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ABSTRACT

BACKGROUND: Urolithiasis is one of the most common urological disorders, characterized by a chronic recurrent course.
Various predictive models have been proposed to assess the risk of stone recurrence. However, their effectiveness remains
limited, which necessitates further investigation into the clinical features of the disease, including its recurrent nature.

AIM: To evaluate the features of the clinical course of recurrent urolithiasis.

METHODS: This study included 471 patients admitted to a urology department between 2019 and 2021 with a diagnosis of
urolithiasis (ICD-10 codes N20, N23). Statistical analysis of data was performed using RStudio (version 4.3.3).

RESULTS: Compared to patients with first-onset urolithiasis, those with recurrent disease had a higher body mass index
(28.0 and 27.4 kg/m?, respectively; p = 0.043), a higher prevalence of overweight (76.6% and 67.5%, respectively; p = 0.002),
and a greater number of stones in each kidney and overall in both kidneys. The total stone volume was also significantly higher
in recurrent urolithiasis: median 855 mm® and 433 mm?, respectively (p < 0.001). A history of spontaneous stone passage was
reported in 42% of patients, whereas 58% had previously undergone surgical intervention for urolithiasis. Patients with a his-
tory of surgical interventions for urolithiasis had a higher body mass index, a more frequent presence of obesity compared to
patients with spontaneous stone passage (39.2% and 23.8%, respectively; p = 0.011), as well as a greater number of urinary
stones in both kidneys.

CONCLUSION: Recurrent urolithiasis is more common among patients with excess body weight and is associated with more
intensive stone formation than in patients with first-onset of urolithiasis. In recurrent urolithiasis, obesity is linked to an in-
creased need for surgical intervention and a lower probability of spontaneous stone passage. In this context, body weight
normalization appears to be the most appropriate strategy for reducing the risk of urolithiasis recurrence.
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OcobeHHOCTU TeueHUsl peLMAMBUPYIOLLEr0 YpOuTHa3a:
NUIOTHOE UCCNef0BaHue

A.A. Kamanos, 0.10. Hecteposa, W.[1. bypnakos, H.W. CopokuH, [1.M. Kamanos, A.A. CtpuryHos,
[.0. Crenanyenko, [1.C. lepeBHMHa

MockoBcKkui rocyaapcTeeHHbIii yHuBepcuteT uM. M.B. JloMoHocoBa, Mocksa, Poccus

AHHOTALUA

06ocHoBaHMe. MouekameHHas 601e3Hb — O[JHO U3 CaMblX PacnpOCTPAHEHHBIX YPONOrMYecKux 3aboneBaHui, As KOTOpPOro
XapaKTepPHO XPOHMYECKOE peumauBupyloliee TedeHue. [INS oueHKM peumanBa KaMHeobpa3oBaHus NpefnaraloTcs pasnmy-
Hble NMPOrHOCTMYeCKWe Mofenu. TeM He MeHee 3D EKTUBHOCTL NpefiaraeMblX MOLENE BCE eLLe 0CTaeTCs HEA0CTaTOHON,
uyTO TPEbyeT JONONHMTENBHOIO U3yYeHUs 0CO0beHHOCTEN TeueHUs 3aboieBaHms, B TOM UYMCIIE C YYETOM ero peLyauBIpYHOLLEro
XapakTepa.

Lienb — oueHnTb 0c0BEHHOCTM TeUEHNS PeLMAMBMPYIOLLIEr0 YPOnMTHa3a.

Marepuanbl U MeTogbl. MiccnegoBanune BKOYano 471 naumeHTa, rocnmTann3mnpoBaHHbIX B YPOSIOTUYECKOE OTAENEHME B ne-
puog ¢ 2019 no 2021 r. ¢ AMarHo3oM «MoyeKaMeHHas bonesHb» (koabl no MKB-10 N20, N23). Ctatuctudyeckas obpabotka
AaHHbIX OblNa BbINOSIHEHA MPY MOMOLLM NporpamMMHoro obecneyenus RStudio (Bepcus 4.3.3.).

Pesynbtathl. [Ins naumeHToB C peumavsupyloLien GopMoid YyponuThasa No CPaBHEHWUIO C MALMEHTaMW C NepBUYHON MaHU-
decTaumeit MoyeKaMeHHoN 6one3Hn xapaktepeH 6osiee BbICOKMIA MHAEKC Macchl Tena (28,0 u 27,4 Kr/M? COOTBETCTBEHHO,
p=0,043), bonee BbICOKas pacnpoCTPAHEHHOCTb M3bbITOYHOM Macchl Tena (76,6 u 67,5% cooteTcTBeHHO, p=0,002), bonbLuee
KOJIMYECTBO KaMHEN KaK B KaXK[oW MOYKe Mo OTAENbHOCTH, TaK M CyMMapHO B 0benx noykax. CyMMapHblii 06beM KaMHeN
Mpy peLMaMBMpYIOLLEM YpOoIUTHa3e Bbin TakKe Bbilue: MeauaHa 855 u 433 mm? cootsetcTBenHo (p <0,001). Y 42% naumenTos
paHee 0TMeYanocb CaMOCTOATENbHOE OTXOXAEHUE KOHKPEMEHTOB, B TO BpeMsi KaK Yy 98% paHee TpeboBanock onepatueHoe
BMELLIATENBCTBO N0 MOBOAY MOYeKaMeHHOW 6one3HW. Y naumeHToB C mepeHeceHHbIMM OMepaTUBHBIMW BMeLLAaTebCTBaMu
Mo NoBOAY MOYeKaMeHHOM Bone3HM Obin 6osiee BLICOKWIA MHAEKC MacChl TENa, Yalle NpUCYTCTBOBA/IO OXMPEHWE MO CpaBHe-
HWIO C NaLMEHTaMM NOCNe CaMOCTOATENBHOTO OTX0XAeHUS KaMHen (39,2 u 23,8% cooteetcTBeHHO, p=0,011), a Takoke bbino
BbosblLee KONMYeCcTBO MOYEBLIX KaMHel B 06eKx MoyKax.

3aknoueHune. PeumavBupylolLmii yponuTHas Yalle BCTPEYAeTCs Y NaLMEHTOB C HanMYMEM U3BLITOYHOWM Macchl Tenla 1 Xa-
paKTepu3yeTcs 6osiee MHTEHCUBHBIM KaMHEODPa30BaHWEM, YeM Y MALMEHTOB C NEPBUYHON MaHWUdecTaLMel MoYEKaMeEHHOM
bonesHu. OxupeHre Npu peLMavBUPYIOLLEM YPOSIUTMA3e accouMMpoBaHo ¢ bonee YacToi HeoBX0AMMOCTbIO ONepaTMBHBIX
BMeLUATeNIbCTB MPY CHUMEHUM BEPOSTHOCTU CaMOCTOSTENbHOTO OTXOXAEHUS! KOHKPEeMeHTOB. B JaHHOM acnekTe KoHuen-
LMA HopManu3auuu Beca NpefcTaBnseTcss Haubonee ONTUManbHONM CTpaTerven [N CHUXKEHMS pUCKa peLvavBUpOBaHUS
yponutuasa.

KntoueBble croBa: MoyeKaMeHHas 60/1e3Hb; 0XUpeHUe; U30bITOYHAs Macca Tea; peunauBUpYIOLLEe TeYeHUe MOYeKa-
MEeHHOI 6oJie3Hu.
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BACKGROUND

Urolithiasis is one of the most common urological
diseases worldwide. In Russia, there has been a continu-
ous increase in the incidence of urolithiasis since 2005,
which is associated with a widespread increase in risk
factors and improved diagnosis. Although slightly more
than 650,000 new cases were registered in 2005, almost
800,000 cases were reported in 2020. From 2005 to
2019, the incidence of urolithiasis increased by 35.45%,
confirming the relevance of this disease in Russia [1].

Urolithiasis is characterized by chronic recurrent
course. Research has demonstrated that 30%-50% of
patients experience a recurrence of urolithiasis within
five years following the initial manifestations. This under-
scores the need for preventive measures to identify and
mitigate potential risk factors for this condition [2]. Nota-
bly, urolithiasis is a polyetiological disease characterized
by many risk factors. The proven causes of urolithiasis
occurrence and recurrence are metabolic factors, a fam-
ily history of urolithiasis, episodes of stone formation,
comorbidities such as hypertension, diabetes mellitus,
and obesity, as well as dietary and water-drinking habits
(3, 4].

Several prognostic models have been developed
to estimate the likelihood of urolithiasis recurrence.
For example, Xia et al. [5] found that patients with mul-
tiple calculi and bilateral renal injury were at a higher
risk of stone recurrence, based on an analysis of nearly
660 patients’ data. Furthermore, the authors found that
the risk of urolithiasis recurrence increases with urine
acidity in the range of 5 to 7, as well as with higher
serum creatinine and apolipoprotein B concentrations,
which result in cholesterol accumulation in vessel
walls [5].

In 2014, a nomogram for predicting urolithiasis re-
currence was proposed; it was called ROKS (Recurrence
of Kidney Stone). The development of this nomogram
entailed a comprehensive analysis of over 2200 case
histories of patients diagnosed with urolithiasis between
1984 and 2003. During the study, 707 individuals expe-
rienced symptomatic recurrence. The factors evaluated
when calculating the probability of recurrence included
age, sex, race, family history of urolithiasis, macrohe-
maturia, uric acid stones, location of the calculus in the
intravesical region of the ureter, symptomatic stones in
the pelvis or lower calyx group, and additional multiple
asymptomatic calculi [6]. A prospective study by Costa et
al. [7] assessed symptomatic and radiological recurrenc-
es of urolithiasis using the proposed ROKS normogram.
Although the ROKS score had limited capacity to predict
symptomatic recurrence (concordance C-index = 0.63),
it reliably predicted any symptomatic or radiologic recur-
rence (concordance C-index = 0.79). In another study, the
authors evaluated the efficacy of the ROKS nomogram in
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identifying patients who would require medical care for
recurrent urolithiasis following primary surgical treat-
ment of the condition. Although the ROKS nomogram
demonstrated moderate discriminatory ability, calibra-
tion of prognosis based on ROKS was ineffective, and its
clinical utility was minimal [8].

In view of the 2020 results, the ROKS nomogram was
refined because it was clear that it could not predict
recurrence in cases involving two or more episodes of
symptomatic stone formation. Some demographic param-
eters, constitutional features, and diagnostic tests were
introduced into the model [9]. Kavoussi et al. [10] evalu-
ated the performance of the new model, but its ability
to discriminate between recurrences two and five years
after manifestation was still moderate (ROC-AUCO0.67 vs
0.63, respectively).

Thus, due to the absence of widely accepted and ef-
fective models for predicting urolithiasis recurrence,
more research is needed on the disease characteristics,
particularly in patients with recurrences.

The study aimed to evaluate the features of the clini-
cal course of recurrent urolithiasis.

METHODS

The study included 471 patients who were hospita-
lized in the Urology Department of the University Clinic of
the Medical Research and Education Institute at Lomono-
sov Moscow State University between 2019 and 2021 and
were diagnosed with urolithiasis (ICD-10 codes N20, N23).
Basic clinical, laboratory, and instrumental data were
collected for all patients, including age, features of so-
matic status, parameters of blood chemistry analysis
and urinalysis, as well as the results of abdominal com-
puted tomography (CT) with assessment of the presence,
number, and size of urinary calculi in each of the kid-
neys. Furthermore, the data on urolithiasis recurrences
and prior surgical interventions for the condition, or a
history of spontaneous stone passage were collected.
A comparative analysis of the primary clinical and labo-
ratory tests of patients was conducted, with consider-
ation given to recurrent urolithiasis and the history of
prior surgeries.

Statistical Data Processing

Statistical analysis was performed using the R pro-
gramming language in RStudio software (version 4.3.3).
The normality of the distribution of quantitative variables
was assessed using the Shapiro—-Wilk test. The data were
presented as mean and standard deviation (M + SD) if
the distribution was normal and as median and quartiles
(Me [Q,; Q,]) if the distribution was not normal. Cate-
gorical variables are presented as absolute values (n)
and percentages (%). Normally distributed quantita-
tive variables were compared using a Student’s ¢-test;
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variables with a non-normal distribution were compared
using a Mann-Whitney test. Categorical variables were
compared using the chi-square test, the Yates-corrected
chi-square test, and Fisher’s exact test. The differences
were considered statistically significant at p < 0.05.

RESULTS

The mean age of the study participants (n = 471)
was 52.9 years (SD = 14.9 years). The median age was
55 years (41.0; 64.0). The maximum and minimum ages
were 19 and 89 years, respectively. Recurrent urolithia-
sis was observed in 53.3% (n = 251) of patients. A com-
parative analysis of clinical, laboratory, and instrumental
parameters revealed that patients with recurrent uroli-
thiasis had a higher body mass index (BMI) (28.0 kg/m?
vs 27.4 kg/m?; p = 0.043) than those with primary uroli-
thiasis (Table 1). The prevalence of obesity was compa-
rable in both groups, but overweight patients were much
more prevalent in the recurrent urolithiasis group (76.6%
vs 67.5%, respectively; p = 0.002). Furthermore, patients
with recurrent urolithiasis were more likely to have hy-
pertension (53.2% vs 38.8%, respectively; p = 0.002).

No statistically significant differences in blood chem-
istry parameters, including lipid metabolism, were found

between the studied groups. This may be due to a similar
frequency of statin use in each group. Despite the ab-
sence of statistically significant differences in the com-
parative analysis of urine parameters, a tendency toward
increased bacteriuria diagnosis in cases of recurrent
urolithiasis was observed. The indicator demonstrated
borderline significance (28.6% vs 20.7%, respectively;
p =0.083).

A comprehensive evaluation of the parameters that
characterize urinary calculi revealed specific differenc-
es. Recurrent urolithiasis was characterized by a greater
number of stones in each kidney and in both kidneys com-
bined. The mean median stone count was 2.0 [1.0; 3.0]
at primary manifestations, whereas it was 3.0 [1.0; 5.0] in
recurrent urolithiasis (p < 0.001). Furthermore, a higher
total stone volume was observed in recurrent urolithiasis
cases (Me = 855 vs 433 mm?, respectively; p < 0.001),
though mean CT density of these stones was slightly
lower (Me =895 vs 968 HU, respectively, p = 0.002).
The detailed results are presented in Table 1.

Fig. 1 shows a graphical representation of major sta-
tistically significant differences in data between patients
with recurrent and primary urolithiasis.

Patients with recurrent urolithiasis had between 1and 11 pre-
vious recurrences, with an average of 1.9 + 1.32 (1.0; 3.0).
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Fig. 1. Comparative characteristics of patients with recurrent and primary urolithiasis: body mass index (a), excess body weight (b), hypertension (c),
total number of stones (d), stone density according to computed tomography (e), total stone volume (f).
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Table 1. Comparative analysis of clinical, laboratory, and instrumental parameters of patients depending on the recurrent nature of urolithiasis

Primary manifestations

Recurrent urolithiasis

Parameters (n = 220) (n=251) p
Clinical parameters
Age, years (Me [Q;; @;]) 56.0 [39.0; 65.0] 55.0 [43.0; 63.0] 0.781
Sex: 0.823
+ Men, % (n) 59.6% (131) 60.6% (152)
« Women, % (n) 40.4% (89) 39.4% (99)
Body mass index, kg/m? (Me [Q;; G3)) 27.4[23.1; 30.6] 28.0(253;31.7] 0.043
Obesity, % (n) 29.7% (63) 32.7% (81) 0.497
Overweight, % (n) 67.5% (143) 76.6% (190) 0.028
Hypertension, % (n) 38.8% (85) 53.2% (133) 0.002
Diabetes mellitus, % (n) 12.3% (27) 14.0% (35) 0.594
Chronic heart failure, % (n) 6.9% (15) 8.4% (21) 0.529
Statin use, % (n) 12.2% (26) 13.2% (32) 0.744
Laboratory parameters
Uric acid, pmol/L (M + SD) 330.1482.2 342.8 + 93.4 0.392
Cholesterol, mmol/L (Me [@;; G3]) 52 [44;62] 5.4 [4.6;5.9] 0.880
Triglycerides, mmol/L (Me [Q;; @3]) 1.100.9; 1.6] 1.3[1.0;1.9] 0.283
Low-density lipoproteins, mmol/L (M + SD) 34212 32408 0.663
High-density lipoproteins, mmol/L (M + SD) 12403 13405 0.518
Very low-density lipoproteins, mmol/L (Me [@;; ;]) 0.5[0.4; 0.5] 1.0[1.0;1.3] 017
Urine protein, % (n) 65.4% (123) 58.8% (137) 0.164
Bacteriuria, % (n) 20.7% (34) 28.6% (57) 0.083
Instrumental parameters
Bilateral urolithiasis, % (n) 35.0% (77) 43.6% (108) 0.059
Number of stones on the right (Me [Q;; &;]) 1.0[0.0; 1.5] 1.00.0; 3.0] <0.001
Number of stones on the left (Me [Q;; G,]) 1.0[1.0; 2.0] 1.0[0.0; 3.0] 0.003
Total number of stones (Me [Q;; Q,)) 2.0[1.0;3.0] 3.0[1.0;5.0] <0.001
Volume of stones on the right, mm® (Me [Q;; Q) 300.0 [105.0; 704.0] 264.0[91.1;1001.0] 0.619
Volume of stones on the left, mm? (Me [Q;; Q,]) 228.0 [68.0; 745.0] 510.0 [81.0; 1947.0] 0.023
Total volume of stones, mm® (Me [Q;; Q) 433.0 [193.0; 1064.0 855.0 [263.1; 2570.5] <0.001
Density of stones on the right, HU (Me [@;; G,)) 1035.0 [669.0; 1280.0] 900.0 [541.0; 1150.0] 0.067
Density of stones on the left, HU (Me [Q;; ;) 1000.0 [695.0; 1319.0] 888.0 [630.0; 1100.0] 0.008
Mean density of all stones, HU (Me [Q;; G,)) 968.0 [669.0; 1300.0] 895.0 [563.0; 1100.0] 0.002
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Among the previous episodes of urolithiasis, 106 (42.2%)
patients experienced spontaneous stone passage and did
not require surgical interventions. Among the remaining
145 (57.8%) patients, a previous surgery for urolithiasis
was required. Fig. 2 shows the distribution of patients
with recurrent urolithiasis depending on the number of
stones and previous surgical interventions.

Fig. 2 shows that only 28% of patients with recurrent
urolithiasis had a single stone, whereas 72% had two or
more stones. Of these patients, 42% had spontaneous
stone passage that did not require surgery, whereas 58%
required surgery.

Subsequently, a comparative analysis of the main
clinical, laboratory, and instrumental parameters of pa-
tients with recurrent urolithiasis was performed depend-
ing on the previous surgeries (see Table 2). Patients with
a history of urolithiasis surgeries exhibited higher BMI,
with obesity and overweight being more prevalent. Thus,
obesity was present in 39.2% of patients who underwent
surgery and in only 23.8% of those who experienced
spontaneous stone passage (p =0.011). Furthermore,
hypertension was more prevalent among patients with
a history of surgical interventions (62.1% vs 41.0%, re-
spectively; p < 0.001).

No statistically significant differences in blood chem-
istry parameters, including lipid metabolism, were found
between the studied groups. This may be due to a similar
frequency of statin use in each group.

No statistically significant differences were found
when assessing instrumental parameters that charac-
terize urinary stones. However, a characteristic pattern
emerged: patients who had undergone previous surgery
for urolithiasis had more urinary stones in both kidneys
(median of 3.0 vs 2.0, respectively), though with a bor-
derline significance (p = 0.052). The detailed results are
presented in Table 2.

Fig. 3 shows a graphical representation of the ma-
jor statistically significant differences in data between
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patients with recurrent urolithiasis depending on previous
surgeries.

DISCUSSION

This study examined the characteristics of recurrent
urolithiasis in patients who presented at the urology de-
partment of the University Clinic of the Medical Research
and Education Institute at Lomonosov Moscow State Uni-
versity between 2019 and 2021. We found that patients
with recurrent urolithiasis had a higher BMI than those
with primary urolithiasis (28.0 vs 27.4 kg/m?, respec-
tively; p = 0.043). Furthermore, patients with recurrent
urolithiasis have a greater number of stones in each kid-
ney and overall in both kidneys, as well as a greater total
volume of calculi. Additionally, patients who had previ-
ously undergone surgery for urolithiasis were shown to
have a higher BMI and be more likely to be obese or
overweight. In this regard, weight normalization appears
to be the optimal strategy for reducing recurrence risk
and increasing the likelihood of spontaneous stone pas-
sage in case of recurrence.

Previous studies have reported similar results regard-
ing the relationship between patients’ constitutional char-
acteristics and recurrent urolithiasis. For example, the
NHANES study, which included almost 10,000 patients,
found that the prevalence and recurrence of urolithia-
sis increased alongside an increase in visceral obesity.
Thus, the probability of recurrent urolithiasis increases
by 1.52-fold (or 52%) in patients with a visceral obesity
index in the upper quartile [11]. A study by Lee et al. [12]
showed that obesity increases the risks of stone recur-
rence after primary manifestations by 2.6-fold (odds ratio
[OR] = 2.572; 95% confidence interval [Cl]: 1.376-4.807;
p = 0.003). However, a similar analysis of patients with
recurrent urolithiasis did not reveal this correlation, which
underscores the importance of weight loss in preven-
ting stone recurrence after primary manifestations [12].
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Fig. 2. Distribution of patients with recurrent urolithiasis depending on the number of stones (a) and previous surgeries for urolithiasis (b).
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Table 2. Comparative analysis of clinical, laboratory, and instrumental parameters in patients with recurrent urolithiasis depending on previous surgeries
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Spontaneous stone passage

Previous surgeries for

Parameters without surgery urolithiasis p
(n=106) (n = 145)
Clinical parameters

Age, years (Me [Q;; @;]) 53.0 [42.0; 62.0] 55.0 [44.0; 64.0] 0312
Sex: 0.636

+ Men, % (n) 62.3% (66) 59.3% (86)

« Women, % (n) 37.7% (40) 40.7% (59)
Body mass index, kg/m? (Me [Q;; @) 26.8 [24.7-29.8] 29.0 [25.8-32.6] 0.002
Obesity, % (n) 23.8% (25) 39.2% (56) 0.01
Overweight, % (n) 70.5% (74) 81.1% (116) 0.050
Hypertension, % (n) 41.0% (43) 62.1% (90) <0.001
Diabetes mellitus, % (n) 12.4% (13) 15.2% (22) 0.530
Chronic heart failure, % (n) 6.7% (7) 9.7% (14) 0.542
Statin use, % (n) 12.5% (13) 13.7% (19) 0.790

Laboratory parameters
Uric acid, ymol/L (M + SD) 342.2+106.7 343.2+83.2 0.962
Cholesterol, mmol/L (Me [Q;; G;]) 53 [47;5.8] 5.4 [4.6;5.9] 0.857
Triglycerides, mmol/L (Me [Q;; @3)) 1.6 [1.0; 2.4] 13110, 1.7] 0.415
Low-density lipoproteins, mmol/L (M + SD) 3.10.7 3.320.9 0.594
High-density lipoproteins, mmol/L (M + SD) 1.2¢0.5 13404 0.482
Very low-density lipoproteins, mmol/L (Me [@;; G;]) 24101.8;29] 1.0[0.7; 1.0 0.139
Urine protein, % (n) 60.6% (57) 57.6% (80) 0.639
Bacteriuria, % (n) 23.1% (18) 32.2% (39) 0.163
Instrumental parameters

Bilateral urolithiasis, % (n) 38.7% (41) 47.2% (67) 0.181
Number of stones on the right (Me [Q;; &;]) 1.0[0.0; 2.0] 1.0[1.0;3.0] 0.053
Number of stones on the left (Me [Q;; G,]) 1.0[0.0;3.0] 2.0(0.0; 3.0] 0.356
Total number of stones (Me [Q;; G,]) 2.001.0; 4.8] 3.0[2.0;5.0] 0.052
Volume of stones on the right, mm® (Me [Q;; Q;)) 336.0 [90.8; 1001.0] 262.1[109.0; 970.7] 0.848
Volume of stones on the left, mm?3 (Me [Q;; Q,]) 378.0 [80.0; 1169.9] 510.2 [168.5; 2122.7] 0.397
Total volume of stones, mm® (Me [Q;; Q) 780.0 [210.0; 1800.0] 915.4 [313.8; 3257.0] 0.108
Density of stones on the right, HU (Me [Q;; Q;]) 925.0 [618.0; 1171.3] 850.0 [500.0; 1100.0] 0.256
Density of stones on the left, HU (Me [Q;; &;]) 858.5 [697.5; 1033.5] 925.0 [575.0; 1100.0] 0.841
Mean density of all stones, HU (Me [Q;; G,)) 900.0 [637.5; 1100.0] 868.8 [533.3; 1083.0] 0279
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Fig. 3. Comparative characteristics of patients with recurrent urolithiasis depending on previous surgeries: body mass index (a), obesity (b),

total number of stones (c).

Huang et al. [13] demonstrated that the risk of uroli-
thiasis recurrence is associated with paranephric tissue
thickness, which was more pronounced in patients with
elevated BMI and hyperlipidemia. The presence of thick
pararenal tissue increased the likelihood of stone recur-
rence by more than threefold [13]. Similar results were
obtained by Yamashita et al. [14], finding that patients
with recurrent urolithiasis had significantly higher viscer-
al fat volumes than those with primary manifestations.

Interesting data were obtained in a large Spanish
study published in January 2025. Rodriguez-Monsalve
et al. [15] assessed the impact of obesity on the hos-
pitalization rate of patients with urolithiasis between
1997 and 2021. Notably, obesity increased the likelihood
of hospitalization for urolithiasis by 15.6-fold and was
associated with higher treatment costs. Researchers
concluded that preventive strategies aimed at combat-
ing obesity should be implemented to reduce the overall
burden on the healthcare system [15]. Similar results
were obtained in the present study. We have shown that
obesity was much less common among patients with re-
current urolithiasis and spontaneous stone passage than
among those with recurrent urolithiasis who had under-
gone previous surgeries (23.8% vs 39.2%, respectively;
p=0.011). A similar pattern was observed for BMI,
which was 26.8 and 29.0 kg/m? in the two groups, re-
spectively (p = 0.002). Spontaneous stone passage usu-
ally does not require hospitalization. Therefore, patients
with recurrent urolithiasis who are not obese require
inpatient treatment much less frequently than obese and
overweight patients. Therefore, patients with urolithiasis
and obesity placed a greater burden on the healthcare
system.

The relationship between obesity and urolithiasis
is mediated by several mechanisms. Obesity may re-
sult in decreased urine acidity and increased excretion
of oxalates, sodium, phosphates, and uric acid. Insulin
resistance affects the tubular exchange of sodium and

DOl https://doiorg/10.17816/uroved680941

hydrogen ions, promoting the formation of ammonium
ions and, consequently, the acidification of urine. This
further enhances stone formation [16]. Our work indi-
rectly confirmed this relationship as well. We have de-
monstrated that patients with recurrent urolithiasis are
more likely to be obese and have lower stone density on
CT scans. This finding may indirectly suggest a correla-
tion between stone density and BMI in this patient group,
though this correlation has not been confirmed directly
in our work. Additionally, patients who have undergone
bariatric surgery are at a significantly increased risk for
urolithiasis due to increased oxalate absorption in the
intestine [17].

Based on data regarding the relationship between
obesity, stone recurrence, and spontaneous stone pas-
sage, this relationship may also be applied to patients’
lipid status. This is supported by several published stud-
ies. For example, Wang et al. [18] showed that an in-
crease in the atherogenic index is associated with an
increased likelihood of both the onset and recurrence of
urolithiasis. Hong et al. [19] found that the ratio of low-
density lipoprotein cholesterol to high-density lipoprotein
cholesterol is associated with stone recurrence. Thus, a
one-unit increase in this ratio leads to a 9% increase in
the risk of urolithiasis recurrence [19]. Kang et al. [20]
demonstrated that hypertriglyceridemia increases the
risk of urolithiasis recurrence by 1.86-fold. However,
the study found no difference in lipid status depending
on the recurrent course of urolithiasis. In patients with
recurrent or primary urolithiasis, cholesterol, triglyc-
eride, low-density lipoprotein, high-density lipoprotein,
and very low-density lipoprotein levels were compara-
ble. This may be due to the similar frequency of statin
use in the study groups (13.2% vs 12.2%, respectively;
p = 0.744).

Additionally, this study revealed that recurrent uro-
lithiasis was characterized by a greater number of
stones in each kidney and in both kidneys cumulatively.
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Accordingly, the total volume of stones in patients with
recurrent urolithiasis was greater than in those with
primary urolithiasis (855.0 vs 433 mm? respectively;
p < 0.001). Our findings are indirectly supported by a ret-
rospective study by Kang et al. [21], which included near-
ly 1000 patients. The Cox regression analysis revealed
that multiple stones in primary urolithiasis was associ-
ated with an almost 2.5-fold increase in recurrence risk
at a median follow-up period of 35 months (OR = 2.343;
95% Cl: 1.302-4.220; p = 0.005) [21]. Similar results
were obtained by Xia et al. [5]. As part of the study to
develop a nomogram for predicting stone recurrence,
the authors identified multiple stones and bilateral kid-
ney involvement as risk factors, increasing the likelihood
of recurrence by 1.83- and 1.78-fold, respectively [5].
In our study, bilateral stones were more prevalent
among patients with recurrent urolithiasis than among
those with primary manifestations of the disease (43.6%
vs 35.0%, respectively). However, despite this clear
trend, the differences were not statistically significant
(p = 0.059).

Additionally, the present study found that patients
with recurrent urolithiasis and those who had undergone
prior surgeries for the condition were more likely to have
hypertension. It was present in 53.2% of patients with
recurrent urolithiasis, compared with 38.8% of patients
with primary manifestations (p = 0.002). In patients with
previous surgical interventions for urolithiasis, hyperten-
sion was observed in 62.1% of cases, whereas in patients
with spontaneous stone passage, this figure was 41.0%
(p < 0.001). Our data are confirmed by several other
studies. For example, Alshehri et al. [22] demonstrated
that hypertension increases the risk of urolithiasis re-
currence by 2.34-fold, irrespective of sex, water intake,
dietary habits, or hyperparathyroidism. Similar findings
were reported in a meta-analysis by Wang et al. [4],
which identified hypertension as a risk factor for recur-
rent urolithiasis. A study published in May 2024 used
Mendelian randomization to show that urolithiasis may
be a risk factor for hypertension. No such association
was found for diabetes mellitus or obesity [23]. The re-
sults of this study suggest a potential vicious cycle invol-
ving hypertension and urolithiasis. Urolithiasis increases
the likelihood of hypertension, which, in turn, increases
the probability of urolithiasis recurrence. Consequently,
hypertension treatment may prevent stone formation.
Similarly, the prophylaxis of stone formation may also
prevent hypertension [23].

Another risk factor that is actively discussed for uro-
lithiasis recurrence is urinary tract infections. Several
urease-producing microorganisms have been proven to
be associated with the development of struvite, an in-
fectious stone. However, the vast majority of calculi are
non-infectious. However, it is suggested that microor-
ganisms may be associated with the development of
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urolithiasis, even in cases of non-infectious stones. Urine
contains a diverse microbial community, or microbiome,
whose members may alter the chemical composition of
urine and influence stone formation [24]. Additionally, the
urinary microbiome can interact with the immune sys-
tem, triggering an inflammatory response in the urinary
tract. Chronic, sluggish inflammation may be associ-
ated with the onset and recurrence of urolithiasis [25].
However, a study by Liu et al. [26] that included over
350 patients found that the presence of microorganisms
in culture tests was not associated with recurrent uroli-
thiasis. The only independent predictor of recurrence was
the presence of multiple stones. Similar results were ob-
tained in the present study. We demonstrated that the
prevalence of bacteriuria in patients with primary and
recurrent urolithiasis was comparable. However, there
was a clear tendency for more frequent bacteria detect-
ability in the urine of patients with recurrent urolithiasis,
reaching borderline statistical significance (28.6% in re-
current urolithiasis vs 20.7% in primary manifestations;
p =0.083).

CONCLUSION

Our study found that patients with recurrent uroli-
thiasis were more likely to be overweight or obese, have
hypertension, and have a greater number of stones in
each kidney and in both kidneys cumulatively. However,
the average density of these stones was lower on CT
scans. Spontaneous stone passage was more likely in
patients with recurrent urolithiasis who were not obese,
had a lower BMI, and did not have hypertension. In the
presence of these factors, patients were more likely to
undergo surgical treatment. However, no statistically sig-
nificant differences were found in the results of the blood
chemistry tests, including those related to lipid metabo-
lism, between the study groups. This may be because the
frequency of statin use was similar in each group. Based
on our data, the optimal strategy for preventing kidney
stone recurrence and increasing the likelihood of sponta-
neous stone passage is reducing fat mass and achieving
a healthy weight.
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