Eisenber-
giella OTU (OTU_258) and a Lactobacillus OTU (OTU_80) [19].
Stored upper body fat in pregnant women with obesity can

increase the concentration of free fatty acids and lipotoxicity. This
can lead to inflammation, endothelial dysfunction, and reduced
trophoblastic invasion, ultimately decreasing placental metabo-
lism and function [100]. The placenta serves as the sole interface
between the mother and the fetus, making it a crucial organ for
the exchange of gases and nutrients between the two. Specific
changes occur in the structure of the placenta in pregnant women
who are obese and diabetic, including increased weight,
angiogenesis, and slower chorionic villus maturation. These
structural abnormalities lead to functional abnormalities, which
worsen metabolic abnormalities during pregnancy [101]. Abnor-
mal protein expression in the placenta can cause insulin
antagonism, resulting in abnormal insulin resistance and glucose
metabolism [102]. Five proteins, namely very low density
lipoprotein receptor, aquaporin-1, platelet factor 4, peptidyl prolyl
isomerase, and malonyl cofactor-acyl carrier protein transacylase,
have been associated with altered placental function, placental
vascular dysfunction, and placental inflammation and its compli-
cations in patients with GDM [103–105]. Reduced very low density
lipoprotein receptor levels may promote GDM by inhibiting the
placenta’s ability to remove cholesterol [103]. Maternal IR is a
pathophysiological condition that causes changes in the growth
and efficiency of the placenta in pregnant women, especially
those who are obese and diabetic [106]. IR may enhance chorionic
cell proliferation and increase placental size, but expansion of
immature chorionic villi may reduce the efficiency of placental
transport mechanisms, leading to placental insufficiency
[107, 108]. Furthermore, during pregnancy, the placenta secretes
pregnancy-specific hormones such as human chorionic gonado-
tropin, human placental lactogen, and human placental growth
hormone, as well as increased levels of prolactin, estradiol, and
cortisol into the maternal circulation. These hormones can affect
glucose metabolism and lead to the development of diabetes. It is

important to note that this is a complex process and further
research is needed to fully understand the mechanisms involved.
The rapid recovery of glucose homeostasis immediately after
placenta expulsion at delivery demonstrates the significant role of
the placenta in GDM with obese patients.
Recent data suggest that exosomes, which are membrane-

derived nanovesicles, may play a role throughout pregnancy. This
includes mediating placental responses to hyperglycemia and
insulin sensitivity. Patients with GDM have been found to have
higher levels of circulating exosomes, both overall and of
placental origin, during gestation compared to normal pregnan-
cies [109]. Additionally, hyperglycemia has been shown to
increase the release of exosomes from trophoblast cells in early
pregnancy [110], indicating a correlation between maternal
metabolic status during pregnancy and circulating levels of
placental exosomes.
It has also been suggested that hyperactivation of adipose

tissue plays an important role in the pathogenesis of GDM.
Lipocalin is a protein produced in large quantities by adipose
tissue. It enhances insulin sensitivity, exerts anti-inflammatory
effects, and reduces plasma glucose levels [111]. Lipocalin is
thought to play a pivotal role in the regulation of systemic glucose
homeostasis [112]. Lipocalins are expressed and synthesized
primarily in maternal adipose tissue, but not via the placenta,
and do not enter the fetal circulation [113]. Deletion of the
lipocalin gene leads to impaired insulin tolerance [114]. Previous
studies have shown that low levels of lipocalin in pregnant
women are associated with reduced maternal insulin sensitivity
during pregnancy [115]. These findings suggest that lipocalin may
play a role in insulin sensitivity during pregnancy. In studies
conducted in various populations, including South India [116] and
Iran [117] maternal serum lipocalin levels were significantly lower
in patients with GDM. The use of lipocalin as a prognostic
biomarker for GDM risk is currently a topic of debate due to
inconsistent results.

CONCLUSION
This review presents an overview of the gastrointestinal micro-
biota and its connection to obesity and diabetes (refer to Fig. 3),
with a causal relationship between these three metabolic

Fig. 3 Association of intestinal microbiota and obesity with GDM.
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conditions. Differences between countries, regions, and ethnicities
were analyzed. Currently, no specific combination of gastrointest-
inal microbiota has an absolute advantage to the host. However,
there is some predictive significance for the degree of obesity and
the severity of GDM based on the up- or down-regulation,
expression or non-expression, and changes in abundance and
diversity of different gastrointestinal microbiomes. The placenta
plays a pivotal role during this particular period of pregnancy.
Additionally, research on BA and intestinal flora mechanisms is a
current topic in the field of metabolic diseases. The detection of
gastrointestinal microbiome is becoming increasingly important. It
can be used as a clinical indicator to assist in the diagnosis of
obstetrics and gynecology, especially in patients with GDM.
However, this study also has some limitations: The investigation

did not cover whether the offspring of mothers with GDM have
abnormal intestinal microbiome; Additionally, this review did not
discuss the potential of probiotics to treat intestinal dysbiosis due
to length constraints; Furthermore, the limited number of current
literatures on the relationship between the three factors makes it
impossible to carry out a meta-analysis. Considering the afore-
mentioned limitations, it is expected that future studies will
concentrate on this aspect to provide advantages to patients with
GDM.
Throughout the extensive history of studying gastrointestinal

microbiome, it has been discovered that certain combinations or
individual microbes have significant effects on host metabolism.
This study analyzed high-quality and related literatures to identify
that an imbalance in the F/B ratio may be a characteristic feature
of intestinal microbiome dysbiosis, as outlined below: 1. An
imbalance of the F/B ratio may lead to metabolic disorders such as
obesity and diabetes; 2. The F/B ratio has been found to decrease
with age, which may result in decreased glucose tolerance; 3. It
can be concluded that the alteration of the Firmicutes is a
characteristic marker of both GDM and obesity. Additionally, a
characteristic biomarker of GDM, Ruminococcus gnavus, was
found. However, the up- or down-regulation of the Firmicutes did
not consistently affect the development of the disease. Studies
have shown conflicting results regarding the F/B ratio in obese
and GDM patients, with some suggesting a decrease and others
suggesting a trend towards an increase in overweight or obesity.
Despite some results from animal studies contradicting the
transplantation of microbiota in obese populations, further
research has shown promise. With the deepening and refinement
of animal studies, as well as large-scale population-based studies
(which are mainly retrospective at present), it is believed that
specific changes in human intestinal microbiome (especially in
pregnant populations) will be explored. This will be a milestone for
early identification of clinical diseases and effective monitoring of
health status.
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