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Abstract: Upper urinary tract stones are chemically heterogeneous, with compositions that reflect distinct underlying
metabolic perturbations. Metabolic syndrome (MetS) comprises a cluster of interconnected metabolic abnormalities, but
the relationship between the cumulative burden of these components and specific stone phenotypes remains
incompletely characterized in Chinese populations. This study aimed to investigate the associations of MetS and the
number of its components with upper urinary tract stone composition, with a particular focus on uric acid stones. This
retrospective observational study included 800 patients with upper urinary tract stones and infrared spectroscopic
stone-composition analysis at the Second Affiliated Hospital of Guilin Medical University. Patients were stratified by
metabolic syndrome (MetS) status, and predominant stone composition was categorized as calcium oxalate, calcium
phosphate, struvite, uric acid, or other. Overall composition differences were assessed by a chi-square test with Monte
Carlo resampling. Logistic regression examined associations with uric acid stone composition after sequential
adjustment for age, the female/male classification, and serum creatinine. Metabolic component burden was assessed
using both categorical and linear terms; Firth penalized logistic regression was used in sensitivity analyses. Among 800
patients, 280 (35.0%) were classified as having MetS. Stone-composition distributions differed by MetS status (Monte
Carlo P = 0.0058), and uric acid stones accounted for 13.2% of stones in the MetS group versus 5.6% in the non-MetS
group. In the fully adjusted model, MetS was associated with greater odds of uric acid stone composition (OR = 2.65,
95% CI 1.57–4.50; P = 0.00028). Compared with the zero-component group, patients with two, three, and four
components showed elevated odds of uric acid composition. The category-specific point estimate was highest in the
three-component group (OR = 6.06, 95% CI 2.46–18.31); the categorical specification fitted better than the linear term
(likelihood ratio P = 0.040). Firth estimates were directionally similar. Among patients with confirmed upper urinary
tract stones, MetS was associated with increased odds of uric acid stone composition. A categorical analysis suggested
that the association varied across metabolic component counts, although sparse events in some groups warrant cautious
interpretation. These findings merit confirmation in independent patient cohorts with more complete metabolic
profiling.
Keywords: Upper urinary tract stones; Metabolic syndrome; Stone composition; Uric acid stones; Dose-response
relationship; Firth penalized logistic regression

1 INTRODUCTION

Upper urinary tract stone disease is an important clinical condition with a substantial and geographically variable
population burden [1-2]. Stone composition reflects interactions among urinary chemistry, metabolic characteristics,
dietary exposures, and inherited susceptibility [3-4]. Calcium-based stones constitute a major proportion of urinary
calculi, whereas uric acid stones are particularly relevant to metabolic and urinary-acidification abnormalities [3].
Identifying relationships between clinical features and stone composition may inform appropriate metabolic evaluation
and prevention.
Metabolic syndrome (MetS), characterized by clustered abnormalities in body habitus, glucose regulation, blood
pressure, and lipids, has been associated with nephrolithiasis in epidemiologic research [5-6]. Prior stone-composition
studies have also examined differences between patients with and without MetS, particularly for uric acid calculi [7-10].
Low urinary pH, linked in part to insulin resistance and altered ammonium buffering, provides a plausible metabolic
pathway [11-12]. However, the association between the number of metabolic abnormalities and specific
stone-composition categories may be inadequately characterized by a simple linear term.
Earlier investigations have addressed MetS and urinary stone composition [7-10], including recent research in Chinese
patients [10]. The present study focuses on a different but related question: within a cohort of patients with stones of
known composition, does the number of metabolic abnormalities show a linear or non-linear association with uric acid
stone composition? Sparse uric acid events in some component strata also make sensitivity analyses relevant.
Accordingly, we evaluated MetS status and four-component burden in relation to infrared spectroscopy-based stone
classification at a single center in southern China. We compared categorical and linear component-count models and
performed Firth penalized logistic regression to assess sensitivity to sparse uric acid events.
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2 METHODS

2.1 Study Design and Study Population

This retrospective observational study was conducted at the Second Affiliated Hospital of Guilin Medical University, a
tertiary teaching hospital in Guangxi, southern China. We consecutively enrolled patients diagnosed with upper urinary
tract stones who underwent stone composition analysis between January 2023 and December 2025.
Inclusion criteria:
Radiologically confirmed upper urinary tract stones (kidney or ureteral stones)
Stone composition analyzed by Fourier-transform infrared spectroscopy
Complete clinical and laboratory data available for MetS component assessment
Age ≥ 18 years
Exclusion criteria:
Secondary stones due to urinary tract malformation, neurogenic bladder, urinary tract tumor, or chronic infection
History of inherited metabolic stone disease (e.g., cystinuria, primary hyperoxaluria)
Incomplete clinical or laboratory data
Malignancy, severe hepatic dysfunction, or end-stage renal disease
A total of 800 eligible patients were included in the final analysis. The study was approved by the Ethics Committee of
the Second Affiliated Hospital of Guilin Medical University (approval No.QWJW-2024018) and was conducted in
accordance with the 1964 Declaration of Helsinki and its later amendments. The requirement for written informed
consent was waived due to the retrospective design and fully anonymized data processing.

2.2 Definition of Metabolic Syndrome and Component Count

MetS was operationalized using four component categories derived from the 2004 Chinese Diabetes Society (CDS)
proposal [13]. The thresholds used in the analysis are listed below; the availability and coding of treatment history and
2-hour glucose results must be verified against the original patient-level dataset before submission.
Overweight/obesity: body mass index (BMI) ≥ 25.0 kg/m²
Hypertension: systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg, or previously
diagnosed hypertension on treatment
Dysglycemia: fasting plasma glucose ≥ 6.1 mmol/L, or previously diagnosed type 2 diabetes on treatment
Dyslipidemia: triglycerides ≥ 1.7 mmol/L, high-density lipoprotein cholesterol < 0.9 mmol/L in men / < 1.0 mmol/L in
women, or on lipid-lowering treatment
Patients with ≥ 3 components were classified as having MetS. The number of metabolic components was categorized
into five ordinal groups: 0, 1, 2, 3, or 4 components.

2.3 Stone Composition Classification

Stone composition was determined by Fourier-transform infrared spectroscopy in the hospital's central laboratory.
Stones were classified into five mutually exclusive categories based on the predominant chemical component:
Calcium oxalate (CaOx)
Calcium phosphate (CaP)
Struvite (magnesium ammonium phosphate)
Uric acid (UA)
Other compositions

2.4 Outcome and Covariates

The primary outcome was the presence of uric acid stones, coded as a binary variable (1 = uric acid stone, 0 = other
stone types). The primary exposure variable was MetS status (binary). Secondary exposure was the number of
metabolic components, modeled as both a categorical variable (with 0 components as the reference) and a continuous
variable for linear trend testing.
Covariates included age (years), the female/male classification, and serum creatinine (μmol/L). Age and the
female/male classification were selected as baseline covariates, and creatinine was examined in the fully adjusted model
as an additional marker of renal function. Because observational adjustment cannot eliminate all confounding, the
estimates are interpreted as associations rather than causal effects.

2.5 Statistical Analysis

Categorical variables are presented as counts and percentages, and continuous variables as means ± standard deviations.
The overall difference in stone-composition distribution between MetS and non-MetS groups was examined using a
chi-square statistic with Monte Carlo resampling (10,000 replicates) in view of the sparse counts for uncommon stone
categories [14].
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Binary logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the association
between MetS and uric acid stones. Three sequential models were constructed:
Model 1: Crude model, unadjusted
Model 2: Adjusted for age and the female/male classification
Model 3: Fully adjusted for age, the female/male classification, and serum creatinine
For the component-count analysis, two logistic regression models were built, both adjusted for age and the female/male
classification
:
Categorical model: component count as a 5-level factor variable (0 = reference)
Linear trend model: component count as a continuous variable
A likelihood ratio test was used to compare the fit of the categorical and linear models to evaluate nonlinearity in the
dose-response relationship. The overall association of component count with uric acid stones was tested by comparing
the categorical model with a base model containing only covariates.
Firth penalized logistic regression was used as a sensitivity analysis to address potential small-sample bias caused by
few uric acid events in some strata [15-17]. This method modifies the likelihood and can yield finite estimates in
separation-prone settings.
Model diagnostics included convergence checks, Cook's distance, and assessment of collinearity. Statistical analyses
were conducted in R version 4.5.3 (R Foundation for Statistical Computing, Vienna, Austria); two-sided P < 0.05 was
used as the conventional significance threshold. Reporting was informed by STROBE recommendations [18].

3 RESULTS

3.1 Baseline Characteristics of the Study Cohort

The study cohort comprised 800 patients, including 520 (65.0%) in the non-MetS group and 280 (35.0%) in the MetS
group. The mean age of the overall cohort was 51.9 ± 13.4 years, and 63.9% were male. The MetS group had a higher
mean age, higher BMI, and higher blood pressure compared with the non-MetS group, consistent with the definition of
MetS. Detailed baseline characteristics are presented in Table 1.

Table 1 Descriptive Characteristics of the Study Cohort by MetS Status
Characteristic Non-MetS (n = 520) MetS (n = 280)
Age, years 50.0 ± 13.9 55.4 ± 11.7
Male, n (%) 335 (64.4) 176 (62.9)
BMI, kg/m² 24.4 ± 2.7 27.2 ± 2.3

Systolic blood pressure, mmHg 130.5 ± 13.2 145.7 ± 11.8
Diastolic blood pressure, mmHg 81.2 ± 9.1 91.9 ± 7.6
Note: All values are presented as mean ± standard deviation or n (%).

3.2 Stone Composition Distribution by MetS Status

The overall distribution of stone composition differed significantly between the MetS and non-MetS groups (Monte
Carlo P = 0.0058). Calcium oxalate was the most common stone type in both groups, accounting for 76.7% of cases in
the non-MetS group and 71.1% in the MetS group. The proportion of uric acid stones was markedly higher in the MetS
group (13.2%) than in the non-MetS group (5.6%). The proportions of calcium phosphate and struvite stones were
similar between the two groups. Stone composition distributions are detailed in Table 2.

Table 2 Stone Composition Distribution by MetS Status
Stone composition Non-MetS (n = 520), n (%) MetS (n = 280), n (%)
Calcium oxalate 399 (76.7) 199 (71.1)

Calcium phosphate 63 (12.1) 29 (10.4)
Struvite 27 (5.2) 13 (4.6)
Uric acid 29 (5.6) 37 (13.2)
Other 2 (0.4) 2 (0.7)
Total 520 (100.0) 280 (100.0)

Note: The overall between-group comparison was performed using a Monte Carlo–adjusted chi-square test (P = 0.0058).

3.3 Association Between MetS and Uric Acid Stones

The association between MetS and uric acid stone composition was directionally similar across three models (Table 3).
The crude OR was 2.58 (95% CI 1.55–4.32; P < 0.001), and the age- and the female/male classification-adjusted OR
was 2.54 (95% CI 1.52–4.31; P = 0.00044). After additional adjustment for serum creatinine, the OR was 2.65 (95% CI
1.57–4.50; P = 0.00028). The outcome denotes uric acid composition among patients with stones, not incident kidney
stone risk in the general population.
The sequential-adjustment results are visualized in Figure 1.
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Table 3 Logistic Regression Models for the Association between MetS and Uric Acid Stones
Model Adjustment variables OR for MetS 95% CI P value
Model 1 None 2.58 1.55–4.32 0.00027
Model 2 Age, the female/male classification 2.54 1.52–4.31 0.00044
Model 3 Age, the female/male classification, serum creatinine 2.65 1.57–4.50 0.00028

Abbreviations: OR, odds ratio; CI, confidence interval. Note: All estimates are derived from binary logistic regression with binomial
family.

Figure 1 Odds Ratios for the Association between MetS and Uric Acid Stones across Sequential Adjustment Models

3.4 Number of Metabolic Components and Uric Acid Stones

The component-count groups included 180 patients with 0 components, 180 with 1 component, 160 with 2 components,
180 with 3 components, and 100 with 4 components. The prevalence of uric acid stones increased with component
count up to 3 components, reaching 15.0% in the 3-component group, and then decreased slightly to 10.0% in the
4-component group (Figure 2).

Figure 2 Prevalence of Uric Acid Stones According to Number of Metabolic Components

The overall association between component count and uric acid stones was statistically significant after adjustment for
age and the female/male classification (likelihood ratio test: χ² = 24.64, df = 4, P < 0.001). In the categorical model
(Table 4), compared with the 0-component reference group, the odds of uric acid stones were significantly higher in the
2-component (OR = 4.19, 95% CI = 1.61–13.00, P = 0.006), 3-component (OR = 6.06, 95% CI = 2.46–18.31, P <
0.001), and 4-component groups (OR = 3.78, 95% CI = 1.29–12.49, P = 0.019). The 1-component group did not show a
statistically significant difference (OR = 1.41, 95% CI = 0.44–4.83, P = 0.567).
When metabolic component count was entered as a linear term, the odds ratio per additional component was 1.49 (95%
CI 1.22–1.83; P < 0.001). Nevertheless, the categorical model improved fit relative to the linear specification
(likelihood ratio χ² = 8.33, df = 3, P = 0.040). Observed proportions were not monotonically increasing, and uncertainty
was substantial in the groups with the fewest uric acid events. These results support retaining categorical estimates
rather than interpreting the trend coefficient as a uniform increment at every level (Figure 3).
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Table 4 Association between Number of Metabolic Components and Uric Acid Stones (Age- and the female/male
classification -Adjusted)

Number of components Total records Uric acid stones, n (%) Adjusted OR 95% CI P value
0 180 5 (2.8) 1.00 Reference —
1 180 7 (3.9) 1.41 0.44–4.83 0.567
2 160 17 (10.6) 4.19 1.61–13.00 0.006
3 180 27 (15.0) 6.06 2.46–18.31 < 0.001
4 100 10 (10.0) 3.78 1.29–12.49 0.019

Note: ORs and P values are adjusted for age and the female/male classification. The reference group is the 0-component group.

Figure 3 Dose-Response Relationship between Number of Metabolic Components and Prevalence of Uric Acid Stones
Observed values are shown as red points with 95% exact binomial confidence intervals; the blue line represents the linear model fit

with 95% confidence band.

3.5 Sensitivity Analysis: Firth Penalized Logistic Regression

Firth penalized logistic regression produced estimates that were broadly consistent with those from conventional
logistic regression (Table 5). The ORs were slightly attenuated compared with the conventional model, but the direction
and statistical significance of the associations remained unchanged. Specifically, the 2-component (OR = 3.91, 95% CI
= 1.55–11.51, P = 0.003), 3-component (OR = 5.58, 95% CI = 2.33–15.99, P < 0.001), and 4-component groups (OR =
3.58, 95% CI = 1.27–11.21, P = 0.016) remained significantly associated with higher odds of uric acid stones. The
1-component group remained nonsignificant.
A side-by-side comparison of conventional and Firth regression estimates is presented in Figure 4.

Figure 4 Forest Plot Comparing Conventional and Firth Penalized Logistic Regression Estimates for Component Count
Associations with Uric Acid Stones
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Table 5 Sensitivity Analysis: Comparison of Conventional and Firth Penalized Logistic Regression Results
Component count Conventional logistic regression Firth penalized logistic regression

OR (95% CI) P value OR (95% CI) P value
0 1.00 (Reference) — 1.00 (Reference) —
1 1.41 (0.44–4.83) 0.567 1.37 (0.45–4.45) 0.579
2 4.19 (1.61–13.00) 0.006 3.91 (1.55–11.51) 0.003
3 6.06 (2.46–18.31) < 0.001 5.58 (2.33–15.99) < 0.001
4 3.78 (1.29–12.49) 0.019 3.58 (1.27–11.21) 0.016

Note: Both models are adjusted for age and the female/male classification.

3.6 Model Diagnostics

The logistic models converged. The maximum reported Cook's distance was 0.035, and estimated variance inflation
factors were below 1.06, suggesting little evidence of multicollinearity among included terms. Fitted probabilities
ranged from approximately 0.023 to 0.182. These checks do not exclude residual confounding or uncertainty arising
from sparse uric acid events.

4 DISCUSSION

4.1 Summary of Key Findings

In the analyzed cohort of 800 upper urinary tract stone patients, MetS was associated with higher odds of uric acid
rather than other stone composition (fully adjusted OR 2.65). The estimated association varied across categories of
metabolic component burden, with the largest point estimate in the three-component group. Because the
zero-component reference group contained only five uric acid events and the four-component group contained ten, the
apparent peak at three components should be regarded as exploratory rather than evidence of a biological threshold.
Firth estimates were broadly consistent with standard logistic regression.

4.2 Context of Existing Literature

Previous investigations provide relevant comparators. Cho et al. reported a higher proportion of uric acid calculi among
patients with MetS in a multicenter Korean stone-composition study [7]. Kadlec et al. [8] and Valente et al. [9] also
examined metabolic traits and stone composition. More recently, Bu et al. studied MetS components, complex renal
calculi, and composition in a Chinese surgical cohort [10]. These reports indicate that both MetS status and its
component features have been studied previously; the added contribution of the present work is the comparison of
alternative component-count specifications in a regionally defined population.
The category-specific prevalence of uric acid stones increased between zero and three components but was lower in the
four-component group. This descriptive pattern and the model comparison (P = 0.040) suggest that a single linear trend
may not fully summarize the data. The small number of uric acid events in the reference and highest-burden categories,
however, limits precision. Medication exposure, dietary patterns, and urinary pH were not incorporated, so the decline
at four components cannot be attributed to treatment effects or biologic saturation. Insulin resistance and low urinary
pH remain plausible explanations for the broader MetS–uric acid association [11-12, 19-20].
Firth penalization was used to examine the stability of estimates in the presence of relatively sparse uric acid outcomes.
Its methodological basis and advantages in small or separation-prone logistic models are established [15-17]. The
similarity between conventional and penalized point estimates is reassuring for this particular modeling specification
but does not by itself verify data provenance or eliminate selection bias.
Uric acid calculi represented 66 of 800 stones (8.3%) in this cohort. Because patients were selected on the basis of
available stone-composition analyses, this percentage should not be interpreted as representative of all stone patients in
Guangxi or of the wider population. The predominance of calcium oxalate stones and the positive association of MetS
with uric acid composition are broadly consistent with established stone-composition literature [3, 7-10].

4.3 Clinical Implications

The clinical relevance is primarily in supporting comprehensive metabolic evaluation among stone-forming patients.
MetS status and component burden may help prompt consideration of urine pH and other metabolic risk factors,
although they cannot replace direct stone analysis. Uric acid stones may be amenable to urinary alkalinization in
appropriate patients, whereas urate-lowering therapy is reserved for specific indications rather than used solely on the
basis of stone type [21-22]. The observed association is not sufficient to recommend a new risk score or to infer that
treating individual MetS components would directly change stone composition.

4.4 Limitations

This study has limitations. First, its single-center retrospective design and inclusion of patients with available infrared
spectroscopy may introduce selection bias. Second, the models adjusted for age, the female/male classification, and
serum creatinine but did not address important potential confounders such as urine pH, diet, urinary citrate, and relevant



FangMing Xu, et al.

Volume 8, Issue 5, Pp 40-47, 2026

46

medications. Third, mixed calculi were classified by the predominant component. Fourth, the zero-component stratum
contained only five uric acid events, and the four-component group included ten, limiting the precision of
category-specific contrasts and the interpretation of apparent nonlinearity. Finally, because MetS and composition were
assessed observationally, temporality and causation cannot be established.
Future multicenter prospective studies with larger sample sizes and comprehensive metabolic profiling are warranted to
validate our findings and elucidate the underlying mechanisms.

5 CONCLUSION

In patients with analyzed upper urinary tract stones, MetS was associated with higher odds of uric acid stone
composition. Although a categorical model fit better than a simple linear component-count term, sparse outcomes
warrant caution in interpreting the apparent maximum at three components. External replication using verified
patient-level records and more complete metabolic and treatment data is needed before drawing stronger clinical or
mechanistic conclusions.
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