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BRI is an independent predictor
of new-onset kidney stones in a
non-diabetic population: a
retrospective analysis
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Haiting Wu?, Yunyun Fei?, Yan Qin*, Gang Chen™
and Xuemei Li*

tDepartment of Nephrology, Peking Union Medical College Hospital, Beijing, China, 2Department of
Health Medicine, Peking Union Medical College Hospital, Beijing, China

Background: Kidney stones are a prevalent global health concern with significant
morbidity and costs. The body roundness index (BRI), reflecting central fat
distribution, might offer improved risk assessment than traditional predictors
like body mass index (BMI). This study aimed to determine whether BRI is an
independent predictor of new-onset kidney stones in a Chinese cohort and to
compare its predictive utility with that of BMI.

Methods: A retrospective cohort analysis was conducted using data from
510,778 physical examinations at Peking Union Medical College Hospital from
1994 to 2024. After exclusions, 26,594 individuals with follow-up exceeding five
years were included. Demographic, anthropometric, and laboratory data were
collected. Cox proportional hazard models were used to assess the associations
between BMI/BRI and kidney stone risk, adjusting for confounders. Stratified
analyses were performed by diabetes status.

Results: Among 26,594 participants (mean age 41.2 + 12.6 years, 50.2% male),
462 developed new-onset kidney stones during follow-up. Individuals with new-
onset kidney stones had significantly higher BRI (3.52 vs 3.15, p<0.01), BMI (24.64
vs 23.74 kg/mz, p<0.01), and prevalence of metabolic abnormalities (e.g.,
hypertension, dyslipidemia, hyperuricemia, impaired glucose metabolism; all
p<0.01). In unadjusted analysis, both BMI (HR 1.07, 95% CI 1.04-1.09) and BRI
(HR 1.29, 95% CI 1.21-1.37) predicted kidney stones. After full adjustment for
metabolic confounders, only BRI remained significantly associated with stone
risk (adjusted HR 1.13, 95% Cl 1.02-1.26), while BMI did not (p=0.86). Stratified
analysis revealed that BRI's predictive value was substantial only in non-diabetic
individuals (adjusted HR: 1.17, 95% Cl: 1.06-1.30), with no association observed in
participants with diabetes (p > 0.05).

Conclusion: BRI, but not BMI, is an independent predictor of new-onset kidney
stones in non-diabetic individuals. These findings highlight the importance of
visceral adiposity in kidney stone pathogenesis and suggest BRI's potential utility
in risk stratification and preventive strategies.
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Introduction

Kidney stones are a prevalent urological disorder affecting
approximately 15% of the global population, with increasing
incidence rates attributed to dietary and lifestyle changes (1). The
disease poses a significant burden, including recurrent episodes,
chronic kidney disease, and substantial healthcare costs (2-4). The
occurrence of kidney stone events is associated with a substantially
higher risk of end-stage renal disease (5, 6). Early identification of
high-risk individuals is critical for implementing preventive
strategies; however, current predictive tools remain limited in
accuracy and generalizability (7-10). Given the multifactorial
etiology of kidney stones, integrating novel biomarkers might
help enhance predictive capabilities and aid in patients’
counseling and decision-making.

Traditional predictors of kidney stones include anthropometric
measures, such as body mass index (BMI), which have shown
inconsistent associations with kidney stone risk across studies (10-
15). While BMI reflects general adiposity, it fails to account for
visceral fat distribution, a key driver of metabolic dysfunction
linked to stone formation (1, 16). Previous studies have indicated
that patients with kidney stones have a significantly higher mean
visceral fat area (17, 18). In the meantime, the body roundness
index (BRI), a geometric index that incorporates waist
circumference and height, has demonstrated superior
performance in predicting metabolic syndrome and
cardiovascular outcomes (19, 20). However, its role in kidney
stone prediction remains underexplored, particularly in non-
diabetic populations where metabolic dysregulation may
independently contribute to kidney stone formation.

This study aims to identify independent predictors of new-onset
kidney stones in a large, retrospective cohort. In addition, we aim to

10.3389/fendo.2025.1686183

investigate whether BRI, as a non-invasive and straightforward
measure, can serve as a predictive marker for kidney stone risk in
a large population and ultimately inform targeted preventive
interventions in at-risk individuals.

Methods
Study design and population

The study population was derived from a large dataset of
physical examinations in Peking Union Medical College Hospital
between 1994 and 2024, encompassing 510,778 visits. From this
initial pool, 118,268 visits were identified as single examinations,
while 392,510 visits (representing 99,881 individuals) involving
multiple follow-ups were included in the following analysis. To
ensure the robustness of the analysis, the study focused on
individuals with follow-up periods exceeding five years, resulting
in a subset of 33,999 participants. Exclusion criteria were applied to
refine the cohort: individuals who underwent nephrectomy (n = 63),
those without baseline or follow-up urinary ultrasound or CT scans
(n =7,377), and those with missing data (n = 3,540) were excluded.
After applying the criteria, the final study cohort comprised 26,594
individuals. The median follow-up time was 71 months (IQR: 61-82
months) (Figure 1).

Study variables and outcome

The study collected a comprehensive set of variables, including
demographic and anthropometric data (age, gender, height, weight,
waist circumference), blood pressure measurements, laboratory

Assessed for eligibility
(n=510,778)

Excluded (n = 184,150)
» Single examination (n =118,268)
» Follow-up less than 5 years (n = 65,882)

Visits with multiple follow-up over than 5 years
(n=33,999)

Excluded (n = 7,405)

» Nephrectomy (n =63)

» No urinary ultrasound or CT scan at
baseline or follow-up (n=7,377)

» Missing Data (n = 3,540)

Visits included in the present study
(n=26,594)

FIGURE 1
Study flow chart.
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results, and comorbidities. Key calculated variables included:

Weight(kg)

Bodv M Ind, BMI) =
ody Mass Index ( ) Height squared(m?)

( Waist circumference|cm) )2
21

Body Round Ind BRI) = 364.2-3655 X {/1 - —F—————
ody Roundness Index (BRI) \/ (0.5 x Height[om])?

1
Mean Blood Pressure (MBP) = DBP + 3 (SBP — DBP)

Tris i L L
Triglyceride Glucose Index (TyG Index) = ln( rlglycerldes[mg/dz] X Glucose[mg/d ]>

Urine pH was categorized as acidic (<5.5), neutral (5.5-7.0), or
alkaline (>7.0). Diabetes and hypertension were defined based on
medical history, laboratory criteria (fasting glucose 27.0 mmol/L or
HbAlc 26.5% for diabetes; SBP 2140 mmHg or DBP 290 mmHg
for hypertension), and/or current use of relevant medications.

The primary outcome was the development of new-onset
kidney stones, identified through urinary ultrasound or computed
tomography (CT) scans during follow-ups. All imaging studies were
reviewed by board-certified radiologists who were blinded to the
exposure variables. The new-onset kidney stone was defined as
stones detected during follow-up examinations that were absent on
baseline imaging, regardless of symptomatic presentation. Data was
collected from medical records and physical examinations using
standardized protocols to ensure accuracy and reliability.

Statistical analysis

Statistical analysis was performed using R (Version 4.2.0).
Descriptive statistics were used to summarize the baseline
characteristics of the study population. Continuous variables were
presented as mean * standard deviation, and categorical variables
were presented as frequencies and percentages. Standardized
differences and p-values were calculated to compare the baseline
characteristics between individuals with and without new-onset
kidney stones. Univariate analysis was performed to assess the
association between each variable and the risk of new-onset
kidney stones. Collinearity analysis was conducted to identify and
exclude variables with high multicollinearity. Potential confounders
were defined as variables with a p-value <0.05 in the univariate
analysis and variance inflation factors (VIF) less than 5 in the
collinearity analysis. To ensure the clinical relevance of the selected
variables, we conducted a comprehensive evaluation through
collaborative discussions involving experienced clinicians and
statistical experts. Cox proportional hazard models were used to
assess the associations between BMI/BRI and the risk of new-onset
kidney stones. The analysis was performed in three steps: a non-
adjusted model, Adjust I (adjusted for gender and age), and Adjust
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II (further adjusted for the potential confounders). Stratified
analysis was performed to examine the association between BRI
and new-onset kidney stones in subgroups. We then performed
weighted generalized additive models and smoothing curve fitting
to assess the role of BRI in the relationship with the new-onset
kidney stone risk under diabetic or non-diabetic conditions.

Results

Baseline characteristics of the study
population

We presented the baseline characteristics of the study population
in Table 1. The study included 25,783 individuals without kidney
stones and 462 with new-onset kidney stones. Participants with new-
onset kidney stones were significantly older (47.12 + 10.18 years vs.
40.74 + 12.49 years, p<0.01). Their anthropometric measures
concerning metabolic status were higher than those without kidney
stones, including weight (70.78 + 12.97 kg vs. 66.95 + 13.17 kg,
p<0.01), waist circumference (85.44 + 10.49 cm vs. 81.10 + 10.97 cm,
p<0.01), BMI (24.64 + 3.46 vs. 23.74 + 3.51, p<0.01), and BRI (3.52 +
1.07 vs. 3.15 + 1.07, p<0.01). Additionally, individuals with new-onset
kidney stones exhibited higher mean blood pressure (89.14 +
12.32 mmHg vs. 87.50 = 11.22 mmHg, p<0.01), higher SBP (118.79
+ 1640 mmHg vs. 117.01 £ 15.77 mmHg, p=0.017), and DBP (74.32
+ 11.28 mmHg vs. 72.74 + 10.04 mmHg, p<0.01).

Laboratory findings revealed that participants with new-onset
kidney stones had higher levels of glucose (5.53 + 1.37 mmol/L vs.
5.35 + 0.95 mmol/L, p<0.01), hemoglobin A1C (5.62 + 0.81% vs.
5.47 +0.62%, p<0.01), uric acid (341.80 + 98.50 umol/L vs. 321.91 +
86.39 pmol/L, p<0.01), triglycerides (1.64 + 1.35 mmol/L vs. 1.33 +
1.11 mmol/L, p<0.01), and low-density lipoprotein (3.07 + 0.78
mmol/L vs. 2.95 £ 0.78 mmol/L, p<0.01), but lower levels of high-
density lipoprotein (1.31 + 0.35 mmol/L vs. 1.42 + 0.38 mmol/L,
p<0.01). Furthermore, individuals with new-onset kidney stones
had a higher prevalence of diabetes (10.39% vs. 4.46%, p<0.01) and
hypertension (25.11% vs. 15.87%, p<0.01) compared to those
without kidney stones.

Risk factors for new-onset kidney stones

We performed univariate analysis to assess the association
between various factors and the risk of new-onset kidney stones
and summarized the results in Supplementary Table 1. Multiple
demographic, anthropometric, clinical, and laboratory factors were
significantly associated with the risk of new-onset kidney stones.
Among the demographic and anthropometric characteristics,
gender, age, height, weight, waist circumference, BMI, and BRI
were positively associated with kidney stone risk (all p<0.01).
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TABLE 1 Baseline characteristics of participants according to incidence
of new-onset kidney stone.

Standardized
diff.

Characteristics

N 25783 462
40.74 + 47.12 +
A, . .47, 0. .01
ge 12.49 1018 0.56 (0.47, 0.65) <0.0
167.45 + 169.08 +
Height 0.20 (0.10, 0.29) <0.01
8.53 8.20
) 66.95 + 70.78 +
Weight 0.29 (0.20, 0.39) <0.01
13.17 12.97
L 81.10 + 85.44 +
Waist circumference 0.41 (0.31, 0.50) <0.01
10.97 10.49
23.74 + 24.64 +
BMI .26 (0.17, 0. <0.01
3.51 3.46 026 ( 035) 0
3.15 + 352+
BRI 0.35 (0.25, 0.45) <0.01
1.07 1.07
87.50 + 89.14 +
MBP 0.14 (0.05, 0.23) <0.01
11.22 12.32
117.01 + 118.79
SBP 0.11 (0.02, 0.20 0.017
15.77 16.40 ( )
72.74 + 7432 +
DBP .1 .06, 0.24 .1
10.04 11.28 0.15 (0.06, 0.24) <0
535+ 5.53 =
Glucose 0.16 (0.06, 0.25) <0.01
0.95 1.37
547 + 562 +
HbA1C 0.21 (0.09, 0.32) <0.01
0.62 0.81
61.57 + 63.00 +
Alkaline phosphatase 0.08 (-0.01, 0.18) 0.103
18.12 16.70
2.39 237 =
Ici .21 (0.12, 0.31 <0.01
Calcium 0.09 0,09 0.21 (0.12, 0.31) 0.
1.16 + 112 +
Phosphate 0.26 (0.16, 0.35) <0.01
0.15 0.14
24.66 + 2427 +
Total carbon dioxide 0.17 (0.03, 0.31) 0.014
2.27 2.29
32191 + | 341.80 =
Uri id 0.21 (0.12, 0.31 0.01
ricad 8639 9850 ¢ ) <
4.76 4.86 =
T hol 1 .11 (0.02, 0.2 .01
otal cholesterol 0.89 0.88 0.11 (0.02, 0.20) 0.019
1.33 + 1.64 +
Triglyceride 0.26 (0.16, 0.35) <0.01
1.11 1.35
142 + 1.31 +
HDL 0.29 (0.20, 0.38) <0.01
0.38 0.35
295+ 3.07 =
LDL 0.15 (0.06, 0.24) <0.01
0.78 0.78
3.59 395+
TC/HDL rati 0.29 (0.20, 0. <0.01
C/ ratio L1s 127 9 ( 38)
8.45 + 8.65 =
TyG index 0.31 (0.21, 0.40) <0.01
0.61 0.69
(Continued)
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TABLE 1 Continued

Standardized

Characteristics

diff.
7341 + 76.03 +
Creatinine 0.17 (0.07, 0.26) <0.01
16.02 15.69
4.55 = 4.75 +
Urea 0.17 (0.08, 0.27) <0.01
1.16 1.16
101.56 £ = 96.98 +
eGFR 0.31 (0.22, 0.41) <0.01
14.93 14.27
C-reactive protein L9 108 = 0.05 (-0.06, 0.16) 0.442
P 2.63 135 00 LRI B '
Gender 0.33 (0.24, 0.42) <0.01
Female 12854 156
(49.85%) | (33.77%)
1292
Male 929 306
(50.15%) | (66.23%)
Urine pH 0.14 (0.05, 0.24) <0.01
137
Acidic 613 %8
(24.45%) | (21.63%)
17272 307
Neutral
(68.82%) = (67.77%)
1689 48
Alkali
atne (673%)  (10.60%)
Diabetes 0.23 (0.14, 0.32) <0.01
24634 414
No
(95.54%) = (89.61%)
1149 48
Yes
(4.46%) | (10.39%)
Hypertension 0.23 (0.14, 0.32) <0.01
21358 343
No
(84.13%) = (74.89%)
4030 115
Yes
(15.87%) = (25.11%)

BMI, Body mass index; BRI, Body roundness index; MBP, Mean blood pressure; SBP, Systolic
blood pressure; DBP, Diastolic blood pressure; HbA1c, Hemoglobin Alc; HDL, High-density
lipoprotein; LDL, Low-density lipoprotein; TC, Total cholesterol; TyG, Triglyceride glucose;
eGFR, Estimated glomerular filtration rate.

Specifically, BRI is strongly associated with an increased risk of
kidney stones (HR 1.29, 95% CI 1.21-1.37, p < 0.01).

BRI is the independent predictor of new-
onset kidney stone

BMI and BRI were selected for further analysis. Variables with
high variance inflation factors (VIF > 5), including TC/HDL ratio
and TyG index, were excluded from the multivariate Cox
proportional hazards models (Table 2). In the non-adjusted
model, both BMI (hazard ratio (HR) 1.07, 95% confidence
interval (CI) 1.04-1.09, p<0.01) and BRI (HR 1.29, 95% CI 1.21-
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TABLE 2 Association between BMI/BRI and the risks of new-onset
kidney stone.

Exposure N Models Per SD increase = P-value

BMI 25744  Non-adjusted 1.07 (1.04, 1.09) <0.01
25744 | Adjust I* 1.01 (0.98, 1.04) 0.489
23290 Adjust I 1.00 (0.96, 1.03) 0.860

BRI 18507 ~ Non-adjusted 129 (1.21, 1.37) <0.01
18507 = Adjust I* 1.15 (1.05, 1.26) <0.01
16625  Adjust II** 1.13 (1.02, 1.26) 0.019

BMI, Body mass index; BRI, Body roundness index.

*Adjust I model adjust for: gender, age; **The fully adjusted model (Adjust II) included the
following covariates: age, gender, mean blood pressure, alkaline phosphatase, calcium,
phosphate, uric acid, triglycerides, high-density lipoprotein, low-density lipoprotein, eGFR,
urine pH, hypertension, and diabetes status.

1.37, p<0.01) showed significant positive associations with kidney
stone risk. However, after adjusting for gender and age (Adjust I),
the association for BMI became non-significant (HR 1.01, 95% CI
0.98-1.04, p=0.489), while BRI remained significant (HR 1.15, 95%
CI 1.05-1.26, p<0.01). Only BRI showed a significant association
(HR 1.13, 95% CI 1.02-1.26, p=0.019) when further adjusted for
additional covariates (Adjust II).

Stratified analysis

We conducted a stratified analysis to evaluate the association
between BRI and the risk of new-onset kidney stones across various
subgroups (Supplementary Table 2). BRI remained a significant
predictor across various subgroups including both genders.
Distinguishingly, diabetes status significantly modified the
association between BRI and the risk of new-onset kidney stones.
In non-diabetic individuals, BRI showed a strong positive
association with kidney stone risk in the non-adjusted model (HR
1.28, 95% CI 1.20-1.37, p < 0.01). This association remained

TABLE 3 Association between BRI and the risks of New-onset kidney
stone in diabetic and non-diabetic populations.

Exposure Models _Per o
INnCrease

Non-diabetic Non-adjusted 1.28 (1.20, 1.37) <0.01
Adjust I* 1.16 (1.05, 1.28) <0.01
Adjust IT** 1.17 (1.06, 1.30) <0.01

Diabetic Non-adjusted 1.04 (0.80, 1.33) 0.789
Adjust I* 0.97 (0.75, 1.27) 0.840
Adjust IT** 0.82 (0.60, 1.12) 0.217

*Adjust T model adjust for: gender, age; **The fully adjusted model (Adjust II) included the
following covariates: age, gender, mean blood pressure, alkaline phosphatase, calcium,
phosphate, uric acid, triglycerides, high-density lipoprotein, low-density lipoprotein, eGFR,
urine pH, and hypertension status.
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significant after adjusting for gender and age (Adjust I: HR 1.16,
95% CI 1.05-1.28, p<0.01) and further adjusting for additional
covariates (Adjust II: HR 1.17, 95% CI 1.06-1.30, p<0.01). In
contrast, no significant association was observed in diabetic
individuals across all models (non-adjusted: HR 1.04, 95% CI
0.80-1.33, p=0.789; Adjust I: HR 0.97, 95% CI 0.75-1.27, p=0.84;
Adjust II: HR 0.82, 95% CI 0.60-1.12, p=0.217, Table 3). These
results suggest that diabetes may overshadow the predictive role of
BRI for kidney stone development. Further analysis in the non-
diabetic population revealed a gradual increase in kidney stone risk
with higher BRI values, with a particularly notable threshold effect
observed at BRI > 6. The association between BRI and
kidney stone risk remained relatively stable across the BRI range
of 4-6 (Figure 2).

Discussion

Kidney stone is a growing global health concern, with many
modifiable factors, including lifestyle, obesity, smoking, and type 2
diabetes, contributing to the development (9, 10). Early
identification of high-risk individuals is crucial for implementing
preventive strategies. We utilized data from a standardized health
examination database to examine the predictors of new-onset
kidney stones. Our findings demonstrated that BRI, but not BMI,
was significantly associated with kidney stone risk even after
adjusting for multiple confounders, highlighting its potential as
an anthropometric predictor in clinical practice.

Our study contributes to the growing body of evidence
suggesting that traditional measures, such as BMI, may not fully
capture the metabolic risks associated with kidney stones. Studies
using data from the National Health and Nutrition Examination

«-u-f Diabetes
° « No .
Yes
L]

c L]
2 2
g o
S .
o
©
c 0
S
3 4
>
g s V4
= o i
¥4

g4 ¢

IS

T T T T T T
0 2 4 6 8 10
Body roundness index

FIGURE 2

Association between BRI and the risks of New-onset kidney stones
in diabetic and non-diabetic populations.

frontiersin.org


https://doi.org/10.3389/fendo.2025.1686183
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Fan et al.

Survey (NHANES) similarly found that the weight-adjusted waist
index and BRI outperformed BMI in association with kidney stones
in cross-sectional studies (21-24), aligning with our observation in
the Chinese cohort that central adiposity indices, such as BRI, may
be more clinically relevant. Specifically, we stratified our analysis by
diabetes status, revealing that BRIs predictive value was significant,
especially in non-diabetic individuals. This discrepancy may stem
from the dominant metabolic disturbances in diabetic patients,
which could overshadow the contribution of adiposity measures.

Our findings underscore the importance of incorporating BRI
into kidney stone risk assessments, particularly in non-diabetic
populations. Visceral adiposity, as reflected by BRI, is associated
with insulin resistance, chronic inflammation, and adipokine
production. These metabolic disturbances lead to altered urinary
composition, including lower urinary pH, hypercalciuria,
hyperoxaluria, and reduced citrate excretion—all established risk
factors for calcium oxalate stone formation (25, 26). This
mechanistic framework supports why BRI may be a more sensitive
predictor of stone risk compared to BMI. Therefore, clinicians should
consider waist circumference-based indices in addition to traditional
risk factors when evaluating stone risk. Notably, while direct
measures of abdominal fat (e.g., ultrasound, CT/MRI) provide
precise quantification of visceral adiposity, BRI offers a clinically
feasible alternative that leverages routine health examination
parameters (waist circumference and height), thereby eliminating
the need for specialized imaging and additional costs. These results
also underscore the importance of targeting modifiable factors, such
as obesity and central adiposity, in kidney stone prevention strategies.

This study has several limitations. First, its retrospective nature
may introduce residual confounders despite rigorous adjustments.
Second, the study population was derived from a single medical
center; the generalizability of the findings needs further validation.
Third, due to relatively limited data availability, we could not adjust
for confounders including antidiabetic medications and dietary
factors in this study, which might potentially neutralize the risk of
kidney stones (27); dietary pattern could confound the relationship
between BRI and stone risk, as BRI may correlate with diets high in
sodium and animal protein, which are known risk factors for stone
formation. Future research should prospectively validate BRI’s
predictive utility in diverse populations and explore interactions
between adiposity indices, antidiabetic medications, dietary habits,
and metabolic profiles. Additionally, mechanistic studies
investigating how visceral fat contributes to the development of
kidney stones might provide deeper biological insights.

In conclusion, our study identifies BRI as an independent
predictor of new-onset kidney stones in non-diabetic individuals,
offering a more precise tool than BMI for risk stratification. These
findings underscore the significance of metabolic health in
preventing kidney stones and highlight the need for further
research to refine predictive models. By integrating BRI into
clinical practice and prioritizing modifiable risk factors,
healthcare providers may improve early detection and prevention
of this increasingly prevalent condition.
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