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Abstract — The gut microbiota (GM) is increasingly recognized to play a crucial role in metabolic diseases such as
metabolic syndrome (MetS), type 2 diabetes (T2D), dyslipidemia, obesity, and metabolic dysfunction-associated ste-
atotic liver disease (MASLD). Alterations in GM have been linked to inflammation and pathological deregulation of
various metabolic functions, such as glucose and lipid metabolism. Over the past decade, therapies such as fecal micro-
biota transplantation (FMT) and washed FMT (WMT) have provided some evidence of their therapeutic potential. An
increasing amount of scientific evidence has been generated, making it difficult to keep track of the field’s key progress.
In this review, we aimed to summarize the scientific progress over the past year on FMT in cardiometabolic diseases.
In summary, human and animal studies provide compelling evidence that FMT, depending on various factors, may
affect GM to some extent, thereby regulating microbial diversity and metabolic processes. The extent of microbial al-
terations in recipients and the extent of engraftment of the donor species were particularly crucial factors. Furthermore,
in vivo studies provided mechanistic evidence of FMT on the development of T2D, obesity, and cardiovascular disease.
Dietary strategies, nutrients, plant compounds, and environmental factors have been linked to the modulation of GM
in FMT-based studies.
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INTRODUCTION

The gut microbiota (GM) is increasingly recognized as a central element in health and disease
development. The GM is involved in the modulation of different metabolic pathways, inflamma-
tory processes, and the immune system. Thus, they promote the development and progression
of various cardiometabolic diseases such as metabolic syndrome (MetS), type 2 diabetes (T2D),
dyslipidemia, obesity, metabolic dysfunction-associated steatotic liver disease (MASLD), and car-
diovascular diseases'®. As a result, there is a growing interest in preventive and therapeutic stra-
tegies that can positively influence the microbiome to treat metabolic and cardiovascular diseases.

Fecal microbiota transplantation (FMT) is considered one of the most effective approaches to
impact microbial environment and host-related inflammatory and cellular pathways. Besides to the
classical preparation formular for FMT, additional attention has been seen for the washed fecal
microbiota transplantation (WMT), which is based on microfiltration and centrifugation to reduce or
eliminate the microbial load and at least hypothetically contributing to safety of the FMT. In addition
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to the FMT-established indication for the management of Clostridioides difficile, FMT has been
extensively studied for other conditions and indications, particularly in the management of cardio-
metabolic diseases. Furthermore, the mechanistic understanding of the role of FMT is studied in
in vivo studies (Figure 1).
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Figure 1. Summary of new insights into the FMT in cardiometabolic diseases.

GM: gut microbiota: FMT: Fecal microbiota transplantation, WMT: Washed microbiota transplantation, BMI, Body-
mass-index, TC: Total cholesterol, TG: Triglyceride, LDL: Low-density lipoprotein, T1D: Type-1-diabetes, C-section:
Caesarean section, VS: Vaginal seeding, CDCA: Chenodeoxycholic acid, UDCA: Ursodeoxycholic acid. Created in
BioRender. Thon, C. (2026) https://www.biorender.com/

This review aims to provide the scientific community with a summarized overview of the latest
advances in FMT in cardiometabolic disease and highlight the most important discoveries of the
past year.

METHODOLOGY

A literature search was conducted to identify the most relevant papers on the topic published betwe-
en April 2024 and March 2025. The following terms were used for the selection of the papers: “fecal
microbiota transplantation”, “cardiometabolic disease”, and “metabolic disease”. Due to the substan-
tial number of papers on the topic, subsequent author-based selection was performed to identify

original studies with the highest possible clinical and translational impact or relevance (Table 1).

FMT FROM HUMAN TO HUMAN

FMT is considered the most potential tool for microbiome modification and several studies extensi-
vely evaluated potential therapeutic efficiency in patients with cardiometabolic disorders, including
MetS, T2D, dyslipidemia, and MASLD (Figure 1).

Van der Vossen et al' showed that FMT from healthy donors to MetS patients was associated
with a significant reduction in blood pressure. A transfer of Collinsella aerofaciens and Fusocateni-
bacter saccharovorans led to a reduction in nitric oxide synthase-inhibiting metabolites, suggesting
that the GM may modulate vascular function.

2


https://www.biorender.com/

FECAL MICROBIOTA TRANSPLANTATION IN CARDIOMETABOLIC DISEASES

D
TABLE 1. SUMMARY OF PUBLICATIONS RELATED TO FMT IN THIS REVIEW.

Reference Donor* Recipient** Tested variable Main message

Fecal microbiota transplantation (FMT) from human to human

Van der Vossen et alf Healthy humans 29 patients with MetS Healthy GM FMT lowered blood pressure in MetS by modulating metabolites.
Gomez-Perez et al® Healthy humans 21 patients with MetS Healthy GM FMT and probiotics had minimal impact on metabolic control, uric acid, HbA1c, or GM in T2D.
Zhang et al? Healthy humans 29 patients with MetS Healthy GM FMT efficacy with fiber in MetS depends on recipient baseline GM.
Hu et al® Healthy humans 65 patients with MetS Healthy GM WMT improves MetS outcomes, with donor OMV metabolites predicting efficacy.
Lietal Healthy humans 14 patients with MetS Healthy GM WMT reduces glycemic variability by modulating GM and metabolism.
Liang et al®® Healthy humans 56 patients with high lipids WMT safely enhance lipid profiles and lowers cardiovascular risk in dyslipidemia patients.
and 68 with normal lipids Healthy GM
Lin et al® Healthy humans 68 patients with WMT Healthy GM WMT improves MetS, but its success depends on factors that affect gut microbiota balance.
Zhong et al® Healthy humans 21 patients with MASLD Healthy GM WMT alleviates MASLD by reshaping GM.
Yau et al® Healthy humans 123 patients with diseases Healthy GM FMT is safe in the long term, with a low risk of new medical conditions.
FMT from human to mouse model
Wang Z et al T1D patients and healthy GF male mice TiD Microbiota assembly and colonization efficiency determine how well germ-free humanized
humans mice replicate donor traits.
Tillett et al" T1D patients GF NOD/Lt female mice TiD SCFA biotherapy remodels the GM and immune system, delaying the progression of T1D.
She et al Patients + statin AB male mice + HFD or HFD Statin + high HbA1c Statin-altered GM promotes insulin resistance and high HbA1c.
Namasivayam et al*® Newborns after C-sections ~ GF male and female mice +-VS VS in C-section infants shapes the early GM, reducing intra-abdominal fat in male mice.
FMT from mouse model to mouse model - MetS
Mao et al** C57BL/6N + LFD AB male mice + HFD or LFD Different FVT Modified fecal virome transplantation enhance metabolism and GM.
Ni et al’® Male mice + HFD + STZ AB male mice + HFD + STZ +RB-P1-1 Ramaria botrytoides polysaccharide RB-P1-1 enhances T2D by reshaping the GM and regulating
metabolites involved in glucose metabolism.
Zhuetal® Male + MGI AB male mice + MGl +/- Quercetin Quercetin improves MetS by modulating GM and BAs to boost TGR5-driven thermogenesis.
Xia et al"” Male mice + HSHFD + STZ ~ AB male mice + HSHFD +STZ  + Metformin or ABP-L Achyranthes bidentata polysaccharide alleviates T2D by modulating GM to boost short-chain
or ABP-H fatty acids and activate GLP-1-mediated insulin signaling.
FMT from mouse model to mouse model - MetS
Liang et al® Male mice AB male mice +/- Polysorbate 80 Polysorbate 80 harms offspring metabolism via microbiome changes.
Shao et al®® Male mice AB male mice +/- Fine dust GM and acetate mediate fine particulate matters impact on glucose metabolism.
Chen et al*! Male mice + HFD AB male mice + HFD + Tryptophan Tryptophan improves MetS via GM-bile acid modulation.
Cross et al? Female mice + LFD GF +LFD +/- Ovariectomy Ovariectomy disrupts the GM, increasing inflammation and metabolic dysfunction.

Continued
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TABLE 1 (CONTINUED). SUMMARY OF PUBLICATIONS RELATED TO FMT IN THIS REVIEW.

Reference Donor* Recipient** Tested variable Main message

FMT from mouse model to mouse model - MASLD
Zhong et al® Male mice AB male mice + MCD +/- MCD WMT enhances MASLD by restoring GM balance.
Feng et al® Male mice + HFD AB male mice + HFD +/- TRF Time-restricted feeding alleviates MASLD by modulating nicotinamide metabolism.
Huang et al** Male mice + HFD AB male mice + HFD +-YTP Large-leaf yellow tea polysaccharides alleviates MASLD in mice by reshaping the GM.
Yang et al® Male mice + ND/HFD AB male mice +/- LPTE low Liupao tea extract alleviates MASLD by modulating lipid metabolism and GM.
Wang et al® Male mice + HFD Male mice + HFD +/- Tangshen Formula It improves MASLD by regulating GM, intestinal barrier, and metabolic profiles.

FMT from mouse model to mouse model - obesity

Zeng et al” Male + ND or HFD GF male mice + ND +/- Superoxide dismutase HFD trigger microbiota-derived ROS that damage the gut barrier and drive metabolic disorders.
Huang et al® Male mice + ND or HFD AB male mice + HFD +/- Vitexin-rhamnoside or VRN improves HFD-induced lipid disorders by modulating the GM.
VR-nanoparticle
Luetal® Male mice + SD or HFD Male mice + HFD +- PEG Galactomannan from Eurotium cristatum reduces obesity by modulating gut microbiota.
or HFD + PEG
Zhai et al® Male mice + HFD AB male mice + HFD +/- Microplastic Polystyrene microplastic exacerbate obesity induced by a HFD by altering the GM.

FMT from mouse model to mouse model - vascular system

Cheng et al® Male young mice (8 weeks)  AB male mice 40 weeks old Age Young microbiota reverses vascular aging via gut barrier repair.
or >75 weeks old
Cheng et al*? Male diabetic or AB sed diabetic mice +sed or ex The GM of exercised donors improves the vascular function and metabolism
non-diabetic mice of sedentary diabetic mice.
Luo et al®® Male ApoE-/- mice + WD AB male ApoE-/- mice +/- Aucubin high Aucubin enhances atherosclerosis by modulating the GM and increasing indole-3-acetic acid production.
Luetal® Male ApoE-/- mice + HFD ~ AB male ApoE-/- mice + HFD + ALW or saline ALW-11-41-27 alleviates atherosclerosis by improving lipid metabolism.
FMT with rat model
Pefia-Ocafia et al*®® Male Wistar rats + ND Male Wistar rats + HFD Healthy GM Healthy GM transplants can reverse dysbiosis and improve MetS.
Cao et al*® Sprague-Dawley rats + AB Sprague-Dawley rats + +/- Xiehuo-Guzheng-high Xiehuo-Guzheng granules improve B-cell function and metabolic health in T2D by modulating GM
HFD + STZ HFD + STZ and their metabolites.
Wu et al* Sprague-Dawley rats AB mice +/- Shexiang Baoxin Pill Shexiang Baoxin Pill protects the heart in stable coronary artery disease by modulating purine
metabolism via Lactobacillus.
Dong et al*® Sprague-Dawley rats + HFD ~ AB Sprague-Dawley rats + ND ~ +/- APE Active peptides from Eupolyphaga sinensis lowers hyperlipidemia by modulating GM and GABA-related metabolism.
Shi et al® Male Wistar rats Male Wistar rat +/- Ibrutinib Ibrutinib induces atrial fibrillation via GM dysbiosis, preventable by Lactobacillus gasseri.

*If the name of the mouse in this table was not specified, then it is a SPF C57BL/6J.

#*AB: Antibiotic-treated, GF: Germ-free, db/m+: nondiabetic and spontaneously diabetic (db/db) mice

GM: Gut microbiome, MetS: Metabolic syndrome, MASLD: Metabolic-associated fatty liver disease, T2D: Type 2 diabetes, T1D: Type 1 diabetes, VS: Vaginal seeding, FVT: Fecal virome transplantation, ABP: Achyranthes bidentata poly-
saccharide, TRF: Time-restricted feeding, YPT: Large-leaf yellow tea polysaccharides, LPTE: Liupao tea extract, VR(N): Vitexin-rhamnoside or VR-nanoparticle, PEG: Galactomannan from Eurotium cristatum, sed: sedentary, ex: exercise,
APE: Active peptides

HFD: High-fat diet, LFD: Low-fat diet, HFD: High-fiber diet, STZ: Streptozotocin, HSHFD: High-sugar and high-fat diet, MCD: Methionine- and choline-deficient diet, ND: Normal diet, SD: Standard diet, WD: Western diet, MGI: Monosodium
glutamate injection.
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Modification of blood sugar levels is considered a reliable surrogate for health benefit in T2D
patients. Gdbmez-Pérez et al® showed that neither FMT nor the administration of Lactobacillus del-
brueckii improved blood sugar levels in patients with T2D. However, there were minor positive ef-
fects on uric acid and HbA1c. Taking into account that only 21 patients were included in the study,
further studies will be necessary to provide evidence on the role of FMT in short- and long-term
settings. Zhang et al? used a modified approach, combining FMT with fiber intake in obese MetS
patients. The authors found that in the responder group, recipients with improved insulin sensitivity
had greater transplant engraftment and microbial diversity. Interestingly, the composition of the GM
at the start of the study appears crucial for treatment success, as evidenced by a low Prevotella
frequency. Given the relevance of the baseline microbiome profile, one may conclude that a perso-
nalized approach, rather than general FMT, could be important in future studies. Despite ongoing
discussion, WMT has been suggested as an alternative tool for microbiome modification, particu-
larly for metabolic health benefits. Hu et al® reported that WMT significantly lowered BMI, blood
pressure and fasting glucose in patients with MetS. Interestingly, metabolomic analyses identified
outer membrane vesicle (OMV) signatures and 9-carboxymethoxymethylguanine as predictors of
response. Li et al” demonstrated that WMT significantly reduced insulin requirements and glucose
fluctuations in patients with T2D. WMT led to increased microbial diversity and network complexi-
ty. They found a higher abundance of the genus Prevotella and a lower abundance of the genera
Bacteroides and Escherichia-Shigella. Moreover, the analysis revealed an enrichment of microor-
ganisms with methane-producing, citrate cycle, and butyrate-producing metabolic pathways, sug-
gesting at least a short-term benefit in stabilizing blood sugar levels. Interestingly, no changes were
found in circulating inflammatory cytokines, enteroendocrine hormones, or C-peptide.

With regard to lipid metabolism disorders, Liang et al* demonstrated that repeated WMT safely
improved total cholesterol (TC), low-density lipoprotein (LDL), and triglyceride (TG) levels. Multi-sta-
ge treatment over 1 year offers sustained cardiovascular benefits. Similarly, Lin et al® demonstrated
that WMT reduced the risk of atherosclerotic cardiovascular disease and resolved MetS in 42.65%
of cases. Success of treatment was associated with younger age, a higher smoking index, infection,
single-donor use, a single course of WMT and the presence of hypertension, diabetes or obesity.

In MASLD, Zhong et al® found that WMT could improve bacterial dysbiosis by increasing the
levels of beneficial bacteria such as Bifidobacterium and Megasphaera, while decreasing the levels
of Neisseria. Moreover, WMT was associated with reduced hepatic steatosis by restoring CXCR6
expression on IL-22-producing innate lymphoid cells 3. It is believed that this improves the gut-liver
axis by promoting liver repair mechanisms. In a larger study involving 123 patients with various di-
seases, Yau et al® confirmed that FMT was well tolerated. During the 30-month observation period,
only mild and short-term gastrointestinal side effects were detected, and no long-term adverse
events occurred.

These human studies have demonstrated that FMT and WMT may be associated with impro-
ved metabolic and cardiovascular health by restoring beneficial microbes and the metabolic inte-
ractions between the host and microbes. However, hard evidence from randomized controlled trials
is needed before any suggestion for translation into clinical settings and for the treatment of MetS,
T2D, dyslipidemia, and MASLD.

FMT FROM HUMAN TO MOUSE MODEL

Studies in germ-free and human microbiota-associated mouse models contribute to a better under-
standing of how GM affects metabolic disorders, such as diabetes and obesity (Figure 1). Wang et
al'® transplanted feces from type 1 diabetes (T1D) patients and healthy donors in germ-free mice.
They found that colonization patterns strongly influenced metabolic outcomes. Mice with a more
random microbial composition had poorer glucose regulation, supporting the need for dedicated
donor selection and, ideally, multi-omics validation. Tillett et al'' took it a step further and investiga-
ted short-chain fatty acids (SCFA)-based biotherapy in patients with T1D. They found that the tre-
atment remodels the GM and proteome, enhances mucosal immune homeostasis, and improves
metabolic and immunoregulatory pathways. They confirmed its protective effects against diabetes
in preclinical FMT models in mice.

She et al'? showed that FMT derived from statin-treated patients with high HbA1c levels induced
insulin resistance in mice fed a high-fat diet (HFD). In this context, changes in bile acid metabolism,
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in particular reduced ursodeoxycholic acid (UDCA) and increased chenodeoxycholic acid (CDCA)
levels in stool samples, were detected. When a high-fiber diet was used, these effects disappea-
red, indicating that the statin-associated changes were strongly microbiota-dependent.

Namasivayam et al'® took a slightly different approach to examining the development of the
microbiome. The authors investigated the influence of the microbiome in the early stages of life.
They transferred stool samples from newborns who were vaginally seeded (VS) after a cesarean
section, as well as from newborns who were not (control), to germ-free male and female mice. Male
mice treated with VS stool had less visceral fat and greater microbial diversity. The control group
showed higher abundance of the Microbacteriaceae family in both sexes and of Staphylococcus in
male mice compared to the VS group. The VS group showed higher levels of Escherichia-Shigella
in both sexes. In addition, differences in metabolome profiles were observed in both sexes, sugge-
sting metabolic benefits from early modulation of the microbiome.

Taken together, these studies underscore that microbial composition, colonization efficiency,
and microbiota formation are critical determinants of metabolic health and therapeutic outcomes.

FMT FROM MOUSE-TO-MOUSE MODEL
Metabolic Syndrome

MetS is closely linked to dysbiosis of the GM. Metabolism could be improved through microbial
therapies and the administration of nutrients and natural compounds.

Mao et al** used fecal virome transplantation (FVT), a variant of FMT in which mainly bacteriopha-
ges are transferred to the recipient. They transplanted sterile-filtered stool from lean male mice into
mice fed a high-fat diet (HFD). This led to an improvement in glucose metabolism and liver function.
Interestingly, they observed a positive correlation between glucose regulation and Allobaculum spp.
Furthermore, a higher abundance of A. muciniphila, Bacteroides spp., and Oscillospira spp. was po-
sitively correlated with lower MASLD activity scores. The modified virus-inactivated FVT also showed
this effect, demonstrating that bacteriophages could be suitable as safe modulators of the GM.

Various natural compounds can also positively affect the microbiome. Ni et al's investigated the
effects of polysaccharides from the fungus Ramaria botrytoides. Treating T2D mice with RB-P1-1 poly-
saccharides led to an increased abundance of Proteobacteria and Cyanobacteria, as well as a re-
duction in Actinobacteria, Verrucomicrobia, Tenericutes, and Deferribacteres, compared to untreated
mice. Reduced food and water intake, as well as decreased blood glucose and insulin levels, were
observed in FMT mice that received stool from RB-P1-1-treated T2D mice. Similarly, Zhu et al'® showed
that the positive effects of flavonoid quercetin treatment, like weight loss, a decrease in free fatty acids,
and lower fat accumulation in the liver, can be transferred by FMT into recipient mice. In another paper,
Xia et al'” used polysaccharides from the plant Achyranthes bidentata (ABP) in mice with T2D. They
found improvements in glucose and lipid metabolism, as well as in the repair of the intestinal barrier.
Thus, microbial diversity could be restored by FMT in combination with ABP treatment.

Metabolism is also partially influenced by environmental factors. Liang et al'® reported that mice
that received stool from emulsifier polysorbate 80-treated mice exhibited MetS-like symptoms, such
as elevated HOMA-IR indices and OGTT values. Furthermore, gut permeability was higher, and
serum LPS levels increased. Moreover, Shao et al'® were able to prove that fine particulate matter
(PM, ;) negatively affects glucose intolerance and insulin resistance. Interestingly, the effect could not
be transferred to recipient mice via FMT if autoclaved stool from PM, .-treated mice was used.

In addition to external factors, there are also numerous endocrine factors and amino acids that
influence metabolism. Chen et al*® demonstrated that FMT using stool from fibroblast growth fac-
tor 21 (FGF21)-treated T2D mice improved blood sugar levels, lowered body weight and glucose
intolerance, and alleviated intestinal damage in T2D mice. Building on these findings, Chen et al?'
observed similar results when performing FMT from HFD + tryptophan mice to only HFD-fed mice.
The FMT-treated mice showed lower weight gain and decreased serum glucose, TG, and TC levels
compared to the control group, and serum total bile acid concentrations in the liver increased. Also,
Cross et al?®? successfully transferred alterations in the microbiota induced by menopause-related
metabolic decline to recipient mice, which exhibited greater weight gain and hepatic inflammation.

Taken together, these findings emphasize the role of the GM in MetS and highlight the therapeu-
tic potential of personalized, microbiota-targeted interventions.
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MASLD

MASLD is closely related to dysbiosis of the GM and can lead to fat accumulation in the liver, inflam-
mation, and resulting in metabolic disorders. Zhong et al® investigated the use of WMT in MASLD
mice and demonstrated that TG and TC levels, as well as the MASLD activity score, were reduced
following administration of stool from healthy mice. Furthermore, this decreased the amount of fat
and liver injury. In addition, Feng et al?® showed that the stool of time-restricted feeding (TRF) mice
reversed the effects of an HFD, including body and liver weight, NAS, and liver enzymes.

Natural compounds also exhibit liver-protective properties mediated by the GM. Huang et al?*
demonstrated that stool from large-leaf yellow tea (YTP) treated mice decreased the abundance
of Streptococcus and Lactobacillus, when transplanted into HFD mice. The proportion of conjuga-
ted bile acids was increased, and lipid deposition and hepatic metabolic injury were ameliorated.
Similarly, Yang et al*® found that the progression of MASLD was slowed when HFD mice received
FMT from mice treated with Liupao tea extract. A study by Wang et al?® investigated the effect of a
Chinese herbal formula called Tangshen Formula (TSF) and showed improvements in glucose and
insulin tolerance, regulation of lipid metabolism, liver enzymes, and intestinal integrity in MASLD
mice that had received an FMT from HFD+TSF-treated mice.

These studies underscore the importance of the gut-liver axis as a therapeutic target. WMT,
dietary polysaccharides, herbal extracts, and TRF were linked to microbiome changes and stren-
gthened the role of the microbiome in MASLD.

Obesity

Exploring the role of microbiome in obesity, Zeng et al*” were able to demonstrate that an HFD incre-
ased microbial reactive oxygen species (ROS). This led to dysfunction of the intestinal tight junctions
and damage to epithelial mitochondria. These effects can be transferred to recipient animals via
FMT, and Enterococcus was identified as an important ROS producer. On the other hand, Huang
et al® used the flavonoid vitexin rhamnoside and its nanoparticle form as a therapeutic approach to
treat obesity in mice fed an HFD. This treatment was shown to improve dyslipidemia and dysbiosis
induced by an HFD, resulting in increased abundance of Romboutsia and Faecalibaculum, and this
effect could be transferred by FMT in HFD mice. Similarly, Lu et al®®* demonstrated that a novel galac-
tomannan derived from Eurotium cristatum fungus mitigated obesity and metabolic disorders in mice
on an HFD. FMT confirmed that the anti-obesity effects of PEC are dependent on the gut microbiota.
In another study, Zhai et al*® investigated the long-term exposure of obese mice to polystyrene
microplastic (PS-MP). This led to increased body and liver weight. In addition, the severity of me-
tabolic dysfunction-associated steatohepatitis (MASH) increased, and blood sugar and lipid levels
rose. In addition, dysbiosis of the GM was detected. These effects could be reproduced by FMT
and reversed by antibiotic treatment, which confirms their dependence on the GM. These studies
highlight the role of environmental factors in the development of obesity by affecting the GM.

Vascular System

Increasing evidence revealed a crucial connection between the gut microbiota and vascular heal-
th, showing that microbial composition and metabolites can directly influence endothelial function,
inflammation, and atherosclerosis progression. Cheng et al*' demonstrated that FMT from young
donors could reduce vascular aging and metabolic decline in older mice. Six weeks of FMT im-
proved endothelial function, reduced inflammation, and restored telomere function in the aortas
and intestines of the mice. The strongest effects were observed in the middle-aged group (40-42
weeks). In another study, Cheng et al** showed that GM from exercise-trained mice can transfer
cardiometabolic benefits to sedentary diabetic mice. This improves vascular function and glucose
regulation through gut-vascular communication.

In contrast, Luo et al*® investigated the influence of the active ingredient aucubin (Au) from the
plant Eucommia ulmoides on mice without the apolipoprotein E gene (ApoE™). They found that
altering GM and its metabolites reduced atherosclerosis in ApoE" mice. Au led to reduced dy-
slipidemia, vascular inflammation, and plaque formation, and the proportion of Lactobacillus and
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indole-3-acetic acid increased. Similarly, Lu et al** used ALW-II-41-27, an ephrin type A receptor 2
inhibitor, in mice fed an HFD. This led to reduced plaque formation and inflammation in the vessels.
In addition, increased levels of Enterococcus, Akkermansia, Eggerthella, and Lactobacillus were
detected. Both results were reproduced by FMT demonstrating the importance of the GM in the
gut-vessel axis as a promising therapeutic target.

FMT WITH RAT MODELS

In addition to mouse models, studies involving rats and cardiovascular and metabolic diseases
were also published in 2024. For example, Pena-Ocana et al*® were able to show that MetS-related
dysbiosis promotes metabolic disorders and thus obesity and high blood pressure. When rats with
MetS were given 211 cultured GM species from healthy rats, the GM balance was restored and the
proportion of butyrate-producing bacteria increased. In addition, a reduction in inflammation and
normalization of weight, glucose, and lipid levels were observed.

Several studies®*?® have investigated the therapeutic effects of traditional Chinese medicine on
cardiovascular diseases. Cao et al®® found that Xiehuo-Guzheng (XHGZ) granules improved be-
ta-cell function and thus reduced T2D in rats. There was a reduction in LPS-producing bacteria and
an increase in SCFA producers, such as Prevotella and Lactobacillus intestinalis. This improved the
intestinal barrier, and FMT confirmed the antidiabetic effect of XHGZ in other T2D rats that had not
received prior XHGZ treatment. Wu et al*” used Shexiang Baoxin Pill (SBP) for angina pectoris in rats.
This showed an improvement in purine metabolism by lowering inosine levels via Lactobacillus-me-
diated mechanisms, thereby reducing angina pectoris. The cardioprotective effect was also demon-
strated in recipient mice when stool from rats with acute myocardial infarction and SBP treatment was
transferred to them. The heart function improved, and myocardial damage was reduced.

Dong et al®*® investigated active peptides from Eupolyphaga sinensis in rats fed an HFD. They
were able to show that there was an improvement in the GM, an increase in the content of Lactoba-
cillus and Clostridium, and regulation of amino acids and gamma-aminobutyric acids. The results
were further validated by using FMT on previously untreated rats.

Shi et al®* investigated the effects of the anti-cancer drug ibrutinib in rats. They found that the
drug increases susceptibility to atrial fibrillation (AF) by inducing GM dysbiosis, particularly by re-
ducing Lactobacillus gasseri. Supplementation with L. gasseri or its metabolite, butyrate, prevents
AF by reducing oxidative stress and atrial remodeling. Most importantly, the effects could be tran-
sferred following FMT.

FUTURE DIRECTIONS AND CONCLUDING REMARKS

Understanding the complex interplay among the GM, metabolic, and cardiovascular diseases re-
mains one of the most compelling challenges in translational research. Emerging evidence in-
creasingly supports the notion that alterations in microbial composition and function are integral
components in the pathogenesis of cardiometabolic diseases. In this review, we have summarized
the most recent advances in microbiome-based diagnostics and therapeutics, offering readers a
concise overview of this rapidly evolving field.

Future research should aim to translate preclinical and early clinical findings into safe, stan-
dardized, and personalized microbiota-directed interventions. While FMT and WMT have demon-
strated promising effects on metabolic, hepatic, and vascular parameters by restoring microbial
homeostasis, several critical issues remain to be addressed, most notably long-term safety, donor
selection criteria, durability of microbial engraftment, and optimal treatment protocols. If proven,
integrating FMT or WMT with dietary modification, pharmacotherapy, targeted probiotics, or me-
tabolite supplementation could enhance therapeutic efficacy and sustainability. Equally important
are advances in germ-free and humanized mouse models, which, combined with multi-omics tech-
nologies, will provide higher-resolution insights into host-microbe interactions. These approaches
are expected to identify key microbial taxa, genes, and metabolites that influence metabolic and
cardiovascular pathways, as well as biomarkers that predict therapeutic response. With continued
scientific progress and rigorous clinical validation, the translation of microbiome- and FMT-based
therapies into clinical practice may improve current diagnostic and therapeutic strategies.
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