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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/m2, 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 mm3 and 433 mm3, 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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Особенности течения рецидивирующего уролитиаза: 
пилотное исследование
А.А. Камалов, О.Ю. Нестерова, И.Д. Бурлаков, Н.И. Сорокин, Д.М. Камалов, А.А. Стригунов, 
Д.О. Степанченко, Д.С. Деревнина
Московский государственный университет им. М.В. Ломоносова, Москва, Россия

АННОТАЦИЯ
Обоснование. Мочекаменная болезнь — одно из самых распространенных урологических заболеваний, для которого 
характерно хроническое рецидивирующее течение. Для оценки рецидива камнеобразования предлагаются различ-
ные прогностические модели. Тем не менее эффективность предлагаемых моделей все еще остается недостаточной, 
что требует дополнительного изучения особенностей течения заболевания, в том числе с учетом его рецидивирующего 
характера. 
Цель — оценить особенности течения рецидивирующего уролитиаза. 
Материалы и методы. Исследование включало 471 пациента, госпитализированных в урологическое отделение в пе-
риод с 2019 по 2021 г. с диагнозом «мочекаменная болезнь» (коды по МКБ-10 N20, N23). Статистическая обработка 
данных была выполнена при помощи программного обеспечения RStudio (версия 4.3.3.).
Результаты. Для пациентов с рецидивирующей формой уролитиаза по сравнению с пациентами с первичной мани-
фестацией мочекаменной болезни характерен более высокий индекс массы тела (28,0 и 27,4 кг/м2 соответственно, 
р=0,043), более высокая распространенность избыточной массы тела (76,6 и 67,5% соответственно, р=0,002), большее 
количество камней как в каждой почке по отдельности, так и суммарно в обеих почках. Суммарный объем камней 
при рецидивирующем уролитиазе был также выше: медиана 855 и 433 мм3 соответственно (р <0,001). У 42% пациентов 
ранее отмечалось самостоятельное отхождение конкрементов, в то время как у 58% ранее требовалось оперативное 
вмешательство по поводу мочекаменной болезни. У пациентов с перенесенными оперативными вмешательствами 
по поводу мочекаменной болезни был более высокий индекс массы тела, чаще присутствовало ожирение по сравне-
нию с пациентами после самостоятельного отхождения камней (39,2 и 23,8% соответственно, р=0,011), а также было 
большее количество мочевых камней в обеих почках. 
Заключение. Рецидивирующий уролитиаз чаще встречается у пациентов с наличием избыточной массы тела и ха-
рактеризуется более интенсивным камнеобразованием, чем у пациентов с первичной манифестацией мочекаменной 
болезни. Ожирение при рецидивирующем уролитиазе ассоциировано с более частой необходимостью оперативных 
вмешательств при снижении вероятности самостоятельного отхождения конкрементов. В данном аспекте концеп-
ция нормализации веса представляется наиболее оптимальной стратегией для снижения риска рецидивирования 
уролитиаза.

Ключевые слова: мочекаменная болезнь; ожирение; избыточная масса тела; рецидивирующее течение мочека-
менной болезни.
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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 

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-AUC0.67 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  [Q1; Q3]) 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 t-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/m² 
vs 27.4 kg/m2; 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 mm3, 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 1 and 11 pre-
vious recurrences, with an average of 1.9 ± 1.32 (1.0; 3.0). 

B
od

y 
m

as
s 

in
de

x,
 k

g/
m

2
To

ta
l 

nu
m

be
r 

of
 s

to
ne

s

St
on

e 
de

ns
it

y 
on

 C
T 

sc
an

s,
 H

U

To
ta

l 
vo

lu
m

e 
of

 s
to

ne
s,

 m
m

3

N
um

be
r 

of
 p

at
ie

nt
s,

 %

N
um

be
r 

of
 p

at
ie

nt
s,

 %

Recurrent urolithiasis

Recurrent urolithiasis Recurrent urolithiasis Recurrent urolithiasis

Recurrent urolithiasis Recurrent urolithiasis

Overweight Hypertension
Yes Yes
No No

20

5

500

1000

0

4000

2000

6000

8000

1500

2000

10

0 0

50 50

25 25

75 75

100 100

40

30

50 p = 0.043

p < 0.001 p < 0.001

p = 0.028 p = 0.002

p = 0.002

0

0 0 0

0 01 11

1 1 1

a

d

b

e f

c

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

Parameters
Primary manifestations 

(n = 220)
Recurrent urolithiasis 

(n = 251)
р

Clinical parameters

Age, years (Me [Q1; Q3]) 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/m2 (Me [Q1; Q3]) 27.4 [23.1; 30.6] 28.0 [25.3; 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, μmol/L (M ± SD) 330.1±82.2 342.8 ± 93.4 0.392

Cholesterol, mmol/L (Me [Q1; Q3]) 5.2 [4.4; 6.2] 5.4 [4.6; 5.9] 0.880

Triglycerides, mmol/L (Me [Q1; Q3]) 1.1 [0.9; 1.6] 1.3 [1.0; 1.9] 0.283

Low-density lipoproteins, mmol/L (М ± SD) 3.4±1.2 3.2±0.8 0.663

High-density lipoproteins, mmol/L (М ± SD) 1.2±0.3 1.3±0.5 0.518

Very low-density lipoproteins, mmol/L (Me [Q1; Q3]) 0.5 [0.4; 0.5] 1.0 [1.0; 1.3] 0.171

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 [Q1; Q3]) 1.0 [0.0; 1.5] 1.0 [0.0; 3.0] <0.001

Number of stones on the left (Me [Q1; Q3]) 1.0 [1.0; 2.0] 1.0 [0.0; 3.0] 0.003

Total number of stones (Me [Q1; Q3]) 2.0 [1.0; 3.0] 3.0 [1.0; 5.0] <0.001

Volume of stones on the right, mm3 (Me [Q1; Q3]) 300.0 [105.0; 704.0] 264.0 [91.1; 1001.0] 0.619

Volume of stones on the left, mm3 (Me [Q1; Q3]) 228.0 [68.0; 745.0] 510.0 [81.0; 1947.0] 0.023

Total volume of stones, mm3 (Me [Q1; Q3]) 433.0 [193.0; 1064.0 855.0 [263.1; 2570.5] <0.001

Density of stones on the right, HU (Me [Q1; Q3]) 1035.0 [669.0; 1280.0] 900.0 [541.0; 1150.0] 0.067

Density of stones on the left, HU (Me [Q1; Q3]) 1000.0 [695.0; 1319.0] 888.0 [630.0; 1100.0] 0.008

Mean density of all stones, HU (Me [Q1; Q3]) 968.0 [669.0; 1300.0] 895.0 [563.0; 1100.0] 0.002
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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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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 

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/m2, 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 [CI]: 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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Table 2. Comparative analysis of clinical, laboratory, and instrumental parameters in patients with recurrent urolithiasis depending on previous surgeries

Parameters
Spontaneous stone passage 

without surgery 
(n = 106)

Previous surgeries for 
urolithiasis 
(n = 145)

р

Clinical parameters

Age, years (Me [Q1; Q3]) 53.0 [42.0; 62.0] 55.0 [44.0; 64.0] 0.312

Sex: 0.636

•	 Men, % (n) 62.3% (66) 59.3% (86)

•	 Women, % (n) 37.7% (40) 40.7% (59)

Body mass index, kg/m2 (Me [Q1; Q3]) 26.8 [24.7–29.8] 29.0 [25.8–32.6] 0.002

Obesity, % (n) 23.8% (25) 39.2% (56) 0.011

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, μmol/L (M ± SD) 342.2±106.7 343.2±83.2 0.962

Cholesterol, mmol/L (Me [Q1; Q3]) 5.3 [4.7; 5.8] 5.4 [4.6; 5.9] 0.857

Triglycerides, mmol/L (Me [Q1; Q3]) 1.6 [1.0; 2.4] 1.3 [1.0; 1.7] 0.415

Low-density lipoproteins, mmol/L (М ± SD) 3.1±0.7 3.3±0.9 0.594

High-density lipoproteins, mmol/L (М ± SD) 1.2±0.5 1.3 ± 0.4 0.482

Very low-density lipoproteins, mmol/L (Me [Q1; Q3]) 2.4 [1.8; 2.9] 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 [Q1; Q3]) 1.0 [0.0; 2.0] 1.0 [1.0; 3.0] 0.053

Number of stones on the left (Me [Q1; Q3]) 1.0 [0.0; 3.0] 2.0 [0.0; 3.0] 0.356

Total number of stones (Me [Q1; Q3]) 2.0 [1.0; 4.8] 3.0 [2.0; 5.0] 0.052

Volume of stones on the right, mm3 (Me [Q1; Q3]) 336.0 [90.8; 1001.0] 262.1 [109.0; 970.7] 0.848

Volume of stones on the left, mm3 (Me [Q1; Q3]) 378.0 [80.0; 1169.9] 510.2 [168.5; 2122.7] 0.397

Total volume of stones, mm3 (Me [Q1; Q3]) 780.0 [210.0; 1800.0] 915.4 [313.8; 3257.0] 0.108

Density of stones on the right, HU (Me [Q1; Q3]) 925.0 [618.0; 1171.3] 850.0 [500.0; 1100.0] 0.256

Density of stones on the left, HU (Me [Q1; Q3]) 858.5 [697.5; 1033.5] 925.0 [575.0; 1100.0] 0.841

Mean density of all stones, HU (Me [Q1; Q3]) 900.0 [637.5; 1100.0] 868.8 [533.3; 1083.0] 0.279
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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).
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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. Rodríguez-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/m2 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 

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 mm3 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% CI: 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 

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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