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Introduction High-risk urinary stone formers are advised to undergo comprehensive metabolic assess-
ment and targeted prophylaxis; however, recurrence outcomes under guideline-based prevention pro-
grams remain uncertain.
Material and methods We conducted a prospective, single-center observational cohort study including 
adult high-risk stone formers rendered stone-free after surgical/endourological treatment. All patients 
underwent standardized blood tests, 24-hour urine evaluation, and stone composition analysis. Patients 
with at least one metabolic abnormality received risk factor-specific therapy, whereas those without ab-
normalities received non-specific measures and lifestyle counseling. Recurrence was defined as a newly 
detected stone ≥3 mm on follow-up imaging.
Results Sixty-four patients were included (mean age 33.47 ±10.32 years; 60.9% male). At least one 
metabolic abnormality was identified in 42 patients (65.6%); hypocitraturia was the most frequent 
abnormality (53.1%). Metabolic syndrome was present in 16 patients (25.0%) and was more common 
among patients with metabolic abnormalities (33.3% vs 9.1%; p = 0.033). Over a mean follow-up  
of 24.5 months, recurrence occurred in 10 patients (15.6%). Recurrence rates were 16.7% (7/42)  
in the targeted-therapy group and 13.6% (3/22) in the non-specific group (p = 0.749), corresponding  
to a relative risk of 1.22 (95% confidence interval 0.35–4.27). Among patients who experienced  
recurrence (n = 10), the time to recurrence was 11.8 ±5.69 months (median 12.5 months; range  
4–19 months).
Conclusions In this high-risk cohort, metabolic abnormalities were common, and metabolic syndrome 
clustered with metabolic risk factors. Between-group recurrence estimates were imprecise; larger stud-
ies with robust adjustment for baseline risk and adherence are needed. The observational, risk-stratified 
design precludes causal inference regarding the effectiveness of targeted medical metaphylaxis.
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Introduction

Among urinary tract pathologies, stone disease rep-
resents the third most common clinical condition 
after infections and prostatic disorders [1]. In pa-
tients diagnosed with urolithiasis, a detailed medi-
cal history and thorough physical examination con-
stitute the cornerstone of the initial evaluation [1].  
In recent decades, a marked increase in the inci-

dence of urinary stone disease has been reported, 
with prevalence rates ranging between 2% and 20% 
across different geographic regions [2–4]. This ris-
ing trend increases not only the procedural bur-
den on healthcare systems but also the overall cost  
of treatment [3].
A major challenge in stone disease is the high rate 
of recurrence, even after stone-free status has 
been achieved with appropriate interventions [4].  
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Therefore, systematic assessment of metabolic risk 
factors and correction of identified abnormalities 
are clinically important [5-7]. Together with stone 
type determination, metabolic evaluation is a fun-
damental component of metaphylaxis [6–9].
European Association of Urology (EAU) guide-
lines recommend comprehensive metabolic eval-
uation in stone formers classified as high risk  
for recurrence, followed by preventive measures 
guided by stone composition and the urinary risk  
profile [9]. However, in routine practice, high-risk 
cohorts are heterogeneous and preventive regi-
mens vary, which can make observed recurrence  
outcomes difficult to interpret.
In this prospective single-center cohort, high-risk 
stone formers underwent stone composition analy-
sis and metabolic assessment. Patients with meta-
bolic abnormalities received targeted pharmacologic 
therapy in addition to general preventive measures, 
whereas metabolically normal patients were man-
aged with general measures alone. We aimed to re-
port the prevalence and pattern of metabolic abnor-
malities and to explore recurrence rates and time 
to recurrence during follow-up, while acknowledg-
ing the observational design and limited statistical 
power for between-group comparisons.
Stone composition and baseline metabolic diagno-
ses have been associated with patterns of surgical 
recurrence in previous observational studies, high-
lighting the potential value of combining stone 
analysis with a structured metabolic assessment 
[10–12].

MATERIAL AND METHODS

Study design

This single-center, prospective, observational cohort. 

Patient selection and definition of high-risk status

Beginning April 1, 2020, consecutive adult patients 
(≥18 years of age) with urinary stone disease who 
were classified as high risk for recurrence per EAU 
guidance were assessed [9]. Sixty-four patients met 
eligibility criteria and were included. High-risk sta-
tus was assigned based on the presence of at least 
one EAU high-risk factor, including the following: 
early onset urolithiasis; familial stone disease; re-
current stone formation or short interval since  
the last stone episode; specific stone types (brush-
ite-containing, uric acid/urate-containing, infec-
tion stones); solitary kidney and/or chronic kidney 
disease; diseases associated with stone formation  
(e.g., hyperparathyroidism, metabolic syndrome, 

nephrocalcinosis, gastrointestinal malabsorptive 
conditions); genetically determined stone disorders 
(e.g., cystinuria, primary hyperoxaluria, distal re-
nal tubular acidosis); anatomical abnormalities  
of the kidney/urinary tract; and relevant environ-
mental/professional exposures [9].
Inclusion criteria were as follows: age ≥18 years; 
stones confirmed by non-contrast computed to-
mography; fulfillment of high-risk criteria [6–9];  
and achievement of complete stone-free status after 
intervention.
Exclusion criteria were as follows: age <18 years; 
malignancy; pregnancy/lactation; inability to per-
form stone analysis; residual fragments ≥3 mm  
on postoperative imaging; non-adherence or loss  
to follow-up.
Demographics (age, sex, and body mass index) and 
cardiometabolic comorbidities were recorded using 
a standardized case report form. Metabolic syn-
drome was defined using harmonized criteria: pres-
ence of at least three of the following: increased 
waist circumference, elevated fasting glucose or di-
abetes, elevated blood pressure or antihypertensive 
treatment, elevated triglycerides, and/or reduced 
high-density lipoprotein cholesterol, based on avail-
able clinical records [13].

Imaging, management, and confirmation  
of stone-free status

All patients underwent non-contrast computed to-
mography. Procedure selection (ureterorenoscopy, 
percutaneous nephrolithotomy, and selected cases 
of shock wave lithotripsy with endoscopic comple-
tion where appropriate) was based on stone size, lo-
cation, and burden. Stone-free status was assessed 
at postoperative month 1 using ultrasonography 
and plain abdominal radiography (kidney-ureter-
bladder). Patients with residual fragments ≥3 mm 
were classified as not completely stone free and 
were excluded.
Urinalysis and urine culture were obtained before 
metabolic evaluation. When infection was present, 
antibiotics were administered and metabolic work-
up was deferred until resolution.

Metabolic evaluation and stone analysis

After confirmation of stone-free status and absence 
of active infection, patients underwent metabolic 
assessment comprising biochemical blood tests  
and a single 24-hour urine collection. Serum evalu-
ation included creatinine, urea, uric acid, calcium, 
electrolytes, and parathyroid hormone as clini-
cally indicated, along with a complete blood count.  
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The 24-hour urine analysis included volume and 
routine lithogenic parameters (e.g., calcium, oxa-
late, citrate, uric acid, magnesium, urea, phospho-
rus, cystine, and pH where available), supplemented 
by urinalysis and selected spot urine measurements. 
Patients were instructed to maintain their usual diet 
during collection. Metabolic abnormalities were de-
fined using laboratory reference ranges and guide-
line-referenced thresholds (e.g., hypercalciuria, 
hyperoxaluria, hypocitraturia, hyperuricosuria, 
hypomagnesuria, low urine volume, low urine pH).  
Stone composition was determined by X-ray diffrac-
tion from retrieved fragments. Definitions of urinary 
abnormalities were based on established thresholds 
[14–16].
Patients were categorized into the following groups:
1.	 Metabolic risk factor group: ≥1 metabolic 

abnormality; received specific medical therapy 
tailored to stone type/metabolic profile.

2.	 No metabolic risk factor group: no patho-
logical metabolic findings; managed with non-
specific measures only.

Therapeutic approach

Non-specific therapy (no metabolic risk factors):  
no pharmacological treatment. Lifestyle and pre-
ventive advice included fluid intake to achieve urine 
volume ≥2 l/day (distributed throughout the day 
and before bedtime), a balanced diet rich in fruits/
vegetables/fiber, avoidance of excessive animal pro-
tein, normal dietary calcium intake, salt restriction, 
and weight reduction when indicated.
Specific therapy (metabolic risk factors): general 
recommendations plus targeted pharmacologic 
treatment selected according to the identified dis-
turbance and stone type. Examples included pyri-
doxine for hyperoxaluria, potassium citrate for 
hypocitraturia and/or low urine pH, thiazide ther-
apy when hypercalciuria was present, allopurinol  
for hyperuricosuria, magnesium supplementa-
tion for hypomagnesuria, tiopronin for cystinuria,  
and antibiotics when infection stones were suspect-
ed or documented. Regimens were individualized  
by the treating physician in line with contempora-
neous guideline recommendations. Adherence was 
assessed at each follow-up visit using patient re-
ports corroborated by prescription records.

Follow-up and definition of recurrence

Patients attended follow-up every 6 months.  
At each visit, urinalysis, relevant blood tests, 
plain abdominal radiography, and urinary ultra-
sonography were performed. Non-contrast com-

puted tomography was used if symptoms or imag-
ing suggested recurrence. Recurrence was defined  
as detection of a new stone ≥3 mm in diameter. Pa-
tients with marked non-adherence or missed follow-
up were excluded. This ≥3 mm operational thresh-
old was applied consistently (including exclusion  
of residual fragments ≥3 mm at postoperative month 
1) and was chosen to reduce misclassification relat-
ed to the sensitivity and measurement variability  
of US/KUB surveillance; sub-3 mm events may 
therefore be under-ascertained.

Statistical analysis

Normality was tested using the Shapiro-Wilk test. 
Continuous variables were reported as mean ± stan-
dard deviation or median (minimum-maximum),  
as appropriate. Group comparisons used Student’s 
t-test or the Mann-Whitney U test. Categorical vari-
ables were compared using chi-square or Fisher’s 
exact tests, as appropriate. For recurrence compari-
sons, effect sizes are reported as relative risk (RR) 
with 95% confidence intervals. No a priori power 
analysis was performed; the sample size reflected 
eligible consecutive patients. Analyses were per-
formed with SPSS 22.0 (IBM Corp., Armonk, NY, 
USA). Two-sided p <0.05 was considered statisti-
cally significant.

Bioethical standards

The study was conducted in accordance with  
the Declaration of Helsinki and was approved  
by the Gaziantep University Clinical Research Eth-
ics Committee (approval No. 2020/87; approval 
date: 26 February 2020). Written informed consent 
was obtained from all participants.

RESULTS

Sixty-four high-risk stone formers were included. 
Their mean age was 33.47 ±10.32 years and mean 
body mass index was 27.69 ±5.21 kg/m². Over-
all, 60.9% (n = 39) were male and 39.1% (n = 25) 
were female. Metabolic syndrome was present  
in 16 patients (25.0%). Mean follow-up was 24.5±8.6 
months (Table 1).
Stone analysis showed calcium oxalate as the most 
common composition (n = 44; 68.8%). Metabol-
ic evaluation identified ≥1 metabolic risk factor  
in 42 patients (65.6%); 22 patients (34.4%) had no 
abnormality. The most frequent abnormality was 
hypocitraturia (n = 34; 53.1%), followed by hyper-
oxaluria (n = 29; 45.3%), hypercalciuria (n = 25; 
39.1%), low urine pH (n = 18; 28.2%), cystinuria 
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(n = 9; 14.1%), low urine volume (n = 9; 14.1%), 
hypomagnesuria (n = 7; 10.9%), hyperuricosuria  
(n = 2; 3.1%), and hyperphosphaturia (n = 2; 3.1%) 
(Table 2).
Metabolic syndrome was more common among pa-
tients with metabolic risk factors (14/42; 33.3%) 
than among those without (2/22; 9.1%) (p = 0.033; 
Table 2A). Overall, 87.5% (14/16) of patients with 
metabolic syndrome had at least one metabolic risk 
factor.
During follow-up, recurrence occurred in 10 pa-
tients (15.6%). Among patients who experienced 
recurrence (n = 10), the time to recurrence was 
11.8 ±5.69 months (median 12.5 months; range 
4–19 months). Recurrence rates were 16.7% (7/42) 
in the targeted-therapy group and 13.6% (3/22)  
in the general-measures group, without a statisti-
cally significant difference (p = 0.749; RR 1.22,  
95% CI 0.35–4.27; Table 3). Mean time to recurrence 
was 11.71 ±5.59 months vs 12.0 ±7.21 months, 
respectively (p = 0.947). Recurrences clustered 
within the first 1–2 years; given the small number  
of events, between-group comparisons should be in-
terpreted as exploratory.

DISCUSSION

In this prospective single-center cohort of high-risk 
stone formers, metabolic abnormalities were fre-
quent (65.6%), with hypocitraturia being the most 
common (53.1%). During a mean follow-up of 24.5 
months, overall recurrence was 15.6%. Recurrence 
outcomes were similar between groups defined by 
metabolic evaluation (those receiving targeted thera-
py for detected abnormalities vs those managed with 
general preventive measures only), although the 
study was underpowered for definitive comparisons.
A rising prevalence of stone disease has been de-
scribed in various regions, with estimates between 
2% and 20% [1–4]. In high-risk cohorts, recurrence 
has been reported in 15%–44%, often within the first 
2 years [8, 17, 18]. Our recurrence rate and timing 
are consistent with this pattern and remain clinical-
ly relevant during early follow-up [6, 8, 17, 18].
Calcium oxalate predominated (68.8%), aligning 
with Li et al. (69.3%) [10] and with established epi-
demiologic data emphasizing calcium-containing 
stones [11].
In our cohort, metabolic syndrome was present  
in 25% of patients and was significantly associat-
ed with the presence of at least one metabolic risk 
factor. This supports careful assessment of cardio-
metabolic comorbidities when planning recurrence 
prevention in high-risk stone formers, alongside  
a structured metabolic work-up [12–16].

Hypocitraturia was the leading abnormality, consis-
tent with reports in recurrent stone formers [14–16].  
Given citrate’s inhibitory role in crystallization 

Table 1. Baseline demographic characteristics of the patients

Variable n Mean ±SD %

Age [years] 64 33.47 ±10.32 –

BMI [kg/m²] 64 27.69 ±5.21 –

Sex: Male 39 – 60.9

Sex: Female 25 – 39.1

Presence of metabolic syndrome 16 – 25.0

BMI – body mass index; n – number of patients; SD – standard deviation

Table 2. Relationship between metabolic risk factors  
and metabolic syndrome

A. Association between the presence of metabolic risk factors  
and metabolic syndrome

Metabolic risk 
factors present  

(n = 42)

Metabolic risk 
factors absent  

(n = 22)
p-value

Metabolic syndrome present 14 (33.3) 2 (9.1) 0.033*

Metabolic syndrome absent 28 (66.7) 20 (90.9) –

B. Distribution of metabolic risk factor types

Metabolic risk factor n (%)

Hypocitraturia 34 (53.1)

Hyperoxaluria 29 (45.3)

Hypercalciuria 25 (39.1)

Low urine pH 18 (28.2)

Cystinuria 9 (14.1)

Low urine volume 9 (14.1)

Hypomagnesuria 7 (10.9)

Hyperuricosuria 2 (3.1)

Hyperphosphaturia 2 (3.1)

*Statistically significant at p <0.05. χ2 test was used.

Table 3. Comparison of recurrence according to metabolic 
evaluation groups

All patients  
(n = 64)

Patients with 
metabolic 
risk factors 
receiving 
specific  
therapy  
(n = 42)

Patients without 
metabolic  
risk factors 
receiving  

non-specific 
therapy  
(n = 22)

Recurrence present 10 (15.6) 7 (16.7) 3 (13.6)

Recurrence absent 54 (84.4) 35 (83.3) 19 (86.4)

RR 1.22 (95% confidence interval 0.35–4.27). Statistical significance was set  
at p<0.05 (two-sided; χ2 test). 
CI – confidence interval; RR – relative risk
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rence. In addition, our operational recurrence defi-
nition required a newly detected stone ≥3 mm, which 
may further underestimate very small recurrences.

CONCLUSIONS

In high-risk stone formers followed for approxi-
mately 2 years, metabolic abnormalities were com-
mon – particularly hypocitraturia – supporting the 
clinical value of comprehensive metabolic evalua-
tion. Metabolic syndrome was frequent and signifi-
cantly associated with metabolic abnormalities, un-
derscoring the importance of integrating systemic 
cardiometabolic assessment into prevention strate-
gies. Recurrence occurred in 15.6% of patients and 
tended to arise within the first 1–2 years. Within 
the constraints of this underpowered, non-random-
ized cohort, recurrence rates were similar between 
groups defined by metabolic evaluation; these find-
ings should be interpreted as exploratory and may 
inform the design of adequately powered studies 
evaluating targeted metaphylaxis.
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and aggregation, this high prevalence has practical 
implications for risk stratification and treatment 
planning. Furthermore, real-world data highlight 
heterogeneity in preventive counseling and treat-
ment patterns [23].
Key limitations include the modest sample size and 
small number of recurrence events (n = 10), lim-
iting statistical power and precluding robust time-
to-event modeling. Given the small number of re-
currence events (n = 10), formal time-to-event 
analyses (Kaplan–Meier/Cox) would have limited 
interpretability and potentially unstable estimates; 
therefore, we report recurrence timing descriptive-
ly and emphasize that all between-group compari-
sons are exploratory. The non-randomized design 
and group definition by metabolic status (rather 
than randomized treatment assignment) allow re-
sidual confounding and confounding by indication 
(e.g., differences in intrinsic recurrence risk, stone 
burden, procedure type, or comorbidities). Follow-
up imaging relied on ultrasonography and radiog-
raphy, with computed tomography used selectively, 
which may underestimate small or asymptomatic 
recurrences. The targeted-therapy group was het-
erogeneous across disturbances and medications, 
preventing assessment of individual agents. Ad-
herence was assessed primarily by self-report  
and prescription records. Metabolic assessment 
relied on a single 24-hour urine collection despite 
known day-to-day variability and guideline rec-
ommendations for two collections in high-risk pa-
tients [9]. Larger multicenter studies, ideally ran-
domized and incorporating time-to-event methods  
and standardized imaging, are needed to quantify 
the impact of individualized prophylaxis on recur-

1.	 Stoller ML. Urinary stone disease.  
In: Tanagho E, McAninch J (eds.). Smith’s 
general urology. 16th ed. Prentice Hall 
International Inc., London 2004; 197-221.

2.	 Stamatelou KK, Francis ME, Jones CA, 
Nyberg LM, Curhan GC. Time trends  
in reported prevalence of kidney stones  
in the United States: 1976-1994.  
Kidney Int. 2003; 63: 1817-1823.

3.	 Lotan Y. Economics and cost of care  
of stone disease. Adv Chronic Kidney Dis. 
2009; 16: 5-10.

4.	 Uribarri J, Oh MS, Carroll HJ. The first 
kidney stone. Ann Intern Med. 1989;  
111: 1006-1009.

5.	 Parks JH, Coe FL, Evan AP, Worcester EM. 
Clinical and laboratory characteristics  

of calcium stone-formers with and without 
primary hyperparathyroidism.  
BJU Int. 2009; 103: 670-678.

6.	 Tiselius HG. Aetiological factors in stone 
formation. In: Davison AM, Cameron JS, 
Grunfeld JP, Kerr DN, Ritz E,  
Winearls CG (eds.). Oxford textbook 
of clinical nephrology. 3rd ed. Oxford 
University Press, Oxford 2005; 1201-1223.

7.	 Low RK, Stoller ML. Uric acid-related 
nephrolithiasis. Urol Clin North Am.  
1997; 24: 135-148.

8.	 Mavridis C, Bouchalakis A, Tsagkaraki V,  
Somani BK, Mamoulakis C, Tokas T. 
Recurrent urinary stone formers: imaging 
assessment and endoscopic treatment 
strategies-a systematic search and review. 
J Clin Med. 2024; 13: 3461.

9.	 Skolarikos A, Somani B, Neisius A, et al. 
Metabolic evaluation and recurrence 
prevention for urinary stone patients:  
an EAU guidelines update. Eur Urol. 2024; 
86: 343-363.

10.	 Li S, Iremashvili V, Vernez SL, et al.  
Effect of stone composition on surgical 
stone recurrence: single-center 
longitudinal analysis. Can J Urol.  
2021; 28: 10744-10749.

11.	 Coe FL, Evan A, Worcester E. Kidney  
stone disease. J Clin Invest. 2005; 115: 
2598-2608.

12.	 Huynh LM, Dianatnejad S, Tofani S, et al. 
Metabolic diagnoses of recurrent  
stone formers: temporal, geographic  
and gender differences. Scand J Urol. 
2020; 54: 456-462.

References



Central European Journal of Urology
398

13.	 Alberti KGMM, Eckel RH, Grundy SM,  
et al. Harmonizing the metabolic 
syndrome: a joint interim statement  
of the International Diabetes Federation 
Task Force on Epidemiology  
and Prevention; National Heart,  
Lung, and Blood Institute; American  
Heart Association; World Heart  
Federation; International Atherosclerosis 
Society; and International Association  
for the Study of Obesity. Circulation.  
2009; 120: 1640-1645.

14.	 Kumar R, Kapoor R, Mittal B, Kumar A,  
Mittal RD. Evaluation of urinary 
abnormalities in urolithiasis patients: 
a study from North India. Indian J Clin 
Biochem. 2003; 18: 209-215.

15.	 Kang HW, Seo SP, Ha YS, et al. 
Chronological trends in clinical  
and urinary metabolic features over  
20 years in Korean urolithiasis  
patients. J Korean Med Sci. 2017;  
32: 1496-1501.

16.	 Stitchantrakul W, Kochakarn W,  
Ruangraksa C, Domrongkitchaiporn S. 
Urinary risk factors for recurrent calcium 
stone formation in Thai stone formers.  
J Med Assoc Thai. 2007; 90: 688-698.

17.	 Marshall N, White RH, De Saintonge MC, 
Tresidder GC, Blandy JP. The natural  
history of renal and ureteric calculi.  
Br J Urol. 1975; 47: 117-124.

18.	 Johnson CM, Wilson DM, O’Fallon WM,  
Malek RS, Kurland LT. Renal stone 
epidemiology: a 25-year study  
in Rochester, Minnesota. Kidney Int.  
1979; 16: 624-631.

 19. Strauss AL, Coe FL, Parks JH. Formation 
of a single calcium stone of renal origin: 
clinical and laboratory characteristics of 
patients. Arch Intern Med. 1982; 142: 
504-507.

 20. Miano L, Petta S, Paradiso Galatioto G, 
Goldoni S, Tubaro A. A placebo controlled 

double-blind study of allopurinol  
in severe recurrent idiopathic renal 
lithiasis: preliminary results.  
In: Schwille PO, Smith LH, Robertson WG, 
Vahlensieck W (eds.). Urolithiasis  
and related clinical research. Plenum 
Press, New York 1985; 521-524.

21.	 Ettinger B, Tang A, Citron JT, Livermore B, 
Williams T. Randomized trial of allopurinol 
in the prevention of calcium oxalate 
calculi. N Engl J Med. 1986; 315:  
1386-1389.

22.	 Küpeli S, Soygür T, Akbay A, Canoğlu A.  
Üst üriner sistem kalsiyum okzalat 
taşlarının profilaksisinde potasyum  
sitratın etkinliğinin değerlendirilmesi.  
Turk J Urol. 2000; 26: 85-88. (Turkish).

23.	 Szymanski J, Rajwa P, Krajewski W, et al. 
Treatment patterns for urolithiasis  
and renal colic-like pain symptoms  
in Poland: The POLSTONE Study. Cent 
European J Urol. 2025; 78: 385-393. 


