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Abstract

Diabetes mellitus is a leading metabolic and non-communicable disease, affecting
nearly 537 million adults worldwide. Recent research highlights the gut mi-
crobiota as a crucial factor in the onset and progression of diabetes. Gut microbial
dysbiosis, an imbalance in microbial composition, has been increasingly recog-
nized as a contributor to diabetes pathogenesis during pregnancy. The gut mi-
crobiome is influenced by multiple internal and external factors, which can wor-
sen diabetes-related complications. A higher abundance of pathogenic microbes
may lead to the release of microbial metabolites or DNA into circulation, contri-
buting to metabolic disorders such as obesity, cardiovascular disease, and liver
dysfunction. Microbial nucleic acids have been identified in the bloodstream of
individuals with diabetes and in pregnant women, suggesting the existence of a
circulating or blood microbiome. Various physiological and pathological condi-
tions may permit gut microbes or their components to enter the bloodstream. This
review introduces the concept that the blood microbiome may play a critical role
during pregnancy, potentially increasing susceptibility to diabetes. It emphasizes
the mechanistic link between gut dysbiosis, microbial translocation, and preg-
nancy-associated metabolic disturbances. Exploring gut and blood microbiome
interactions in pregnancy could reveal early biomarkers and therapeutic targets
for gestational diabetes mellitus. Future studies should focus on longitudinal
microbiome analyses and interventions to restore microbial balance, offering new
preventive strategies against diabetes during pregnancy.
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Core Tip: Pregnancy represents a unique metabolic state, where immune tolerance and insulin sensitivity are tightly
regulated. Recent evidence suggests that gut microbiota dysbiosis may compromise the intestinal barrier, leading to the
release of microbial genetic traces into the bloodstream. These microbial signals can activate host immune pathways and
may aggravate systemic inflammation, thereby exacerbating gestational diabetes mellitus. This review highlights emerging
insights into the link between gut dysbiosis, microbial translocation into circulation, and the worsening of diabetic outcomes
in pregnancy. Understanding this gut-blood axis could open new opportunities for predictive biomarkers and targeted
interventions to improve maternal and foetal health.
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INTRODUCTION

Diabetes during pregnancy is a major global health concern, with gestational diabetes mellitus (GDM) affecting approx-
imately 7%-15% of pregnancies worldwide[1]. Pregnancy represents a unique immunometabolic state characterized by
extensive physiological adaptations that support foetal growth and maternal energy balance. These adaptations involve
tightly regulated changes in insulin sensitivity, immune tolerance, and hormonal modulation[2]. Although insulin
resistance is a physiological feature of late gestation, its exaggeration in genetically or metabolically predisposed women
contributes to GDM[3]. This condition not only increases the risk of obstetric complications but also confers long-term
cardiometabolic consequences for both mother and child, including type 2 diabetes mellitus (T2DM) and metabolic
syndrome[4]. Understanding the molecular and microbial mechanisms that exacerbate hyperglycaemia in this unique
physiological context is therefore an important research priority[5].

The human gastrointestinal tract harbours a dense and diverse microbial ecosystem collectively known as the gut
microbiota, which plays a crucial role in maintaining metabolic, immune, and endocrine homeostasis[6]. These microbial
communities influence nutrient metabolism, immune regulation, and gut barrier integrity, thereby contributing to
systemic metabolic balance[7]. Perturbation of this delicate equilibrium, termed dysbiosis, has been implicated in the
development of metabolic and inflammatory disorders, including T2DM, obesity, cardiovascular disease, and GDM]8,9].
Mechanistically, dysbiosis contributes to metabolic dysfunction through altered short-chain fatty acid (SCFA) production,
endotoxin release, impaired intestinal permeability, and low-grade systemic inflammation[10].

Beyond the gut, emerging evidence suggests that microbial components and genetic material, including cell-free
microbial DNA, RNA, lipopolysaccharides (LPS), and extracellular vesicles (EVs), can enter the bloodstream through a
process known as microbial translocation[11,12]. These microbial-derived molecules interact with host pattern re-
cognition receptors such as toll-like receptors (TLRs) and NOD-like receptors (NLRs), activating pro-inflammatory
pathways that exacerbate insulin resistance and glucose dysregulation[13,14]. Circulating microbial genetic material has
been detected in metabolic disorders such as obesity, T2DM, and non-alcoholic fatty liver disease[15,16]. In the context of
pregnancy, limited studies have identified microbial DNA signatures in maternal circulation and associated them with
GDM risk[17,18]. However, it remains unclear whether gut microbiota dysbiosis directly increases the abundance of
circulating microbial DNA during pregnancy and whether this contributes to gestational hyperglycaemia. Given the
unique immunometabolic state of pregnancy, this question represents a critical but understudied research gap.

This review synthesizes current knowledge on the interplay between gut microbiota dysbiosis, microbial genetic traces
in circulation, and diabetes during pregnancy. We first describe physiological and immunometabolic adaptations during
pregnancy and their dysregulation in GDM. We then summarize evidence on gut dysbiosis, intestinal barrier dys-
function, and microbial translocation, highlighting studies that have detected microbial DNA in maternal blood. Finally,
we discuss potential mechanistic pathways linking circulating microbial DNA to insulin resistance and identify key
knowledge gaps to guide future research. By addressing this emerging gut-blood-metabolism interface, this review aims
to provide a novel perspective that may inform biomarker discovery and microbiota-targeted strategies for improving
maternal and offspring metabolic health.

GUT MICROBIOTA DYSBIOSIS IN PREGNANCY

Pregnancy is a period of extensive physiological remodeling encompassing metabolic, endocrine, and immune systems,
accompanied by notable alterations in the gut microbiota. While some of these microbial changes facilitate maternal
adaptation and foetal growth, excessive perturbations, termed gut microbiota dysbiosis, have been associated with
adverse metabolic outcomes, including GDM. Understanding these interactions requires an integrative view of microbial
composition, intestinal barrier function, and systemic immune-metabolic signaling (Figure 1).

gﬁ;@ https://dx.doi.org/10.4239/wjd.v17.i2.114124 2 February 15,2026 | Volumel17 | Issue2 |


https://www.wjgnet.com/1948-9358/full/v17/i2/114124.htm
https://dx.doi.org/10.4239/wjd.v17.i2.114124

Vasudevan D. Circulating microbiome in pregnancy

Gut microbiome in gestational diabetes mellitus (GDM)

I trimester before pregnancy  III trimester during pregnancy

Lactobacillus 1 Proteobacteria
Bifidobacterium 1 Firmicutes
Firmicutes

Figure 1 Microbiome changes during pregnancy. Typical changes in gut microbiota composition before and during pregnancy. It shows a normal, healthy
microbiome with a balance of beneficial bacteria (e.g., Lactobacillus, Bifidobacterium) and a more diverse microbial community, contrasted with a dysbiotic
microbiome in pregnant women with gestational diabetes. GDM: Gestational diabetes mellitus.

Microbiota remodeling during normal pregnancy

During early gestation, gut microbial diversity remains relatively stable, whereas late pregnancy is characterized by
reduced alpha diversity, expansion of Proteobacteria and Actinobacteria, and enrichment of taxa such as Enterobacteriaceae
and Streptococcus[8]. These patterns resemble those observed in obesity and low-grade inflammation, indicating that
pregnancy itself induces a physiological, “controlled dysbiosis”. Experimental evidence supports this notion that faecal
microbiota transplantation (FMT) from third-trimester women to germ-free mice induces insulin resistance, adiposity,
and mild inflammation, underscoring the functional relevance of microbial remodeling during gestation[8].

Dysbiosis associated with GDM

In women with GDM, microbial changes extend beyond physiological adaptation. Several studies report a reduction in
butyrate-producing bacteria, including Faecalibacterium prausnitzii and Roseburia spp., which are essential for maintaining
epithelial integrity and insulin sensitivity[19]. Concurrently, there is an enrichment of pro-inflammatory taxa such as
Collinsella, Ruminococcus, and Desulfovibrio, linked to enhanced endotoxin production and metabolic inflammation[4].
Reduced microbial diversity and community instability further suggest a loss of ecological resilience to dietary or
environmental challenges[20]. Collectively, these observations indicate that dysbiosis in GDM represents a maladaptive
state with functional consequences for maternal glucose metabolism.

Gut barrier dysfunction and systemic microbial signaling

Dysbiosis contributes to intestinal barrier dysfunction by decreasing SCFA production, particularly butyrate, a primary
energy source for colonocytes and regulator of tight junction proteins, and by enriching mucin-degrading and LPS-
producing bacteria. This compromise in barrier integrity permits the translocation of microbial components such as LPS,
peptidoglycans, and microbial nucleic acids into maternal circulation[15,16]. This process, termed microbial translocation,

provides a mechanistic explanation for the detection of microbial genetic material in the plasma of pregnant women|[11,
21].

Immune, placental, and metabolic consequences

Once in circulation, microbial molecules engage host pattern-recognition receptors such as TLRs and NLRs, activating
nuclear factor kappa-B (NF-kB) signaling and pro-inflammatory cytokine release[22]. In pregnancy, where insulin
resistance is physiologically heightened, this low-grade inflammation can exacerbate glucose intolerance and p-cell stress.
Preliminary studies further suggest that microbial components in maternal blood may reach the placenta, influencing
trophoblast signaling, inflammatory tone, and nutrient transport. However, current evidence remains limited and largely
correlative. Further mechanistic and clinical investigations are needed to substantiate causal relationships between
maternal microbial translocation and placental dysfunction.
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Integrated conceptual framework

The interplay between gut microbiota, barrier integrity, and systemic immune-metabolic signaling can be summarized
across multiple levels. Microbial level: Loss of beneficial butyrate producers and enrichment of inflammatory taxa. Barrier
level: Reduced epithelial integrity and SCFA depletion. Systemic level: Circulating microbial components activate innate
immune receptors. Metabolic level: Inflammatory signaling exacerbates insulin resistance, promoting GDM progression.
Overall, gut microbiota dysbiosis represents a systemic perturbation rather than a mere compositional shift within the
intestine. Circulating microbial signatures could therefore serve as potential biomarkers of gut health and GDM risk
during pregnancy.

MICROBIAL TRANSLOCATION AND THE CIRCULATION OF MICROBIAL GENETIC MATERIAL

The concept of microbial translocation has transformed understanding of the gut as a dynamic regulator of systemic
physiology. Traditionally considered a contained microbial niche, the intestinal lumen is now recognized as a potential
source of circulating microbial molecules under conditions of dysbiosis and impaired barrier integrity. In pregnancy,
physiological changes in metabolism, immunity, and gut permeability may render this process particularly relevant,
linking maternal gut disturbances to systemic and placental effects (Figure 2).

Mechanisms of microbial translocation

The intestinal barrier comprising epithelial tight junctions, mucus layers, secretory immunoglobulin A (IgA), and resident
immune cells maintains controlled separation between gut microbes and host tissues. Dysbiosis can disrupt this defence
through multiple pathways: Tight junction disruption: A decline in butyrate-producing bacteria such as Faecalibacterium
prausnitzii reduces epithelial energy supply and tight junction protein expression (occludin, claudin)[23]. Mucus
degradation: Overgrowth of mucin-degrading taxa (Akkermansia muciniphila, Bacteroides fragilis) thins the protective
mucosal layer[24]. Endotoxin accumulation: Enrichment of gram-negative pathobionts elevates luminal LPS levels,
predisposing to systemic endotoxemia[16]. Local immune alteration: Dysbiosis impairs IgA coating and mucosal immune
regulation[25]. Through these mechanisms, intact microbes rarely translocate; instead, microbial components such as cell
wall fragments, metabolites, EVs, and particularly microbial nucleic acids can cross into maternal circulation.

Circulating microbial genetic material

The detection of microbial DNA and RNA in human plasma challenges the traditional notion of blood sterility. Using
next-generation sequencing and quantitative polymerase chain reaction (PCR), several studies have identified cell-free
microbial DNA in the circulation of healthy and pregnant individuals[10,11]. This material likely originates from the gut,
though contributions from oral and skin microbiota cannot be excluded. Microbial genetic material circulates in distinct
forms: (1) Cell-free microbial DNA, often fragmented and occasionally bound to host nucleoproteins; (2) RNA fragments,
which may reflect active microbial metabolism or vesicle-mediated release; and (3) EVs, nanosized structures carrying
DNA, RNA, and proteins that facilitate stable systemic transport[26]. Once in the bloodstream, these microbial signals
engage pattern recognition receptors such as TLR9 and TLR7/8, promoting innate immune activation and low-grade
inflammation[17].

Microbial translocation in metabolic disease and pregnancy

In non-pregnant populations, microbial translocation has been linked to obesity, T2DM and non-alcoholic fatty liver
disease. Elevated circulating LPS and microbial DNA levels predict incident diabetes and metabolic inflammation[12,13].
During pregnancy, physiological insulin resistance and immune modulation heighten vulnerability to these microbial
signals. Women with GDM exhibit distinct circulating microbial DNA profiles compared with normoglycemic controls
[14], and taxa enriched during pregnancy, such as Enterobacteriaceae, are potent endotoxin producers[4]. Together, these
findings suggest that microbial translocation in pregnancy may exacerbate inflammation, impair insulin signaling, and
contribute to glucose intolerance. Preliminary studies also indicate that microbial DNA fragments can cross the maternal-
foetal interface, potentially influencing placental immune signaling and nutrient transport[27]. While this raises in-
triguing possibilities for foetal metabolic programming, current evidence remains limited and primarily associative.
Mechanistic and longitudinal studies are needed to clarify causal pathways.

Detection and clinical implications

Recent advances in 165 rRNA gene sequencing, shotgun metagenomics, and quantitative PCR have enabled increasingly
sensitive detection of microbial DNA in plasma[18]. Complementary approaches such as cell-free DNA fragmentomics
and EV profiling now allow deeper characterization of circulating microbial signatures. Despite challenges related to low
biomass and potential contamination, refined analytical protocols are improving reliability. Clinically, early detection of
elevated microbial DNA in maternal plasma could offer a non-invasive biomarker for GDM risk prediction and mo-
nitoring of responses to dietary or probiotic interventions during pregnancy.

Conceptual integration

Collectively, current evidence supports a framework in which gut dysbiosis weakens intestinal barrier function,
permitting translocation of microbial genetic material into maternal blood. These circulating microbial signals activate
innate immune pathways, drive systemic inflammation, and contribute to gestational insulin resistance. Microbial
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Microbial translocation and the circulation of microbial genetic material
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Figure 2 Microbial translocation and gestational diabetes mellitus. Gut microbiota dysbiosis leads to intestinal barrier dysfunction, allowing microbial
components and genetic material to translocate into the circulation. The presence of circulating microbial genetic material can trigger immune activation and
metabolic disturbances, thereby contributing to the pathogenesis of gestational diabetes mellitus. GDM: Gestational diabetes mellitus.

translocation thus represents a mechanistic bridge between maternal gut dysbiosis, placental signaling, and diabetes risk
in pregnancy.

GUT MICROBIOTA DYSBIOSIS, MICROBIAL DNA, AND DIABETES DURING PREGNANCY

Pregnancy represents a unique metabolic and immunological state in which the maternal body must balance competing
demands of foetal nutrient supply and maternal health. Insulin resistance naturally increases in the second and third
trimesters to ensure adequate glucose transport to the foetus, but when compensatory insulin secretion is insufficient,
GDM develops. GDM not only affects short-term pregnancy outcomes but also predisposes mothers to T2DM and
children to long-term metabolic disorders[6,7]. While genetic predisposition and environmental factors such as diet are
well-established contributors, recent advances suggest that gut microbiota dysbiosis and the consequent presence of
microbial DNA in the circulation may play a central role in exacerbating insulin resistance during pregnancy (Figure 3).

Gut dysbiosis and metabolic reprogramming in pregnancy

Longitudinal studies show that gut microbial diversity decreases progressively during late gestation, with enrichment of
Proteobacteria and Actinobacteria taxa associated with pro-inflammatory responses[8]. These changes mirror alterations
observed in metabolic syndrome, suggesting that maternal microbiota remodeling may mimic a diabetogenic profile.
While some shifts are adaptive, excessive dysbiosis is increasingly linked to impaired glucose tolerance. Women with
GDM consistently display enrichment of Collinsella, Ruminococcus, and Desulfovibrio, alongside depletion of butyrate-
producing taxa such as Roseburia and Faecalibacterium prausnitzii[4,28]. This compositional imbalance weakens intestinal
epithelial function and promotes systemic inflammation, two critical risk factors for insulin resistance.

Microbial DNA in the circulation: A novel diabetogenic mediator

The breakdown of epithelial barrier integrity during dysbiosis facilitates microbial translocation, allowing microbial
components including LPS, EVs, and microbial DNA fragments to enter maternal circulation[16,29]. These microbial
DNA fragments, detectable even in healthy individuals, increase significantly in metabolic disorders and during preg-
nancy complications[20,30].

It is important to note, however, that the detection of microbial DNA in circulation remains a technically challenging
and evolving area. Because blood is a low-biomass environment, there is an inherent risk of sequencing contamination
and background noise. While multiple studies have provided supportive evidence, current methodologies such as
metagenomic sequencing and quantitative PCR are still being refined and validated for reliable detection of circulating
microbial DNA in pregnancy-related contexts. Once in circulation, microbial DNA interacts with host immune sensors
such as TLR9 and cytosolic DNA sensors like cyclic guanosine monophosphate-adenosine monophosphate synthase-
stimulator of interferon genes. Activation of these pathways leads to the induction of type I interferons, NF-xB signaling,
and downstream pro-inflammatory cytokines including interleukin (IL)-6 and tumor necrosis factor (TNF)-a[22,31]. These
cytokines interfere with insulin signaling by promoting serine phosphorylation of insulin receptor substrates and
impairing glucose uptake in maternal tissues. Thus, while mechanistic links are biologically plausible, further validation
of microbial DNA detection and functional relevance is needed to establish its role as an active mediator of insulin
resistance during pregnancy.

Evidence linking microbial DNA to GDM

Emerging studies support a potential association between circulating microbial DNA and gestational diabetes. Neri et al
[20] demonstrated that distinct bacterial DNA signatures could be detected in plasma samples from women with GDM,
with enrichment of pro-inflammatory taxa correlating with higher glucose levels. Similarly, increases in circulating
microbial DNA load have been reported in women with obesity, a major risk factor for GDM, linking gut permeability
and microbial translocation with metabolic dysfunction[13]. Nevertheless, these findings should be interpreted cautiously
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Figure 3 Gut microbiota dysbiosis, microbial DNA, and gestational diabetes mellitus. Gut microbiota dysbiosis during pregnancy reduces microbial
diversity, weakens intestinal barrier integrity, and facilitates microbial DNA translocation into circulation. Circulating microbial DNA activates immune pathways such
as toll-like receptor 9 and cyclic guanosine monophosphate-adenosine monophosphate synthase-stimulator of interferon genes, inducing pro-inflammatory cytokines
(interleukin-6 and tumor necrosis factor-a) that impair insulin signaling. This immune-metabolic disruption promotes insulin resistance, contributing to the
pathogenesis of gestational diabetes mellitus and adverse maternal-foetal outcomes. TNF: Tumor necrosis factor; IL: Interleukin; LPS: Lipopolysaccharides; GDM:
Gestational diabetes mellitus.

given ongoing methodological debates. Low-biomass conditions, differences in sample processing, and contamination
control remain major challenges, underscoring the need for standardized protocols and independent replication to
confirm these associations.

Translational potential and future directions

The detection of microbial DNA in maternal plasma offers an innovative biomarker for predicting GDM risk. Compared
to traditional risk factors such as body mass index and family history, microbial DNA profiles may provide earlier, non-
invasive insights into maternal metabolic health. At the same time, it is crucial to acknowledge that circulating microbial
DNA remains an emerging biomarker, and detection methods are still undergoing validation for clinical use. Rigorous
quality control, contamination-aware sequencing pipelines, and quantitative standardization are essential before
translation into diagnostics. Additionally, interventions aimed at restoring gut microbial balance through diet, probiotics,
prebiotics, or synbiotics could reduce microbial DNA translocation and mitigate systemic inflammation. Future studies
should employ longitudinal sampling, integrating microbiome, metagenomic, and immunological analyses to establish
causal pathways and clarify whether reducing circulating microbial DNA improves glucose tolerance in pregnancy.

IMPLICATIONS FOR MATERNAL AND FOETAL HEALTH

GDM is not only a transient metabolic complication of pregnancy but also a condition with far-reaching implications for
both maternal and foetal health. The emerging recognition that gut microbiota dysbiosis and microbial DNA translo-
cation into maternal circulation contribute to the pathophysiology of GDM underscores the need to examine their short-
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and long-term consequences. These effects extend beyond hyperglycaemia, influencing maternal systemic inflammation,
placental function, and foetal metabolic programming. It is important to note, however, that evidence for microbial DNA-
mediated effects remain evolving, and while several studies suggest plausible mechanisms, methodological and
interpretive challenges persist. Nonetheless, current data provide a strong conceptual framework linking microbial
signals with pregnancy outcomes.

Maternal health implications

Exacerbation of insulin resistance and inflammation: Pregnancy is characterized by a physiologic increase in insulin
resistance, but dysbiosis-driven inflammation can magnify this effect. Circulating microbial DNA and bacterial products
engage innate immune receptors such as TLRs, leading to overproduction of pro-inflammatory cytokines (IL-6, TNF-a)
that interfere with insulin signaling[22,31]. This creates a self-reinforcing cycle of worsening glucose intolerance and
chronic low-grade inflammation, heightening the risk of GDM and related complications such as preeclampsia[32,33].

Increased obstetric complications: Women with GDM face elevated risks of preeclampsia, preterm birth, and caesarean
delivery[6,7]. Gut dysbiosis and circulating microbial DNA may exacerbate endothelial dysfunction and systemic inflam-
mation which are both key drivers of preeclampsia[34]. Moreover, microbial DNA-induced immune activation could
impair uterine vascular function, potentially contributing to abnormal placental perfusion and growth restriction in some
pregnancies.

Long-term metabolic risk for mothers: Up to 50% of women with GDM develop type 2 diabetes within 10 years[35].
Persistent gut dysbiosis, coupled with continued microbial DNA translocation, may sustain systemic inflammation and
metabolic dysregulation beyond pregnancy. This chronic inflammatory milieu may also contribute to elevated cardio-
vascular and metabolic syndrome risk later in life[36]. Thus, exposure to dysbiosis and microbial genetic traces during
pregnancy may have enduring metabolic repercussions for the mother.

Foetal health implications

Altered intrauterine environment: Microbial DNA and associated inflammatory mediators in maternal blood may cross
the placenta and influence foetal development. Increasing evidence indicates that the placenta, though low in microbial
biomass, is exposed to microbial signals during gestation[27]. Excessive exposure to microbial DNA or inflammatory
cytokines could alter placental immune regulation, nutrient transport, and hormone signaling. These perturbations may
contribute to foetal overgrowth (macrosomia), a hallmark complication of GDM, which increases risks of birth trauma
and neonatal hypoglycaemia[37].

Foetal immune system programming: In utero exposure to microbial DNA fragments and metabolites may shape the
developing immune system. While limited microbial signaling is likely beneficial for immune tolerance, dysregulated
exposure may predispose to immune imbalance. Infants born to mothers with GDM exhibit altered gut colonization, with
reductions in beneficial taxa such as Bifidobacterium and enrichment of pro-inflammatory species[38]. This dysbiotic start
may increase susceptibility to obesity, asthma, and allergic diseases later in life.

Increased risk of childhood and lifelong metabolic disease: The “developmental origins of health and disease”
hypothesis posits that adverse intrauterine environments program long-term metabolic outcomes. Infants of mothers
with GDM have a higher lifetime risk of obesity, impaired glucose tolerance, and type 2 diabetes[39]. These effects may
arise not only from intrauterine hyperglycaemia but also from microbial DNA-driven placental inflammation and
epigenetic reprogramming in foetal tissues. For instance, exposure to pro-inflammatory cytokines in utero may alter
insulin signaling pathways, predisposing children to insulin resistance in adolescence and adulthood.

Intergenerational consequences

The maternal gut microbiota, microbial DNA, and GDM form an interconnected triad that may perpetuate metabolic
dysfunction across generations. Mothers affected by GDM are more likely to experience persistent dysbiosis and transmit
altered microbial communities to their infants during delivery and breastfeeding[8,38]. Combined with foetal exposure to
microbial DNA and maternal hyperglycaemia, this may establish a developmental trajectory favoring obesity and
diabetes in offspring. Thus, improving maternal gut health and minimizing microbial DNA translocation during
pregnancy may offer a preventive strategy not only for maternal outcomes but also for reducing intergenerational
transmission of metabolic risk (Figure 4).

CLINICAL EVIDENCE AND RESEARCH GAPS

The interplay between gut microbiota dysbiosis, microbial translocation, and the presence of microbial genetic material in
circulation is increasingly recognized in pregnancy-associated metabolic disorders such as GDM. Although emerging
data support these links, the clinical evidence remains preliminary, largely derived from small or pilot-scale studies, and
requires replication in larger, well-characterized pregnancy cohorts (Figure 5 and Table 1).

Existing clinical evidence
Several studies report altered gut microbial diversity and composition in women with GDM compared with healthy
pregnancies. Notably, reductions in butyrate-producing taxa such as Faecalibacterium prausnitzii and enrichment of pro-
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Table 1 Summary of key human studies investigating gut microbiota dysbiosis and circulating microbial DNA in relation to gestational diabetes mellitus[4,55-66]

Gut Circulating Sequencin Contamination Antibiotics
No. Citation Year Country Design microbiota cfDNA q g Longitudinal Key findings Limitations
Methodology  controls reported/controlled
assessed assessed
1 Gomez- 2016 Australia Cross-sectional; Yes (fecal 16S)  No 16S rRNA Not reported Not reported No Collinsella associated ~ Small sample,
Arango et overweight/obese (lumina) with insulin; gut taxa overweight/obese
al[55] pregnant women; 1 = 70 correlate with cohort, no cfDNA
metabolic hormones  data
2 Crusellet 2018 Denmark Case-control and longit-  Yes (fecal 165+ No 16S Not clearly Not reported Yes GDM associated with Heterogeneous
al[4] udinal postpartum; metagenomics) rRNA/shotgun  stated (postpartum)  altered fecal methods, observa-
GDM n = 50, controls n (variable) microbiota tional
=157 (Collinsella, Rothia,
Desulfovibrio)
B Ferrocino 2018 Italy Prospective observa- Yes (fecal 16S)  No 16S rRNA Not reported Not reported Yes Microbiota changes ~ Small sample,
et al[56] tional; GDM n =41, (pregnancy) during pregnancy in  observational
controls GDM,; links to diet
and metabolic
markers
4 Pinto etal 2023 United Prospective cohort; early Yes (multi- No 16S/shotgun Reported Partially reported Yes (samples Microbiota-induced ~ Requires
[57] Kingdom/Israel sampling before GDM  omics fecal) metagenomics,  (standard months before  inflammation mechanistic
(multi-centre) diagnosis; sizeable metabolomics pipelines) diagnosis) precedes GDM; validation
cohort (development decreased fecal
and validation) SCFAs in those who
developed GDM
5 Hu et al 2021 China Prospective cohort; early Yes No 16S rRNA Not reported Not reported Yes Early pregnancy gut  Needs replication in
[58] pregnancy sampling; microbiota associated other populations
moderate N with later GDM risk
6 Wittetal 2020 United States Case-control; chorioam- No Yes (mcfDNA  Shotgun cfDNA  Described Not central to study No mcfDNA detected in  Not GDM-focused;
[59] nionitis cases vs sequencing in sequencing (negative maternal and cord small sample
controls; small N maternal (NGS) controls) plasma in chorioam-
plasma) nionitis; higher levels
vs controls
7 Tangetal 2024 China/International Longitudinal cfDNA Partially Yes (deep High-depth Reported Not fully reported Yes cfDNA fragment Needs external
[60] study; GDM n = 299, (integrative cfDNA cfDNA (bioinformatic features associated replication; novel
controls 1 =299 analyses) sequencing)  sequencing filters) with GDM across methods
(Ilumina) pregnancy; potential
predictive signals
8 Wanget 2023 China Large cohort (n > 5000), No Yes (cfDNA  NIPT-style Not fully Not reported No (screening ~ Machine learning on  Early; requires
al[61] cfDNA sequencing data features) cfDNA described in dataset) cfDNA can independent
for GDM prediction sequencing abstract screen/predict GDM  validation and
contamination-
aware analysis
9 Su et al 2021 China Case-control; GDM vs Yes (fecal 16S)  No 16S rRNA Not reported Not reported No Distinct gut Cross-sectional;
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10

11

12

13

[62]

Liu et al
[63]

Zheng et
al[64]

Ma et al
[65]

Ponzo et
al[66]

2019

2020

2020

2019

China

China

China

Italy

controls; small N
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microbiota signatures
in GDM

Case- Yes (fecal No Shotgun Not reported Not reported Some follow-  Fecal microbiota

control/ prospective; metagenomics) metagenomics up linked to plasma

moderate N lipidome and GDM
risk

Prospective; first half of ~ Yes (16S) No 16S rRNA Not reported Not reported Yes Reduced dynamics of

pregnancy; sample size gut microbiota

moderate during early
pregnancy associated
with GDM

Cross-sectional; first Yes No 16S rRNA Not reported Not reported No Altered early

trimester pregnancy
microbiota in GDM
patients

Associated with Yes No 16S rRNA Not reported Not reported Yes (infant Offspring microbiota

Ferrocino dataset;

follow-up)

influenced by
maternal GDM

maternal and offspring
microbiome studies

small sample

Causality not
established

Population-specific;
replication needed

Small; cross-
sectional

Cohort-specific

The table includes study characteristics, methodologies, and major findings. cfDNA: Circulating free DNA; GDM: Gestational diabetes mellitus; mcfDNA: Microbial cell-free DNA; NGS: Next-generation sequencing; NIPT: Non-invasive

prenatal testing; SCFA: Short-chain fatty acid.
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inflammatory genera such as Collinsella and Prevotella have been observed[4,28]. These microbial shifts reflect a pro-
inflammatory intestinal environment that may compromise epithelial integrity and facilitate microbial translocation.
Emerging studies have detected microbial circulating free DNA (cfDNA) in maternal blood, with higher concentrations
noted in individuals with metabolic dysfunction[30]. In GDM, small exploratory studies suggest that circulating bacterial
DNA fragments are elevated and correlate with inflammatory markers such as C-reactive protein and IL-6[40]. These
findings raise the possibility that microbial cfDNA contributes to systemic inflammation and metabolic dysregulation
during pregnancy. Metagenomic analyses further indicate that the microbial signatures in blood often resemble gut-
associated taxa such as Bacteroides, Escherichia, and Clostridium[41], supporting a gut origin of these circulating fragments.
Despite these intriguing associations, most studies are cross-sectional and underpowered, precluding causal inference.
Furthermore, maternal factors such as genetic polymorphisms in innate immune or barrier-regulatory genes (e.g., TLR
variants) may modify susceptibility to microbial translocation, yet these influences remain largely unexplored. Maternal
antibiotic exposure, which profoundly alters microbial communities and immune tone, also represents a potential
confounder that warrants greater consideration in study design and analysis.

Limitations of current evidence

Current research is constrained by methodological and conceptual limitations: (1) Heterogeneity in study design:
Differences in sequencing platforms, diagnostic definitions of GDM, and gestational timing of sampling complicate data
integration; (2) Small cohort sizes: Most studies include fewer than 100 participants, limiting statistical power and
adjustment for confounders such as diet, body mass index, ethnicity, and antibiotic use; (3) Lack of longitudinal follow-
up: Few studies track microbiome or ¢fDNA dynamics across gestation, leaving unclear whether these alterations precede
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Figure 4 Intergenerational diabetes risk mediated by maternal dysbiosis and microbial DNA. Gut microbiota dysbiosis and microbial DNA in
maternal circulation trigger inflammation, leading to placental alterations and impaired nutrient transfer. These processes contribute to foetal programming, thereby
increasing susceptibility to obesity and diabetes in the offspring.

Research gaps

What we know What we don't know
Gut microbiota dysbiosis Microbial DNA in circulation
Diabetes during pregnancy GDM

Figure 5 Research gaps in the gut microbiota-gestational diabetes mellitus axis. Current evidence links gut microbiota dysbiosis with diabetes during
pregnancy. However, the role of circulating microbial DNA as a mechanistic driver of gestational diabetes mellitus remains poorly understood, highlighting a key area
for future investigation. GDM: Gestational diabetes mellitus.

or follow GDM onset; (4) Nascent biomarker validation: While circulating microbial DNA is a promising candidate
biomarker, its diagnostic and prognostic utility in GDM remains untested, and detection methods continue to face
challenges related to contamination and low biomass; and (5) Mechanistic uncertainty: The causal pathways linking
microbial cfDNA and metabolic dysfunction in pregnancy remain speculative. Whether cfDNA acts as an immunos-
timulant, interacts with other microbial components such as LPS, or merely reflects compromised gut barrier function is
yet to be determined.

THERAPEUTIC IMPLICATIONS

Understanding the interplay between gut microbiota dysbiosis, microbial translocation, and the circulation of microbial
genetic material during pregnancy carries important therapeutic relevance. If dysbiosis-induced microbial DNA
contributes to the onset or progression of GDM, interventions aimed at modulating the gut microbiome and fortifying
barrier function may represent novel preventive and therapeutic strategies. However, it is crucial to acknowledge that
current clinical evidence remains preliminary, often derived from small, cross-sectional cohorts and must be replicated in
larger, longitudinal pregnancy studies before translation to clinical practice (Figure 6).

Probiotics and prebiotics

Probiotics, which are live microorganisms that confer health benefits, have been investigated for their ability to modulate
the maternal gut microbiome. Randomized controlled trials suggest that supplementation with specific strains such as
Lactobacillus rhamnosus and Bifidobacterium lactis may improve glucose metabolism and reduce GDM risk in selected

gﬁ;@ https://dx.doi.org/10.4239/wjd.v17.i2.114124 10 February 15,2026 | Volume17 | Issue2 |



Vasudevan D. Circulating microbiome in pregnancy

Therapeutic implications

F-0-@

Gut Barrier Microbial
dysbiosis function DNA

i

5 & ¢

Probiotics Dietary Other
and prebiotics modulation
GDM

Figure 6 Therapeutic implications of the gut microbiota-microbial DNA axis in gestational diabetes mellitus. Gut dysbiosis contributes to
impaired barrier function and increased microbial DNA translocation, which may exacerbate gestational diabetes mellitus. Potential therapeutic strategies include
probiotics, prebiotics, dietary modulation, and other interventions aimed at restoring microbiota balance, strengthening barrier integrity, and reducing microbial DNA-
mediated inflammation. GDM: Gestational diabetes mellitus.

populations[42,43]. Prebiotics, non-digestible fibres that selectively stimulate beneficial microbes, may complement these
effects by enhancing microbial diversity and SCFA production, which promotes anti-inflammatory and insulin-
sensitizing effects[44]. Synbiotic interventions combining both have shown promise, although results remain inconsistent.
Heterogeneity in probiotic strains, dosage, timing, and study design complicates interpretation and limits the formulation
of standardized recommendations. Moreover, maternal-foetal safety data are still limited, necessitating careful evaluation
in future trials.

Dietary modulation

Diet remains the most practical and safe strategy to shape the gut microbiota during pregnancy. Fibre-rich, plant-based,
and Mediterranean-style diets enhance microbial diversity, reinforce barrier integrity, and improve metabolic and inflam-
matory profiles[8,45]. Conversely, high-fat, high-sugar diets foster dysbiosis and gut permeability. Since maternal diet
influences both microbiota composition and the amount of microbial DNA that may enter circulation, targeted nutritional
interventions could help prevent or attenuate GDM. Culturally sensitive, individualized dietary plans integrating mi-
crobiome data may therefore represent a low-risk, high-impact approach.

Targeting intestinal barrier integrity

Because microbial DNA and other microbial products enter circulation primarily through compromised epithelial and
placental barriers, therapies that strengthen these interfaces are of particular interest. Nutrients such as glutamine, zinc,
and vitamin D contribute to maintaining tight junction integrity[46]. SCFAs and other probiotic-derived metabolites can
further enhance mucosal defense and modulate inflammatory signaling. Early-stage studies suggest that selective
inhibition of TLR pathways may dampen the inflammatory response triggered by circulating microbial DNA[47].
However, these strategies remain experimental, and robust safety evaluations in pregnancy are needed before clinical
application.

Pharmacological approaches

Standard pharmacologic management of GDM includes insulin and, in some cases, metformin. Interestingly, metformin
has been shown to beneficially alter gut microbiota composition, enriching Akkermansia muciniphila and SCFA-producing
species[48]. These effects may partly mediate its metabolic benefits by improving barrier integrity and reducing microbial
DNA translocation. Beyond metformin, targeted small-molecule inhibitors of microbial metabolic pathways, such as
trimethylamine N-oxide synthesis inhibitors, are being investigated for cardiometabolic disease modulation[49]. Alth-
ough not yet tested in pregnancy, these approaches open new avenues for microbiome-informed pharmacotherapy once
safety and efficacy are established in reproductive contexts.

FMT

FMT has emerged as a highly effective therapy for restoring microbial diversity in non-pregnant populations, particularly
in recurrent Clostridioides difficile infection. Experimental evidence suggests that FMT can reduce gut permeability and
systemic inflammation, improving metabolic outcomes[50]. However, FMT remains unsuitable during pregnancy due to
ethical and safety concerns. Postpartum application in women with prior GDM, however, may hold promise for mitiga-
ting long-term metabolic risks and reducing recurrence in subsequent pregnancies.
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Controversies and current limitations

Despite growing enthusiasm, therapeutic strategies targeting the microbiome face several challenges. Many studies rely
on small, cross-sectional cohorts, limiting generalizability[51-55]. Methodological variability, including inconsistent
microbial DNA sequencing protocols, further complicates comparisons. The ongoing “sterile womb” debate and the risk
of contamination in low-biomass microbial DNA studies highlight the need for rigorous validation and contamination
controls before microbial DNA can be established as a reliable biomarker or therapeutic target in pregnancy.

CONCLUSION

Emerging evidence suggests that gut microbiota dysbiosis and the presence of microbial genetic material in circulation
may contribute to the pathophysiology of diabetes during pregnancy by promoting inflammation and insulin resistance.
However, most findings are preliminary, based on small cohorts, and require replication through longitudinal and
mechanistic studies. Future research should focus on establishing causal links between dysbiosis, microbial DNA translo-
cation, and metabolic dysfunction by integrating multi-omics analyses across maternal gut, plasma, and placental
compartments. Particular attention should be given to host genetic factors (e.g., TLR and barrier-related gene variants)
and maternal exposures such as antibiotics, which may modify microbiome-host interactions. Standardization of
microbial cfDNA detection methods and the development of validated biomarkers will be essential for clinical
translation. Furthermore, rigorously designed trials testing microbiota-targeted interventions including dietary mo-
dulation and next-generation probiotics could clarify whether restoring microbial balance can mitigate gestational
diabetes risk and its long-term metabolic sequelae.
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