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Objective: To explore associations between gut microbiota composition, blood/urine biochemical markers, and recurrent calcium
oxalate stones, identifying potential risk factors.

Methods: A retrospective study compared 88 patients (>2 stone episodes, 2023-2025) with 90 age/gender-matched controls. Fecal
16S rRNA sequencing assessed microbial diversity, alongside blood lipid profiles, creatinine, uric acid, and 24-hour urine analysis.
Multivariate logistic regression identified independent predictors.

Results: Baseline demographics were comparable (P > 0.05). Patients exhibited higher Escherichia coli and Fusobacterium, lower
Faecalibacterium and Lachnospira (P < 0.05). Elevated triglycerides, creatinine, reduced HDL-C, and lower urinary magnesium/citrate
(P < 0.05) were observed. Spearman analysis linked E. coli abundance to higher creatinine (r = 0.598) and lower HDL-C (r = —0.607),
while Faecalibacterium inversely correlated with creatinine (r = —0.624; all P < 0.05). Logistic regression identified E. coli abundance,
serum creatinine, and urinary magnesium as independent recurrence risk factors (P < 0.05).

Conclusion: Gut microbiota dysbiosis correlates with metabolic and urinary abnormalities in recurrent stone formers. Monitoring
E. coli levels and biochemical parameters may aid recurrence prediction.
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Introduction

Calcium oxalate stones represent the most prevalent type of urinary tract stones, accounting for 60-80% of all urolithiasis cases.
Their high recurrence rate (up to 50% within 5 years) poses a significant challenge in global urological practice. Despite
advancements in dietary interventions, pharmacoprevention, and surgical stone removal, the prevention and management of
recurrent stones still lack precise biomarkers and effective therapeutic targets.' > Recent studies suggest that gut microbiota, as
a central hub linking metabolism and immunity, may play a pivotal role in calcium oxalate stone formation and recurrence
through mechanisms involving oxalate metabolism regulation, intestinal barrier function modulation, and host-microbe cross-
talk. Prior research has demonstrated that gut microbiota directly influence urinary oxalate excretion and stone risk via dietary
oxalate degradation, vitamin and short-chain fatty acid (SCFA) synthesis, and maintenance of intestinal barrier integrity. The
specific mechanism by which gut microbiota participates in stone formation includes: @ Metabolic regulation: Escherichia coli
activates the TLR4/NF - k B pathway through lipopolysaccharide (LPS), inducing renal inflammatory response; 2) Barrier
protection: Faecalibacterium secretes butyrate to enhance tight junctions of intestinal epithelium and reduce the entry of
endotoxins into the bloodstream; 3 Crystal regulation: Oxalobacter formigens degrade dietary oxalic acid and reduce urinary
oxalic acid saturation. These processes form a vicious cycle of “microbial dysbiosis metabolic dysbiosis crystal deposition”.
Recurrent stone patients exhibit reduced gut microbial diversity, characterized by the depletion of oxalate-degrading bacteria (eg,
Oxalobacter formigenes) and enrichment of opportunistic pathogens (eg, Escherichia coli), leading to impaired oxalate-

International Journal of General Medicine 2025:18 6497-6506 6497
Received: 26 June 2025 © 2025 Ihang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creati org/licenses/by-nc/4.0/). By accessing the

Accepted: 21 September 2025
Published: 27 October 2025

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Zhang et al

degrading capacity. Emerging evidence further indicates a synergistic relationship between gut dysbiosis and abnormal blood/
urine biochemical parameters in recurrent calcium oxalate stone patients.*”” Epidemiological data shows that a high oxalate diet
(such as spinach and nuts) can increase urinary oxalate excretion by 40%, while a low calcium diet can reduce intestinal oxalate
binding and indirectly increase urinary oxalate concentration. The Revista de Nutri ¢a o review recommended in this study
systematically analyzed the relationship between 25 dietary components and stone risk and proposed that a “low calcium, high
potassium” dietary pattern can reduce the recurrence rate.

However, the specific associations between gut microbiota characteristics and blood/urine biochemical indicators in recurrent
calcium oxalate stone patients remain poorly defined, and their clinical translational potential warrants deeper investigation.
A previous microbiome study using 16S rRNA sequencing found significant enrichment of Escherichia coli (P < 0.01) and
Fusobacterium (P < 0.05) in the intestines of recurrent patients, while Faecalibacterium (P < 0.01) decreased. These changes in
microbiota are directly related to dyslipidemia (TG, HDL-C), renal dysfunction (elevated Scr), and decreased urine Mg 2+,
suggesting that microbiota may affect stone formation through metabolic pathways. Most existing studies focus on isolated
bacterial genera or single biochemical markers, lacking integrated multi-omics analyses that limit practical applications. Building
on the “microbiota-metabolism-host” interactive network theory, this retrospective study analyzed gut microbiota composition
(via 16S rRNA sequencing) and blood/urine biochemical profiles in recurrent calcium oxalate stone patients. It aims to: (1)
characterize gut microbiota signatures in recurrent stone patients compared to healthy individuals; (2) elucidate associations
between gut microbiota and indicators such as blood triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), serum
creatinine (Scr), urinary magnesium, and calcium; and (3) identify independent risk factors for stone recurrence. The findings
may provide novel targets for precise prevention strategies, including microbiota modulation (eg, probiotic interventions) or
metabolic correction (eg, magnesium supplementation), enabling early recurrence prediction and personalized interventions for

recurrent calcium oxalate stones.®’

Materials and Methods
Study Population

This retrospective study analyzed data from patients diagnosed with >2 episodes of calcium oxalate stones at our hospital
between February 2023 and February 2025. After rigorous screening based on inclusion criteria, 88 eligible patients were
enrolled as the study group, while 90 age/gender-matched healthy controls (with no history of stones) were selected as the
control group. The study protocol was approved by Qinghai University Affiliated Hospital institutional ethics committee
(Ethics Number: AF-RHEC-0062-01), adhering to the Declaration of Helsinki and relevant Chinese data protection
regulations. Given the retrospective nature of the study, which utilized preexisting clinical records without additional
patient risks, the ethics committee waived the requirement for informed consent. All data were anonymized, and a tiered
access control system was implemented to ensure privacy protection. The control group data is sourced from the
anonymized health records of our hospital’s physical examination center. All participants have signed the “Authorization
Letter for the Use of Biological Sample Bank” during the physical examination, authorizing the use of their desensitized
data for the study. The data processing flow of the control group is completely consistent with that of the research group,
including three levels of anonymity (removing name/ID number/contact information) and hierarchical access control. The
16S rRNA sequencing protocol has been reviewed by the ethics committee and confirmed to be ethically compliant as
follows: O Sequencing data is only used for microbial composition analysis and does not involve individual genomic
information; @ The raw sequencing data is stored on the hospital’s encrypted server and will be destroyed within 3 months
after the research is completed; 3 The sequencing results are not used for patient diagnosis or treatment decision-making.

This study used G * Power 3.1 software for sample size estimation, with o = 0.05 (double tailed) and B = 0.20
(statistical power of 80%) set. Based on the difference in bacterial communities related to stone recurrence, the effect
size d = 0.8 was calculated to require at least 76 samples per group. The actual inclusion of 88 research group samples

meets the statistical requirements.
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Inclusion and Exclusion Criteria
Study Group
Inclusion Criteria
Diagnosis of renal or ureteral stones confirmed via abdominal ultrasound, non-contrast computed tomography (CT), or
intravenous pyelography (IVU), with stone composition analyzed by infrared spectroscopy and confirmed as pure
calcium oxalate or mixed stones with calcium oxalate as the predominant component (>70%).'*'?

A history of >2 symptomatic stone episodes (documented by imaging and clinical records) with an inter-episode
interval >3 months.

Age 18-70 years, regardless of gender.

Complete clinical records.

Exclusion Criteria
Secondary stones with identifiable causes (eg, hyperparathyroidism, urinary tract anomalies).
Antibiotic or probiotic use within 3 months, or diagnosis of inflammatory bowel disease, irritable bowel syndrome,
short bowel syndrome, or other conditions affecting gut microbiota.
Comorbidities interfering with metabolic parameters (eg, diabetes, hyperthyroidism/hypothyroidism, obesity [BMI >
30 kg/m?]).
Abnormal renal function (elevated serum creatinine or reduced estimated glomerular filtration rate [eGFR]).
Special medication history (eg, immunosuppressants, diuretics).
Pregnancy/lactation, severe cardiopulmonary dysfunction, or malignancy.

Control Group
No history of urinary stones and confirmed asymptomatic status via abdominal ultrasound screening.

Normal fasting blood glucose, lipid profiles, serum uric acid, and renal function (serum creatinine, eGFR).

No history of gastrointestinal diseases or antibiotic/probiotic use within 3 months.

Propensity score matching (PSM) was applied to balance baseline characteristics between groups, using age, gender,
and BMI as covariates to achieve a 1:1 matching ratio.

Methods

All participants provided 3—5 mL of fasting venous blood in the morning. The following parameters were measured using
an automated biochemical analyzer: (D Lipid profile: triglycerides (TG), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C); 2 Renal function indicators: serum creatinine
(Scr) and uric acid (UA).

Participants collected a complete 24-hour urine sample (with total volume recorded), from which 10 mL of well-
mixed urine was obtained for analysis. Tested urinary parameters included: sodium (Na+), calcium (Ca+), phosphorus
(P3+), magnesium (Mg?+), and uric acid (UUA).

Fresh fecal samples (3—5 g) were collected in sterile containers and stored at —80°C. Sample processing steps
included: (O DNA extraction: Genomic DNA was purified using the QIAamp DNA Stool Mini Kit following mechanical
lysis and silica membrane adsorption protocols; @ Library construction: A two-step PCR amplification strategy was
employed, with the first PCR targeting the 16S rRNA gene V3-V4 variable region (primers 341F/806R) and the second
PCR adding Illumina sequencing adapters and sample-specific barcodes; & High-throughput sequencing: Libraries
passing quality control were sequenced on the Illumina NovaSeq 6000 platform (paired-end 2 x 250 bp). Raw data
were processed using Cutadapt to remove low-quality sequences and adapter contamination, followed by DADA2
pipeline analysis for operational taxonomic unit (OTU) clustering and taxonomic annotation.

All blood and urine parameters underwent internal laboratory quality control validation (inter-assay CV < 5%).
Sequencing depth was standardized to 30,000 reads per sample. Species abundance differences were analyzed using
LEfSe (LDA threshold > 3.0).
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Statistical Analysis

Spearman association analysis was performed to evaluate associations between gut microbiota and blood/urine biochem-
ical parameters in recurrent calcium oxalate stone patients. Multivariate logistic regression was used to identify
independent risk factors for stone recurrence. GraphPad Prism 8 was employed for graphical visualization, while
SPSS 26.0 was used for data management and analysis. Normality was assessed via the Shapiro—Wilk test. Normally
distributed data with homogeneous variance are presented as mean =+ standard deviation (£s); non-normal data are
expressed as median (interquartile range). Continuous variables were compared using Student’s #-test or the Mann—
Whitney U-test as appropriate. Categorical variables are presented as frequencies [n (%)] and analyzed using the y>-test.
Statistical significance was defined as P < 0.05.

Results

Clinical Data

The study group comprised 88 patients (69 males, 19 females) with a mean age of 50.45 + 8.56 years and a BMI of 24.02
+ 2.88 kg/m2. The control group included 90 healthy individuals (68 males, 22 females) with a mean age of 50.14 + 8.92
years and a BMI of 23.88 + 3.12 kg/m? No statistically significant differences were observed in baseline clinical
characteristics between the two groups (P > 0.05), confirming their comparability (Table 1).

Gut Microbiota Composition
Gut microbiota analysis revealed significantly higher relative abundance of Escherichia coli and Fusobacterium in the

study group compared to the control group (P < 0.05), while Faecalibacterium and Lachnospira were significantly less
abundant (P < 0.05) (Figure 1).

Biochemical Parameters

Blood Lipid Profile

The study group exhibited significantly elevated TG and Scr levels (P < 0.05) and reduced HDL-C levels (P < 0.05)
compared to the control group (Figure 2).

Urine Composition Analysis
Twenty-four-hour urine samples showed significantly lower urinary Mg+ levels in the study group (P < 0.05) (Figure 3).

Association Analysis
Spearman analysis showed that the abundance of Escherichia coli was positively correlated with Scr (r = 0.594, P =
0.035) and negatively correlated with HDL-C (r = —0.658, P = 0.014) (Table 2).

Risk Factor Analysis

Logistic regression showed that for every 1 logarithmic unit increase in Escherichia coli abundance, the risk of stone
recurrence increased by 12.5% (OR = 1.125, 95% CI: 1.025~1.382, P < 0.001). This effect size suggests that when the
abundance of E. coli in the patient’s gut exceeds 2 standard deviations of the healthy population, the risk of recurrence

Table | Clinical Characteristics of Participants

Research Group | Control Group | t/X? P
Number of Cases | — 88 90 - -
Gender Male 69 68 - -
Female | 19 22 0.204 | 0.651
Age - 50.45 + 8.56 50.14 £ 8.92 0.237 | 0813
BMI - 24,02 +2.88 23.88 £ 3.12 0.311 | 0.756
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Figure | Relative Abundance of Pathogenic Bacteria in the Two Groups.
Note: *Indicates statistical significance (P < 0.05). Z-scores (left to right): —0.312, —3.112, —2.541, —3.251, —2.258, —0.258.
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Figure 2 Comparison of Blood Lipid Levels Between Groups.
Note: *Indicates statistical significance (P < 0.05). t-values (bottom to top): —2.112, —0.621, —3.118, 0.168, —3.125, —0.118.

will increase by about 25% (calculation formula: 1.125? = 1.266). Combining its dual mechanisms of promoting oxalic

acid absorption (OR = 1.18) and inducing renal tubular injury (OR = 1.32), clinical consideration should be given to

incorporating E. coli abundance monitoring into recurrence risk stratification management (Table 3).
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Figure 3 Comparison of Urine Component Analysis Between Groups.
Note: *Indicates statistical significance (P < 0.05). t-values (bottom to top): 0.251, —1.654, —0.4214, —2.345, —0.445.

Discussion

1
300

Currently, the pathophysiology of urolithiasis remains incompletely elucidated, with clinical interventions primarily

focusing on increasing fluid intake to dilute urine and reducing dietary calcium and oxalate intake. The human

gastrointestinal tract hosts approximately 10'* microorganisms, encompassing over 50 bacterial phyla and hundreds of

species, collectively termed the gut microbiota, whose combined genetic material constitutes the gut microbiome.

Breakthroughs in next-generation sequencing technologies have enabled researchers to uncover associations between

Table 2 Association Analysis of Gut Microbiota with Blood and Urine Biochemical Parameters

Escherichia coli Genus | Fecal Bacteria Genus | Clostridium Genus | Genus Trichomonas
r P r P r P r P
TG 0.085 0.498 0.085 0.594 0.088 0.448 0.152 0.358
Scr 0.594 0.035 —-0.655 0.019 0.048 0.658 —0.651 0.561
HDL-C —0.658 0014 0.131 0.285 —0.115 0.165 —0.056 0.745
Urine MgZ+ —0.652 0.358 0.325 0.156 =0.115 0.258 0.056 0.951

Table 3 Independent Risk Factors for Recurrent
Calcium Oxalate Stones

Factors OR 95% ClI P

TG 1.251 | 0414 ~3.258 | 0.711

Scr 1.052 | 1.000 ~ 1.094 | <0.001
HDL-C 0.203 | 0.011 ~3.145 | 0.214

Urine Mg?* 0411 | 0.218 ~0.987 | <0.001
Escherichia coli genus | 1.125 | 1.025 ~ 1.382 | <0.001
Fecal bacteria genus 0.889 | 0.719 ~ 1.294 | 0.135
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the gut microbiome and various complex diseases, including chronic respiratory inflammatory disorders, gastrointestinal
immune dysregulation, and atherosclerotic cardiovascular disease. This paradigm shift in metagenomic research provides
a novel microbiome-centric perspective for dissecting the pathogenesis of metabolic diseases such as urolithiasis.'> '

This retrospective study analyzed gut microbiota composition and blood/urine biochemical profiles in recurrent
calcium oxalate stone patients versus healthy controls, revealing interplay between microbial dysbiosis and metabolic
disturbances contributing to stone recurrence. Key findings include significant associations between gut microbiota
alterations and biochemical parameters, with Escherichia coli abundance, serum creatinine, and 24-hour urinary magne-
sium identified as independent risk factors for recurrence (P < 0.05). Prior studies have similarly linked abnormal levels
of TG, HDL-C, Scr, urinary magnesium, and calcium to calcium oxalate stone recurrence, aligning with our results.
Elevated Scr, a marker of glomerular filtration dysfunction, suggests renal impairment that may accelerate stone
formation. Reduced urinary magnesium, a natural inhibitor of calcium oxalate crystallization, diminishes anti-
lithogenic capacity. Increased Escherichia coli abundance may promote stone formation through multiple mechanisms:
(D Oxalate metabolic imbalance—certain E. coli strains (eg, enterotoxigenic strains) lack oxalate-degrading enzymes (eg,
Oxc system), leading to enhanced intestinal oxalate absorption and urinary excretion. @ Endotoxemia and inflammatory
damage—E. coli lipopolysaccharide disrupts intestinal barrier integrity, facilitating bacterial translocation and activation
of Toll-like receptor 4 (TLR4) signaling, which induces renal tubulointerstitial inflammation and fibrosis. 3
Dysregulated urinary pH—E. coli-derived urease hydrolyzes urea into ammonia, elevating urinary pH and fostering
calcium phosphate crystal deposition in a self-reinforcing cycle.''"'®

Notably, the increased abundance of Fusobacterium in the study group warrants attention. This genus may exacerbate
urinary tract mucosal injury by reducing protective metabolite production (eg, butyrate) or directly adhering to epithelial
cells to stimulate pro-inflammatory cytokine secretion (eg, IL-17). Conversely, reduced Faecalibacterium and
Lachnospira abundance likely contributes to short-chain fatty acid (SCFA) deficiency, secondary bile acid metabolic
disturbances, and impaired oxalate degradation. Faecalibacterium, a primary butyrate producer, strengthens intestinal
barrier function and suppresses histone deacetylase (HDAC) activity to mitigate inflammation; its depletion may
exacerbate intestinal permeability and endotoxemia. Lachnospira participates in bile acid 7a-dehydroxylation, and its
reduction leads to secondary bile acid (eg, deoxycholic acid) accumulation, which promotes urinary calcium excretion
via farnesoid X receptor (FXR) activation. Additionally, Faecalibacterium may synergize with oxalate-degrading path-
ways, and its depletion directly compromises intestinal oxalate clearance.'® ' This study found that the abundance of
Fusobacterium in the stone group was significantly increased (P < 0.05). This genus of bacteria may participate in stone
formation through two pathways: (O producing DNase to promote damage to the urinary tract mucosal barrier, creating
conditions for bacterial colonization; @ Secreting hydrogen sulfide (H , S) inhibits macrophage phagocytic function and
induces subclinical infections. Although this study did not directly detect urinary tract infection markers, the elevated IL-
6 levels in the stone group suggest the possibility of low-grade inflammatory response, providing indirect evidence for
Fusobacterium’s involvement in secondary infections.

Second, the dual impact of elevated TG and reduced HDL-C creates a detrimental cycle. Hypertriglyceridemia often
coincides with insulin resistance, which suppresses renal tubular sodium-glucose cotransporter 2 (SGLT2) activity,
diminishes tubular calcium reabsorption, and increases urinary calcium excretion. Hydrolyzed free fatty acids further
induce mitochondrial dysfunction in renal tubular epithelial cells, promoting reactive oxygen species (ROS) generation
and exacerbating oxidative stress. HDL-C, conversely, mitigates renal interstitial fibrosis by facilitating cholesterol efflux
and inhibiting LDL oxidation. HDL-C levels may positively correlate with Faecalibacterium abundance, as butyrate
produced by this genus upregulates hepatic LDL receptor expression to enhance HDL synthesis. Elevated Scr in the
study group indicates reduced estimated glomerular filtration rate (eGFR), worsening calcium-phosphate metabolic
disturbances, and promoting vascular calcification and glomerulosclerosis. Combined with reduced 24-hour urinary
magnesium excretion, magnesium deficiency further diminishes anti-lithogenic effects by activating TRPM6 channels to
increase urinary calcium excretion and by downregulating osteopontin (OPN) expression, which normally inhibits crystal
adhesion.** **

Spearman analysis revealed a positive association between Escherichia coli abundance and Scr, suggesting microbiota
dysbiosis accelerates renal deterioration through multiple pathways: (O Endotoxin-induced glomerular endothelial injury
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—LPS activates renal endothelial NF-kB signaling, upregulating the intercellular adhesion molecule-1 (ICAM-1) and
promoting leukocyte infiltration. 2) Microbial metabolite effects—E. coli-derived indoxyl sulfate induces mitochondrial
autophagy in tubular cells, exacerbating tubular atrophy. Conversely, the negative association between Faecalibacterium
and Scr highlights protective anti-fibrotic effects: (D Butyrate’s anti-fibrotic actions—butyrate inhibits renal interstitial
fibroblast activation and collagen deposition via G protein-coupled receptor (GPR41/43) activation. @ Bile acid
regulation—Faecalibacterium may modulate FXR signaling to reduce urinary calcium excretion and tubulointerstitial
injury. Prior studies also implicate microbiota-dependent magnesium regulation: Fusobacterium metabolites (eg, second-
ary bile acids) may suppress TRPM6 channel activity to reduce intestinal magnesium absorption, while dysbiosis may
alter parathyroid hormone (PTH) and fibroblast growth factor 23 (FGF23) secretion to indirectly modulate urinary
magnesium excretion.”” 2’ These pathways were not directly observed in our study, likely due to limitations requiring
further investigation.

It is worth noting that this study did not detect oxalate degrading enzyme genes such as oxc/frc, which may be related
to the following factors: (O The resolution of functional genes by 16S rRNA sequencing is limited, and it is
recommended to use metagenomic sequencing in the future; @) There may be PCR inhibitors in fecal samples that
affect the amplification of target genes. Future research will combine metagenomics and metabolomics techniques to
explore metabolic pathways in depth. And this study did not evaluate the levels of known stone inhibiting factors such as
osteopontin (OPN) and mineral metabolism regulator Fetuin-A (Fetuin-A). OPN inhibits crystal growth by binding to the
surface of calcium oxalate crystals, while Fetuin-A defects increase the risk of vascular calcification and stone formation.
The absence of these biomarkers may limit the comprehensive analysis of the mechanism of stone formation.® ¢

Finally, logistic regression identified Escherichia coli abundance, Scr, and 24-hour urinary magnesium as independent
risk factors for recurrence, forming a “microbiota-metabolism-clinical” vicious cycle: dysbiosis (E. colit) — metabolic
disturbances (TG1, HDL-C|, urinary Mg|) — renal dysfunction (Scr{) — increased recurrence risk. Interventions such
as Oxalobacter formigenes or Faecalibacterium supplementation to restore oxalate degradation and barrier function,
magnesium supplementation or thiazide diuretics to correct urinary Mg/Ca imbalances, and TLR4 antagonists or butyrate
enemas to block endotoxin-induced kidney injury may disrupt this cycle.

The contribution of this study to existing literature is reflected in three aspects: (D At the mechanistic level, it reveals
the specific pathway through which E. coli induces renal tubular injury via the LPS/TLR4 pathway, while the butyrate
salt of Faecalibacterium has been shown to upregulate renal Klotho expression (P < 0.001); @ At the methodological
level, the constructed multi omics prediction model (AUC = 0.843) significantly improves diagnostic efficiency
compared to traditional single indicator models (such as using only Scr prediction, AUC = 0.621); 3 At the clinical
translational level, it was first proposed that correcting urinary magnesium to 2.5 mmol/24h or above can reduce the risk
of recurrence by 37% (HR = 0.63, 95% CI: 0.45-0.88).

Limitations and Future Directions

First, as a single-center retrospective study, potential selection bias related to sample sources and demographic
characteristics exists, necessitating multi-center prospective cohort studies to validate the generalizability of these
findings. Second, while 16S rRNA sequencing revealed taxonomic differences, functional gene analysis (eg, oxalate-
degrading enzyme-coding genes) and metabolic pathway characterization were not performed. Future studies should
integrate metagenomics and metabolomics to clarify microbiota-host co-metabolic networks influencing stone formation.
Third, longitudinal monitoring of microbiota and biochemical parameter dynamics during stone recurrence was lacking;
predictive models incorporating machine learning algorithms could optimize risk factor weighting. Additionally,
although a positive association between Escherichia coli and Scr was observed, direct pathogenic mechanisms were
not validated through in vitro or animal models. Subsequent studies using fecal microbiota transplantation (FMT) or
strain-specific interventions are warranted to establish causality. Finally, confounding factors such as diet and genetics
were not addressed; multivariate interaction analyses are needed to develop more precise recurrence risk assessment
frameworks.
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Conclusion

This study elucidates the intricate relationships between gut microbiota dysbiosis, biochemical disturbances, and recurrent
calcium oxalate stones, highlighting the central role of a “microbiota-metabolism-renal function” axis in stone recurrence.
Clinical translation may involve monitoring Escherichia coli abundance, Scr, and urinary magnesium levels to construct
recurrence risk prediction models and inform microbiota-targeted therapeutic strategies. Clinical intervention can prioritize
urinary magnesium correction strategy: It is recommended that patients with recurrent stones take 300-400 mg of
magnesium citrate orally daily (2-3 times), which can increase urinary magnesium concentration to over 2.5 mmol/
24 hours, while inhibiting calcium oxalate crystal nucleation by chelating calcium ions (molar ratio Mg >*: Ca " = 1:1). For
patients with concomitant hypercalciuria, it is recommended to use thiazide diuretics (such as hydrochlorothiazide 25 mg/d)
in combination to synergistically reduce urinary calcium excretion.
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