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Abstract
Background  Metabolic syndrome, identified by increased visceral fat accumulation, is notably linked to a heightened 
risk of nephrolithiasis. Despite this, the influence of the perirenal fat thickness relative to renal parenchymal thickness 
on kidney stones (KS) development remains ambiguous. This study investigated the clinical characteristics of perirenal 
fat on both the left and right sides and explored the association between the aforementioned ratio and KS.

Methods  The study enrolled 161 participants who underwent computed tomography (CT) scans. In this study, 
kidneys were segregated into two categories based on the presence of stones: stone-bearing and non-stone-bearing 
for both the left and right kidneys. Perirenal fat parameters were extracted from the imaging workstation database. 
Both univariate and multivariate logistic regression analyses were conducted to explore the correlation between 
metrics related to perirenal fat and the occurrence of KS.

Results  Among the 161 participants, significant variations in perirenal fat were observed between the left and right 
kidneys, as well as between genders. Subsequent to adjustments for several confounding variables, the multivariable 
logistic regression model demonstrated a significant correlation between the ratio of perirenal fat thickness to renal 
parenchymal thickness and stone bearing kidney (P < 0.001).

Conclusions  The ratio of perirenal fat thickness to renal parenchymal thickness was significantly correlated with 
kidney stones.
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Introduction
Kidney stones (KS) are a prevalent urological issue, with 
global incidence rates noted between 7.2% and 7.7%, and 
an even higher rate of approximately 7.8% in China [1, 2]. 
There has been a notable rise in both the incidence and 
prevalence of KS across both sexes, posing a consider-
able health challenge worldwide [3]. Obesity is recog-
nized as a primary contributor to kidney stone formation 
[4, 5]. The primary metric for evaluating obesity is body 
mass index (BMI). However, the effectiveness of BMI in 
representing metabolic health has faced criticism for its 
inability to distinguish between types of body fat [6, 7]. 
Perirenal fat (PF), a specific kind of metabolically active 
visceral adipose tissue [8], has been linked to metabolic 
dysfunctions and disorders related to obesity [9–12]. In 
a clinical study involving 40 subjects undergoing percu-
taneous nephrolithotomy, it was observed that the aver-
age PF volume (PFV) was substantially greater in kidneys 
with stones than in those without [13]. However, it has 
been reported that the left PFV is greater than the right 
PFV in both males and females [14]. Therefore, analyzing 
the perirenal fat without distinguishing between the left 
and right sides will bring bias to the results. The objective 
of this research is to delineate the characteristics of PF 
on both the left and right sides and examine its associa-
tion with the development of renal calculi. Additionally, 
evidence is scarce on the association between the rela-
tive amount of PF and KS. Consequently, this study also 
examines the correlation between the ratio of perirenal 
fat thickness (PFT) to renal parenchymal thickness (RPT) 
(PFT/RPT) and KS.

Methods
Patients and data collection
This study included individuals who received urological 
CT scans at the First Affiliated Hospital of Anhui Medi-
cal University from December 2022 to May 2023. Partici-
pants were stratified into two groups based on CT results: 
those with KS and a control group devoid of stones. 
Inclusion criteria for the kidney stone group required a 
diagnosis of KS via urinary CT scans, an age of 18 years 
or older, and the absence of any metabolic diseases 
affecting fat metabolism. Exclusion criteria included any 
history of cancer, prior kidney stone surgeries, or laparo-
scopic kidney surgery. Additionally, 61 normal individu-
als without KS were included. These individuals were also 
18 years or older, lacked endocrine disorders affecting fat 
metabolism, and were not undergoing treatments influ-
encing fat distribution. The collected demographic and 
clinical data encompassed age, gender, BMI, and history 
of diabetes mellitus (DM) and hypertension, along with 
key laboratory findings including creatinine levels, leu-
kocyte count, and estimated glomerular filtration rate 

(eGFR). Stone data collected included diameter, Houn-
sfield units (HU), and stone chemical components.

Measurement of PF
All CT-scans were performed on Light Speed VCT 64 
(General Electric, Milwaukee, USA) with the patients in 
a supine position. The images were then transferred to 
workstations (AW Volume Share 7, GE, USA). Trained 
radiologists, unaware of the patients’ clinical information, 
measured the scans. PF was distinguished from other tis-
sues using HU density values with a window width rang-
ing from − 195 to -45 HU and centered at -120 HU [14].

The measurement of PFT
PFT was quantified by measuring the maximum distance 
from the posterior renal surface to the inner abdominal 
wall at the level of the renal hilum (renal vein) [15], utiliz-
ing the workstation’s ruler function (Fig. 1A).

The measurement of perirenal fat surface area (PFSA)
PFSA was assessed at the level corresponding to the left 
renal vein, spanning from the anterior renal fascia to the 
lateroconal ligament, covering retroperitoneal and poste-
rior PF below the Zuckerkandl fascia (Fig. 1B) [16, 17].

The measurement of PFV
Based on CT images transferred to the workstation, the 
visible boundaries of the Gerota fascia were measured 
at three levels: cross-sectional, sagittal, and coronal. To 
calculate the PFV, structures such as the adrenal, renal, 
and renal hilum were excluded from the surrounding PF 
based on the HU values characteristic of fat tissue, as well 
as 3D rendering of volume measurements [13] (Fig. 1C).

The measurement of RPT
RPT was defined as the length of the shortest diameter 
line of renal parenchyma parallel to the renal pelvis, 
extending from the renal capsule to the renal collecting 
system. This measurement was taken at one level and 
moved three scanning layers towards both the upper and 
lower poles to obtain two additional values. The average 
of these three values was calculated (Fig. 1D) [18].

Statistical analysis
Statistical methodologies included the use of 
means ± standard deviations (SD) for normally distrib-
uted descriptive data, with group comparisons via t-tests. 
Descriptive variables that exhibited a non-normally dis-
tribution was expressed using medians and quartiles (Q1, 
Q3), and group differences were evaluated through the 
Wilcoxon test. Frequencies (proportions) were employed 
for categorical variables, with chi-square tests for group 
comparisons. Paired samples Wilcoxon tests assessed 
differences in PF-related metrics between the left and 
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right sides within individuals. The association between 
PF and BMI was investigated using Pearson’s correlation 
coefficient. Clinical predictors of kidney stone presence 
were evaluated through both univariate and multivariate 
regression analyses. Statistical analyses were carried out 
using SPSS version 25.0 software with a significance level 
of P < 0.05 was applied.

Results
161 subjects were recruited, comprising 100 individu-
als in the kidney stone cohort and 61 in the control 
group. The research introduced a novel metric akin to 
the Waist-to-Hip Ratio (WHR): PFT/RPT, as detailed in 
Table 1 which outlines the clinical characteristics of both 
cohorts. No notable variances were found in either age 
or BMI across the groups. It was observed that the kid-
ney stone cohort exhibited significantly higher values of 
PFT, PFSA, PFT/RPT, and PFV compared to the control 
group. Furthermore, the study analyzed the disparity in 
PF between the left and right sides of the normal group, 

revealing that the left side exceeded the right (Supple-
mentary Fig. 1). Then, the left kidney was divided into left 
stone-bearing and non-stone-bearing categories, result-
ing in 72 left stone-bearing kidneys and 89 non-stone-
bearing kidneys. A similar classification was applied to 
the right kidney, yielding 50 right stone-bearing kidneys 
and 111 stone-free kidneys.

The correlation between PF-related indicators and 
BMI and the maximum diameter of stones was evaluated 
and summarized in Tables 2 and 3. The findings showed 
a weak to extremely weak positive correlation between 
PFV, PFT, PFSA, PFT/RPT, and BMI. However, no signif-
icant correlation was observed between PFV, PFT, PFSA, 
PFT/RPT and stone burden.

Univariate logistic regression analysis identified gen-
der, hypertension, diabetes, and related PF indicators as 
risk factors for the left stone-bearing kidney, while for 
the right stone-bearing kidney, risk factors included gen-
der and hypertension (Supplementary Tables 1 and 2). 
Due to collinearity between PFT and PFT/RPT, PFT was 

Fig. 1  Assessment of PF-related metrics. (A): Measurement of PFT. (B): Measurement of PFSA. (C): Measurement of PFV. (D): Measurement of RPT
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excluded from the multivariate logistic regression analy-
sis (Supplementary Tables 3 and Supplementary Table 4). 
Multivariate logistic regression analysis revealed PFT/
RPT as an independent predictor for KS (Fig.  2). After 
adjustment for gender, history of hypertension and dia-
betes, PFSA and PFV, the risk associated with PFT/RPT 
increased significantly (Left: odds ratio (OR) = 4.042, 95% 

confidence interval (CI): 2.137–7.645, P < 0.001; Right: 
OR = 5.414, 95% CI: 2.755–10.637, P < 0.001).

Receiver operating characteristic (ROC) curves for 
PFT/RPT were conducted to predict KS. The results 
demonstrated substantial predictive ability for PFT/RPT. 
The area under the curves (AUC) for PFT/RPT was 0.817 
on the left and 0.840 on the right. The cut-off points 
were identified as PFT/RPT > 0.573 on the left and PFT/
RPT > 0.540 on the right (Supplementary Fig. 2).

Subgroup analysis using ROC curves established gen-
der-specific thresholds for predicting KS. The cut-off 
points for left PFT/RPT were determined as > 0.582 for 
males and > 0.323 for females. For the right PFT/RPT, the 

Table 1  Demographic and baseline characteristics of the participants in the study
Variable Kidney stone group (n = 100) Normal group (n = 61) P
Age (years) 54.92 ± 9.02 54.62 ± 6.05 0.803
Gender, men n (%) 70(70.0%) 26(42.6%) 0.001
BMI (kg/m2) 24.51 ± 3.23 24.33 ± 2.89 0.727
Creatinine (μmol/L) 79.50 (65.00, 92.00) 63.00 (52.50, 78.00) < 0.001
Leukocytes 6.70 ± 1.62 6.38 ± 1.96 0.262
eGFR 96.50 (80.50, 106.00) 106.00 (98.00, 113.00) < 0.001
PFT (mm)
  Left 13.18 (8.76, 18.41) 6.89 (4.60, 11.07) < 0.001
  Right 11.30 (7.41, 16.21) 5.42 (3.60, 8.68) < 0.001
PFSA (mm2)
  Left 1575.20 (1118.15, 2319.38) 1108.80 (661.15, 1665.30) < 0.001
  Right 1295.30 (846.53, 1943.75) 831.30 (515.20, 1245.60) < 0.001
PFV (cm3)
  Left 141.50 (101.25, 212.00) 85.95 (56.27, 146.00) < 0.001
  Right 118.50 (81.87, 167.75) 64.48 (42.24, 123.00) < 0.001
PFT/RPT
  Left 0.74 (0.47, 1.05) 0.33 (0.22, 0.50) < 0.001
  Right 0.55 (0.34, 0.91) 0.26 (0.15, 0.39) < 0.001
RPT (mm)
  Left 18.30 ± 3.89 21.12 ± 3.21 < 0.001
  Right 20.72 ± 4.55 22.38 ± 4.28 0.023
kidney volume (cm3)
  Left 192.50 (152.60, 230.93) 161.00 (142.98, 194.00) 0.002
  Right 179.35 (155.50, 218.50) 156.00 (141.26, 189.91) 0.002
History of hypertension, yes (%) 32.0% 4.9% < 0.001
History of diabetes, yes (%) 15.0% 0.0% 0.001
Note: For normally distributed data, they are reported as mean ± SD; for non-normally distributed data, they are reported as median (Q1, Q3); BMI = body mass 
index; eGFR = estimated glomerular filtration rate; PFT = perirenal fat thickness; PFSA = perirenal fat surface area; PFV = perirenal fat volume; RPT = renal parenchymal 
thickness

Table 2  The association between perirenal fat related variables 
and BMI
Correlation R Value P Value
RPFT and BMI 0.265 0.001
RPFSA and BMI 0.344 < 0.001
RPFV and BMI 0.381 < 0.001
RPFT/RRPT and BMI 0.190 0.016
LPFT and BMI 0.242 0.002
LPFSA and BMI 0.197 0.012
LPFV and BMI 0.292 < 0.001
LPFT/LRPT and BMI 0.354 < 0.001
Note: BMI = body mass index; RPFT = right perirenal fat thickness; RPFSA = right 
perirenal fat surface area; RPFV = right perirenal fat volume; RRPT = right renal 
parenchymal thickness; LPFT = left perirenal fat thickness; LPFSA = left perirenal 
fat surface area; LPFV = left perirenal fat volume; LRPT = left renal parenchymal 
thickness

Table 3  The association between perirenal fat related variables 
and the maximum diameter of stones
Correlation R Value P Value
PFT and the maximum diameter of stones 0.045 0.694
PFSA and the maximum diameter of stones 0.110 0.337
PFV and the maximum diameter of stones 0.124 0.280
PFT/RPT and the maximum diameter of stones 0.158 0.167
Note: PFT = perirenal fat thickness; PFSA = perirenal fat surface area; 
PFV = perirenal fat volume; RPT = renal parenchymal thickness
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thresholds were > 0.540 for males and > 0.326 for females 
(Fig. 3).

A further study on the correlation between the PFT/
RPT ratio and kidney stone composition showed that the 
stone composition in patients with low and high PFT/
RPT ratios was not significantly different. (Supplemen-
tary Table 5).

Discussion
This study examined whether the PFT/RPT was corre-
lated with KS. After adjusting for confounding factors, 
it was found that PFT/RPT was significantly correlated 
with KS.

Contrary to many studies, this research indicated that 
BMI was not linked to KS. However, a study by Fan et al. 
[19], involving 10,281 Chinese participants, also reported 
no difference in BMI between urinary stone patients and 
those without. The limitations of BMI include its failure 
to differentiate between subendothelial and visceral fat 
accumulation. Additionally, the implications of obesity 
may vary across different ethnic groups for a given BMI 

[20, 21], such as in some Asian populations who exhibit a 
lower relative risk.

Regarding PFT, PFSA, and PFV, the PFT/RPT ratio 
offered a more accurate assessment of PF proportion, 
correlating a higher ratio with a heightened occurrence 
of KS. Variability in the prevalence of KS and PF accumu-
lation was apparent between genders; females presented 
a lower incidence of KS and reduced PF accumulation. 
Research indicates that females possess a greater ratio 
of subcutaneous fat compared to males [22], implying 
that abdominal fat accumulation in males may be more 
pronounced and potentially exert a greater influence on 
kidney health, thereby elevating the probability of males 
developing stones.

Previous studies on the relationship between KS and PF 
used relatively small sample sizes. Huang et al. [23] mea-
sured PFT via CT in 81 patients with unilateral neph-
rolithiasis and found a significant association between 
increased PFT and a higher recurrence rate of nephroli-
thiasis. Additionally, the PFT in kidneys with stones was 
significantly elevated compared to those without stones, 
emphasizing the significance of PFT in the pathogenesis 

Fig. 2  Multivariate logistic regression analysis of stone bearing kidney. (a): Left. (b): Right
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of KS. Complementary findings were reported in another 
study [13] involving 40 participants where 3D-imaging 
software was employed to assess PFV, demonstrating that 
PFV was significantly larger in kidneys with stones than 
in those without, a result supported by Tastemur et al. 
[24]. However, the small sample sizes and unidimensional 
analysis of these studies may not fully capture the com-
plexity of PF distribution, and not distinguishing between 
left and right side analyses may lead to inaccuracies.

The mechanisms linking increased nephrolithiasis 
risk to PF are not well understood. PF synthesizes and 
secretes adipokines and inflammatory factors [8]. Inflam-
matory mediators such as tumor necrosis factor alpha 

(TNF-α) [25] and interleukin 6 (IL-6) [26, 27], along with 
adipokines including adiponectin [28], visfatin [28] and 
leptin [28], are secreted by PF. These biochemical agents 
are implicated in modulating lipid and glucose metabo-
lism, insulin sensitivity, and inflammation [29, 30], ulti-
mately escalating the risk of developing KS. A 2016 study 
[25] found that pigs with thicker PF exhibited increased 
proinflammatory macrophage infiltration, reactive oxy-
gen species production, and TNF-α expression compared 
to leaner pigs, suggesting a potential link to urinary stone 
disease. Li et al. [31] observed that TNF-α was signifi-
cantly upregulated in mouse renal tubular cells cocul-
tured with adipocytes. Additionally, they noted a marked 

Fig. 3  Receiver operating characteristic (ROC) curve for PFT/RPT predicting kidney stone grouped by gender. (a): Left kidney in males. (b): Left kidney in 
females. (c): Right kidney in males. (d): Right kidney in females
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increase in calcium oxalate monohydrate crystals in these 
cells. These findings support the idea that TNF-α from PF 
may affect renal tubular cells via a paracrine mechanism.

Furthermore, excessive perirenal adipose tissue exerts 
mechanical pressure on renal blood vessels and renal 
parenchyma. This pressure can alter renal hemody-
namics, such as increasing renal interstitial hydrostatic 
pressure [32], which may impact kidney filtration and 
reabsorption processes. Previous research [33] demon-
strated that renal cell damage due to renal ischemia could 
accelerate the calcium oxalate precipitation reaction. 
Thus, excessive PF might expedite calcium oxalate depo-
sition by compressing renal blood flow.

Strengths and limitations
This study explored the relationship between PFT/RPT 
and KS, identifying a significant association for the first 
time. The results provide valuable new insights and 
evidence that could guide clinical management of KS. 
Additionally, acknowledging the different distribution 
patterns of PF in males and females, a subgroup analy-
sis was conducted to examine the connection across both 
genders.

However, this study is not without limitations. Primar-
ily, it was executed in a single institution with a confined 
cohort size, potentially introducing bias and undermin-
ing the generalizability of the results. Additionally, the 
limited number of follow-up cases concerning kidney 
stone recurrence curtailed the capacity for a thorough 
analysis of the correlation between PFT/RPT and stone 
recurrence. Moreover, the retrospective design of this 
study inhibited the exploration of causative mechanisms 
connecting PF to kidney stone pathogenesis.

Conclusion
In conclusion, this study demonstrated a significant cor-
relation between PFT/RPT and KS. Patients with KS 
showed greater accumulation of perirenal adipose than 
healthy individuals. The clinical significance of this study 
lies in its identification of novel indicators for early risk 
assessment of KS. These findings enable clinicians to 
identify high-risk populations and develop personalized 
prevention and intervention strategies, focusing par-
ticularly on reducing PF to lower the risk of KS in these 
individuals.
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