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ABSTRACT 

Gestational diabetes mellitus was a major pregnancy complication driven largely by insulin resistance, and its 
prevalence remained substantial worldwide, affecting about 4 to 16.5% of pregnancies, with a pooled global 
standardized prevalence of 14.0% in one meta-analytic estimate. This narrative review examined how gut 
microbiome-derived metabolites, especially short chain fatty acids, bile acids, and trimethylamine N oxide related 
compounds, may serve as biomarkers for insulin resistance in gestational diabetes, with emphasis on their 
biological plausibility and clinical utility. The article was written by synthesizing recent peer reviewed literature 
on gut microbiota, metabolic profiling, and gestational diabetes to identify recurring mechanistic and diagnostic 
themes. The reviewed evidence suggested that altered metabolite patterns in gestational diabetes correlated with 
glucose and lipid disturbances and may support early detection, risk stratification, and future therapeutic 
targeting. Serum and fecal metabolomic signatures have identified discriminatory metabolites with reasonable 
diagnostic performance, although validation in larger and ethnically diverse cohorts remains necessary. Overall, 
microbiome-derived metabolites are promising biomarker candidates, but standardization, longitudinal sampling, 
and integration with clinical data are required before routine use.  
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INTRODUCTION 

Gestational diabetes mellitus is defined by glucose intolerance first recognized during pregnancy and is tightly 
linked to progressive insulin resistance, pancreatic beta cell stress, and adverse maternal fetal outcomes [1–3]. 
Because pregnancy is already a metabolically dynamic state, the emergence of insulin resistance in gestation can 
expose a vulnerable metabolic phenotype that influences both short term and long-term health in mother and 
child. The clinical burden is considerable: recent estimates suggest that gestational diabetes affects roughly 4 to 
16.5% of pregnant women worldwide, while standardized global prevalence has been estimated at 14.0%, with 
marked regional variation. Such figures underscore a persistent public health problem, especially in Africa, South 
East Asia, and the Middle East and North Africa, where prevalence may be particularly high [4].  
The pathobiology of gestational diabetes is not limited to maternal adiposity or beta cell dysfunction. Growing 
evidence indicates that the gut microbiome participates in host energy balance, inflammatory tone, bile acid 
signaling, and glucose homeostasis, all of which may influence insulin sensitivity during pregnancy. In this 
context, microbiome-derived metabolites have become attractive biomarker candidates because they offer a 
functional readout of host microbe interaction rather than a static taxonomic profile alone [5]. This perspective is 
especially important for clinicians and researchers who require markers that reflect disease activity, not merely 
association [6].  This review therefore addresses five interrelated areas. First, it outlines the mechanistic basis for 
gut microbiome metabolite production in gestational diabetes. Second, it examines major metabolite classes linked 
to insulin resistance, including short chain fatty acids, bile acids, and trimethylamine N oxide related pathways. 
Third, it evaluates how these metabolites may improve biomarker discovery and diagnostic discrimination in 
gestational diabetes. Fourth, it considers methodological and translational limitations that currently restrict 
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clinical application. Fifth, it offers a practical recommendation for future biomarker development. The purpose of 
this article is to provide a concise but scholarly synthesis of current evidence on gut microbiome-derived 
metabolites as biomarkers for insulin resistance in gestational diabetes and to clarify their future research and 
clinical relevance. 

Microbiome and Pregnancy 
Pregnancy reshapes host metabolism, immunity, and intestinal ecology, creating a biological setting in which gut 
microbial shifts may have stronger metabolic consequences than in the non-pregnant state [7]. Studies comparing 
women with gestational diabetes and healthy pregnant controls consistently show differences in microbial 
composition and functional metabolism, suggesting that dysbiosis may accompany or contribute to insulin 
resistance. Although microbial diversity findings are not uniform across studies, the broader signal is that 
pregnancy associated dysbiosis is biologically plausible and clinically relevant [8].  
The gut microbiota affects insulin sensitivity through several routes. It regulates intestinal barrier integrity, 
modulates low grade inflammation, influences endotoxin translocation, and produces metabolites that act on 
hepatic, adipose, and pancreatic targets [9]. In gestational diabetes, these pathways may amplify inflammatory 
signaling and impair glucose disposal, thereby worsening insulin resistance. This is particularly important because 
the phenotype of gestational diabetes is not simply hyperglycemia, but a coordinated metabolic disturbance in 
which inflammatory and hormonal signaling intersect [10].  A key strength of microbiome research is its ability 
to connect ecological change with metabolic output [11]. Rather than focusing only on taxa, metabolomic 
profiling captures the downstream products of microbial activity and host metabolism. This makes metabolite-
based biomarkers especially relevant in gestational diabetes, where dynamic metabolic adaptation may be more 
informative than single time point microbiome snapshots. The emerging view is that the microbiome should be 
interpreted as a functional endocrine organ whose metabolites may mirror insulin resistant physiology [12].  

Short Chain Fatty Acids 
Short chain fatty acids, especially acetate, propionate, and butyrate, are among the best studied microbial 
metabolites in metabolic disease [13, 14]. They are generated mainly through bacterial fermentation of 
nondigestible carbohydrates and influence appetite regulation, gut barrier function, inflammation, and insulin 
signaling. In gestational diabetes, altered short chain fatty acid profiles have been repeatedly reported, suggesting 
that reduced or distorted fermentation products may reflect disrupted microbial metabolism [8].  
The clinical significance of short chain fatty acids lies in their dual role as functional mediators and measurable 
analytes. Some studies report that specific branched chain and related fatty acids, such as isobutyric acid, isovaleric 
acid, valeric acid, and caproic acid, are elevated in women with gestational diabetes and correlate with glucose and 
lipid abnormalities. These findings imply that not all short chain fatty acid changes are uniformly protective; 
rather, the pattern, proportion, and metabolic context matter. In a disease state characterized by insulin resistance, 
altered fermentation may reflect dietary shifts, microbial imbalance, or host compensatory responses [12].  
From a biomarker standpoint, short chain fatty acids are attractive because they are measurable in serum and feces 
and may be combined into multianalyte panels. However, their interpretation requires care. Levels can vary by 
diet, sampling method, gestational age, and antibiotic exposure, which limits their use as standalone markers. Even 
so, their biological relevance to intestinal signaling and peripheral insulin action places them at the center of 
biomarker research in gestational diabetes [15].  

Bile Acid Signaling 
Bile acids are no longer viewed solely as digestive detergents; they are signaling molecules that influence glucose 
metabolism through receptors such as farnesoid X receptor and TGR5 [16, 17]. The gut microbiota modifies 
primary bile acids into secondary and conjugated forms, thereby shaping systemic metabolic signaling. In 
gestational diabetes, this pathway appears especially important because bile acid dysregulation can influence 
insulin sensitivity, hepatic gluconeogenesis, and inflammatory responses [10].  Recent metabolomic studies have 
identified altered bile acid patterns in gestational diabetes, including increased GUDCA, THDCA plus TUDCA, 
and LCA 3S in comparison with healthy pregnancy controls [18, 19]. Such changes suggest that gestational 
diabetes is associated with a remodeled bile acid pool, potentially driven by microbiome shifts. Since bile acids can 
act as endocrine mediators, their altered abundance may provide both mechanistic insight and biomarker value 
[12].  Bile acid-based biomarkers are promising because they may capture the interaction between microbial 
enzymatic activity and host metabolic adaptation. They may also be more pathophysiologically informative than 
simple microbial abundance measures, especially when paired with glucose and lipid indices. Nevertheless, clinical 
translation remains limited by analytical complexity, intra individual variability, and the need for gestational age 
specific reference ranges. The most realistic near term application is not isolated bile acid testing, but 
incorporation into composite biomarker models [8].  

TMAO and Related Markers 
Trimethylamine N oxide and its related metabolites have attracted attention because they link microbiota 
dependent choline and carnitine metabolism to cardiometabolic disease [20]. In gestational diabetes, however, the 
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current evidence is less consistent than for short chain fatty acids and bile acids. One targeted metabolomics study 
found that TMAO and its derivatives did not differ significantly between women with gestational diabetes and 
healthy controls, despite other metabolite changes being clear. This suggests that TMAO may not be a dominant 
biomarker in all gestational diabetes populations [12].  Even so, TMAO related biology should not be dismissed. 
It remains a relevant candidate because it represents a distinct microbial pathway and may interact with 
inflammation, lipid metabolism, and vascular risk. Its usefulness may depend on population characteristics, dietary 
patterns, renal function, and the timing of measurement. In pregnant populations, these factors can vary widely 
and may obscure true biological signal [8].  For now, TMAO appears better suited as a component of broader 
metabolite panels than as a solitary marker. Its main value may lie in refining mechanistic models of microbiome 
host interaction rather than serving as a primary diagnostic tool. Future studies should determine whether TMAO 
adds predictive value when combined with bile acids, short chain fatty acids, and traditional clinical measures 
[15].  

Biomarker Translation 
The strongest argument for microbiome derived metabolites is that they may detect insulin resistant biology 
before overt disease becomes clinically obvious [21]. In one serum-based study, multiple metabolites showed 
significant differences between gestational diabetes and healthy pregnancy, and receiver operating characteristic 
analysis indicated that these metabolites may function as potential biomarkers. A separate multi omics study also 
found discriminatory fecal and urinary metabolites and developed a combinatorial marker panel with high accuracy 
for distinguishing gestational diabetes from controls. Such findings are encouraging because they suggest that 
metabolite panels may outperform single analytes [22].  Translation to practice, however, requires more than 
statistical discrimination. Biomarkers must be reproducible across cohorts, robust to diet and treatment effects, 
and feasible for routine laboratory use. Longitudinal validation is especially important because gestational diabetes 
evolves across pregnancy, and a useful biomarker should ideally predict risk before diagnosis, not merely confirm 
it afterward. This means future research should prioritize early gestation sampling, standardized analytic methods, 
and integration with body mass index, family history, and glucose testing [15].  A practical model is emerging in 
which microbiome metabolites complement existing screening rather than replace it. For example, a panel of bile 
acids plus short chain fatty acids may better capture metabolic stress than fasting glucose alone, while also 
providing mechanistic insight. Such a strategy is more realistic for clinical adoption and more aligned with the 
multidimensional biology of gestational diabetes [12].  

CONCLUSION 
Gut microbiome-derived metabolites represent a compelling class of candidate biomarkers for insulin resistance in 
gestational diabetes because they reflect the functional interface between microbial ecology, host metabolism, and 
inflammatory signaling. Evidence to date supports meaningful alterations in short chain fatty acids and bile acid 
profiles, with some studies showing correlation with glucose and lipid disturbances and diagnostic discrimination 
between gestational diabetes and healthy pregnancy. The available literature also suggests that microbial 
metabolic signatures may be more informative than taxonomy alone, because they capture biochemical 
consequences of dysbiosis rather than its descriptive composition. Nevertheless, present findings are still limited 
by small sample sizes, heterogeneity in analytical platforms, and the lack of universally accepted metabolite 
thresholds. For clinical science, the most important implication is that these metabolites may become useful as 
early screening adjuncts, risk stratification tools, and mechanistic biomarkers if validated in longitudinal, 
multiethnic cohorts. Future studies should develop standardized, multi metabolite panels and test them 
prospectively against current gestational diabetes screening methods. 
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