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Abstract
Introduction: urinary stone disease recurs in up to two of every three patients 

within five years of the first episode, and treating the index stone does not modi-
fy that risk. Research on risk factors and research on preventive strategies have 
advanced separately, so neither resolves the clinician's decision at follow-up: 
which measure to prescribe to which patient.

Methods: narrative review based on a structured search of four databases 
(PubMed, Scopus, Web of Science, and SciELO), without date restriction, in stu-
dies published in English, Spanish, and Portuguese. The synthesis focused on 
prospective cohorts and randomized controlled trials with at least 50 participants 
(35 studies, 1977-2026).

Results: hydration adherence was protective in all five studies evaluating it 
(HR 0.32 per additional liter of urine output), the only factor with complete con-
cordance; hypercalciuria and hypocitraturia showed a majority but not unani-
mous association. Citrate, thiazides, and allopurinol were mostly favorable. Diet 
tailored to the metabolic profile reduced recurrence to 6%, versus 19% with 
generic diet, which in one trial was also associated with greater recurrence than 
hydration advice alone (RR 5.6).

Conclusion: preventive efficacy depends less on which intervention is chosen 
than on whether it matches the patient's metabolic profile; hydration, the only 
measure with consistently favourable evidence, is limited by adherence rather 
than by evidence.
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Resumen
Introducción: La litiasis urinaria recurre en hasta dos de cada tres pacientes 

en los cinco años posteriores al primer episodio, y el tratamiento del cálculo 
inicial no modifica dicho riesgo. La investigación sobre los factores de riesgo y 
la centrada en las estrategias preventivas han avanzado por separado; por ello, 
ninguna de ellas resuelve la duda del clínico durante el seguimiento: qué medida 
prescribir a cada paciente.

Métodos: Revisión narrativa basada en una búsqueda estructurada en cuatro 
bases de datos (PubMed, Scopus, Web of Science y SciELO), sin restricción de 
fecha, que incluyó estudios publicados en inglés, español y portugués. La sínte-
sis se centró en cohortes prospectivas y ensayos controlados aleatorizados con 
al menos 50 participantes (35 estudios, 1977-2026).

Resultados: La adherencia a una hidratación adecuada resultó ser un factor 
protector en los cinco estudios que la evaluaron (HR 0,32 por cada litro adicional 
de diuresis), siendo el único factor con una concordancia total; la hipercalciuria 
y la hipocitraturia mostraron una asociación mayoritaria, aunque no unánime. El 
uso de citrato, tiazidas y alopurinol resultó, en su mayoría, favorable. Una dieta 
adaptada al perfil metabólico redujo la recurrencia al 6 %, frente al 19 % observa-
do con una dieta genérica; en uno de los ensayos, esta última se asoció incluso 
a una mayor tasa de recurrencia que la simple recomendación de aumentar la 
hidratación (RR 5,6).

Conclusión: La eficacia de la prevención depende menos de la intervención 
elegida que de su adecuación al perfil metabólico del paciente. La hidratación, la 
única medida que cuenta con evidencia consistentemente favorable, se ve limi-
tada más por la falta de adherencia que por la propia evidencia.
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Introduction
Urinary stone disease is managed as an acute 

event but behaves as a chronic one: up to 67% 
of stone formers experience a symptomatic or 
radiographic recurrence within five years of their first 
episode (1). Clearing the index stone therefore does 
not close the clinical problem; it postpones it.

The evidence that should guide that follow-up has 
been built along two lines that are rarely read together. 
Observational studies have characterized which 
patients recur, through demographic, metabolic, 
dietary, and genetic factors. Clinical trials have 
evaluated which interventions reduce recurrence, 
with hydration, thiazides, citrate, allopurinol, 
and dietary modification. Two recent syntheses 
addressed each line separately: one quantified risk 
factors and the performance of predictive models (2); 
the other, a report from the Agency for Healthcare 
Research and Quality, evaluated the comparative 
effectiveness of preventive strategies (3). Neither 
answers the question the clinician faces at the 
follow-up visit: which of the available measures 
applies to this particular patient.

This narrative review integrates both lines within 
a single reading framework and derives from 
that integration an operational distinction: which 
measures apply to every stone former, and which 
show benefit only when metabolic assessment 
precedes prescription.

Methods
Search strategy. PubMed/MEDLINE, Scopus, 

Web of Science, and SciELO were searched. 
The strategy combined MeSH descriptors and 
their free-text equivalents, organized into three 
blocks joined with the AND operator, with the 
synonyms within each block joined by OR. 
The descriptors used were, for the population, 
"Urolithiasis"[MeSH] OR "Nephrolithiasis"[MeSH] OR 
"Kidney Calculi"[MeSH] OR "Urinary Calculi"[MeSH]; 
for the outcome, "Recurrence"[MeSH] OR 
"Secondary Prevention"[MeSH]; and for the 
exposure or intervention, "Risk Factors"[MeSH] OR 
"Hypercalciuria"[MeSH] OR "Drinking"[MeSH] OR "Fluid 
Therapy"[MeSH] OR "Hydrochlorothiazide"[MeSH] OR 
"Potassium Citrate"[MeSH] OR "Allopurinol"[MeSH] 
OR "Diet Therapy"[MeSH]. The same concepts 
were additionally searched as free text in title and 
abstract (Tiab field in PubMed, TITLE-ABS in Scopus, 
and TS in Web of Science) in order to also retrieve 
records not yet indexed, and with their Spanish and 
Portuguese equivalents in SciELO. No start-date 

restriction was applied and studies published in 
English, Spanish, and Portuguese were included. 
The complete search strategy for each database is 
provided as supplementary material.

Literature selection. The selection of the works 
discussed was deliberate and not exhaustive: the 
review focused on prospective cohorts for risk 
factors and on randomized controlled trials for 
preventive interventions, with a minimum sample 
size of 50 participants, in order to prioritize studies 
with greater precision in their estimates. Studies 
exclusively in paediatric populations and those 
centred on stone disease associated with kidney 
transplantation or congenital anomalies of the 
urinary tract were excluded. The discussion draws 
on 35 studies published between 1977 and 2026 (15 
prospective cohorts and 20 randomized trials), from 
each of which the design, sample size, exposure or 
intervention, comparator, and reported direction of 
effect were recorded; Tables I and II were built on 
that basis.

Results

Risk factors: an uneven consistency

The only factor evaluated without a single 
discordant result was urine volume and hydration 
adherence: all five studies measuring it found a 
protective effect (4-8). Each additional liter of urine 
output was associated with an HR of 0.32 (5), and 
reaching the prescribed hydration target with an 
OR of 0.68 (8). That unanimity coexists with an 
uncomfortable finding: recurrent stone formers 
do not increase their fluid intake despite repeated 
advice (7).

Urinary metabolic abnormalities showed a 
majority, though not unanimous, association. 
Hypercalciuria and higher urinary calcium excretion 
were associated with recurrence in five of the six 
studies evaluating them (5, 6, 8-10), with an OR of 
3.3 (9) and an HR of 1.12 per additional mmol/L (5); 
the remaining study found no significant association 
(11). Urinary citrate was protective in three of the four 
studies measuring it (4, 8, 12), with an OR of 0.93 per 
100 mg/day (8), and without association in the fourth 
(11). The relative supersaturation of calcium oxalate, 
which integrates both determinants into a single 
measure, was associated with recurrence in the two 
studies evaluating it, with an OR of up to 6.84 (4, 12).

Genetic burden behaved differently depending on 
how it was measured. Family history was associated 
with greater risk in the largest study on this factor 
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(OR 1.62; 95% CI 1.23-2.13) (13), whereas variant-
by-variant analysis proved heterogeneous and only a 
composite polygenic classifier predicted recurrence 
(14); an earlier, smaller study found no association 
with simple family history (11). Younger age, 
whether at onset or current, was associated with 
greater risk in the two studies evaluating it (10, 11). 
Composite risk models already available in clinical 
practice, such as the ROKS score (c-statistic 0.79) 
and the EAU/AUA high-risk criteria, confirmed their 
predictive value (1, 15).

Other factors were evaluated in a single study 
each: hyperuricaemia (OR 3.4) and vitamin D 
deficiency (OR 2.1) were associated with recurrence 
(16), as were elevated serum alkaline phosphatase 
(10) and medullary sponge kidney (HR 2.15; 95% 
CI 1.30-3.56) (5); in contrast, the serum biomarker 
dpucMGP showed no association (OR 1.10) (17). 
Table I orders these factors by the concordance of 
the evidence supporting them.

Review article: Urology

Table I. Factors associated with urinary stone recurrence, ordered by concordance of the evidence.

Source: Prepared by the authors based on the studies included in the review.

Preventive interventions: efficacy conditional on 
the indication

Alkaline citrate (potassium, potassium-
magnesium, or sodium-potassium) was favourable 
in three of the six comparisons evaluating it (18-20), 
with an HR of 0.24 (18) and an RR of 0.10 (20); in the 
remaining three no difference was observed against 
the comparator (21-23), including one in which the 
active comparator, hydrochlorothiazide, proved 

equally effective (21). No study found it inferior or 
harmful.

Thiazides (hydrochlorothiazide, chlorthalidone, 
and indapamide) were favourable in three of the 
five comparisons evaluable for recurrence (24-26), 
with expulsion of residual stone material of 72% 
versus 36% for the comparator (24). Of the two 
remaining comparisons, one showed no difference 
against placebo (27) and the other pitted two 
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thiazides against each other without finding either 
superior (28), which points to a class effect rather 
than a molecule-specific one. An additional trial of 
the same pharmacological group evaluated bone 
mineral density rather than stone recurrence, and 
therefore does not contribute to this synthesis (29).

Allopurinol was favourable in the two trials 
evaluating it (30, 31), with a reduction in stone 
events of 81.2% versus 63.4% for the comparator 
relative to pretreatment (30); the benefit, however, 
was not sustained at five-year follow-up in the older 
study (31).

Dietary modification concentrated all the 
heterogeneity of the corpus (32-36), and 

disaggregating it reveals the most relevant pattern 
of this review: what distinguished effective from 
ineffective interventions was not the content of the 
diet, but whether it had been tailored to the patient's 
metabolic disorder. When the dietary prescription 
followed a complete metabolic assessment, 
recurrence fell to 6%, versus 19% for a generic diet 
applied uniformly to all patients (34). Without that prior 
assessment, the same family of recommendations, 
low in animal protein and high in fibre, provided no 
benefit over the usual diet (33) and, in a second trial, 
was associated with significantly greater recurrence 
than its comparator, which consisted solely of 
increasing fluid intake and maintaining adequate 
calcium intake (RR 5.6; 95% CI 1.2-26.1) (35). The two 

Urinary stone recurrence, risk factors and individualized prevention: a narrative review

Table II. Strategies for preventing recurrence, disaggregated by intervention and comparator.

Source: Prepared by the authors based on the studies included in the review.
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remaining comparisons evaluated isolated dietary 
measures rather than complete diets: avoiding 
sugar-sweetened soft drinks proved favourable 
against usual consumption (36), whereas adding 
lemon juice to the standard diet did not reduce 
recurrence in the methodologically most robust trial 
of the corpus (randomized, pragmatic, with blinded 
endpoint assessment), although a post hoc analysis 
at one year favoured the intervention (32).

One trial directly evaluated forced hydration and 
verapamil against no treatment after lithotripsy: 
forced hydration reduced new stone formation 
to 8.3%, versus 40-55% without treatment, and 
verapamil favoured clearance of residual fragments 
(37). This is the point at which the intervention 
evidence coincides with the observational evidence. 
Table II disaggregates each intervention by its 
comparator and the balance of its comparisons.

Where the two lines converge

Superimposing the two bodies of literature brings 
out two readings that neither offers on its own. The 
first is a coincidence: hydration is simultaneously 
the most consistent observational factor (4-8) and 
an effective intervention when delivered under 
supervision (37), so both lines reinforce each other 
at the same point. The second is a contrast: the 
category with the most scattered evidence, generic 
dietary modification, is also the one most liberally 
recommended at discharge, and it is the only one 
concentrating a finding of potential harm (35). 
Figure 1 places that integration on its biological 
substrate: the urinary determinants that converge 
on supersaturation and the point at which each 
evaluated intervention acts.

Review article: Urology

Figure 1. Urinary determinants of urinary stone recurrence and site of action of the evaluated preven-
tive interventions. The magnification represents the lumen of a collecting duct with calcium oxala-
te crystals forming. Above each determinant, the abnormality associated with recurrence and the 

intervention that corrects it are indicated. Constitutional factors and predictive models are detailed in 
Table I. Source: Prepared by the authors.
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Figure 2 brings both lines together on the patient: 
on one side, the determinants and interventions 
associated with lower recurrence; on the other, the 

factors that favour it and the only intervention with a 
signal of harm. It orders the evidence reviewed and 
does not replace current clinical practice guidelines.

Figure 2. Balance of determinants and interventions in urinary stone recurrence: on the left those as-
sociated with lower recurrence, on the right those associated with higher recurrence. 

Source: Prepared by the authors.

Discussion
The most robust finding of this review is also 

the most elementary: among all determinants 
evaluated, only hydration adherence showed 
complete concordance across studies (HR 
0.32 per additional liter of urine output). The 
remaining metabolic factors, hypercalciuria 
and hypocitraturia, retain a majority but not 
unanimous association, and genetic burden 
behaves predictably only when aggregated into 
polygenic scores rather than isolated variants (14). 
This gradient matches the most recent quantitative 
synthesis on the topic (2), which identified age, 
family history, and metabolic comorbidities as 
independent predictors, although with modest 
discriminative performance when combined into 
predictive models (area under the curve 0.69-
0.71): no single factor, nor their sum, fully explains 

individual risk. One detail of the corpus tempers 
that apparent inconsistency: the discordant study 
for hypercalciuria, for urinary citrate, and for family 
history is always the same one (11), a cohort of 
patients followed after a first stone episode. The 
discordance concentrates in a single work rather 
than being spread across independent studies, 
so the evidence on metabolic determinants is 
more homogeneous than the count of concordant 
studies suggests.

Hydration warrants separate treatment, because 
in its case the evidence and clinical practice point 
in opposite directions. It is the best-supported 
measure across both lines reviewed: the only 
factor with complete concordance among the 
cohorts (4-8) and, delivered as a protocol-driven 
intervention within a trial, it reduced new stone 
formation to 8.3% versus 40-55% in the untreated 
group (37). Against that support, one of the cohorts 
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documents that recurrent stone formers do not 
increase their fluid intake despite repeated advice 
(7). The obstacle therefore lies not in the evidence 
but in adherence to it, and it differs in kind from 
the one affecting the other interventions: citrate, 
thiazides, and allopurinol raise the question of 
whom to prescribe them to; hydration raises that 
of sustaining over time a behaviour the patient 
already knows.

In prevention, the axis of the finding is not which 
intervention works best, but to whom it is directed. 
That match matters because the interventions are 
not interchangeable: they act on different urinary 
determinants. Thiazides and alkaline citrate both 
reduce urinary calcium excretion, and citrate 
additionally raises citraturia more than thiazide 
does (21); allopurinol demonstrated its benefit 
in stone formers with hyperuricosuria (30); and 
hydration acts on urine volume (5). All converge 
on the relative supersaturation of calcium oxalate, 
which is calculated from 24-hour urine composition 
and whose reduction is associated with lower 
recurrence risk (12). The head-to-head comparison 
between diet individualized by metabolic profile 
and generic diet, with recurrence of 6% versus 
19% (34), suggests that the decisive variable is 
the match between the detected abnormality and 
the prescribed measure, rather than the nature of 
the measure itself. The comparative effectiveness 
review of the Agency for Healthcare Research 
and Quality reached a compatible conclusion (3): 
increased fluid intake, a diet with normal-to-high 
calcium and low protein and sodium, thiazides, 
alkali treatment, and allopurinol may reduce 
recurrence in adults with calcium oxalate or 
phosphate stones, but with certainty of evidence 
rated as low.

That limited certainty has a historical rather 
than a methodological explanation. Much of the 
available trial evidence comes from the 1980s and 
1990s, a period preceding the standardization of 
prospective registration, intention-to-treat analysis, 
and blinded outcome assessment. The direction 
of effect is favourable in most cases, but the 
confidence that can be placed in the magnitude of 
those estimates is lower than would be required 
today. Against that background, the single trial 
reporting potential harm acquires relevance 
(35): a low-animal-protein, high-fibre diet was 
associated with significantly greater recurrence 
than advice to increase fluid intake and maintain 
adequate calcium intake (RR 5.6; 95% CI 1.2-26.1). 
An isolated result does not invalidate an entire 
category of intervention, but it does preclude 
generalizing dietary recommendations without 
knowing the patient's metabolic profile.

The contribution of this review lies not in new 
data but in reading together two bodies of literature 
that are usually consulted separately. That reading 
yields a concrete practical consequence: the best-
supported measure, hydration, requires no prior 
metabolic workup and does require an explicit 
adherence strategy, whereas pharmacological 
and dietary interventions show benefit only when 
metabolic assessment precedes prescription. 
Reversing that order, which is what happens when 
a generic dietary recommendation is handed over 
at discharge, may explain part of the discordance 
observed across the trials reviewed.

Conclusion
Effective prevention of urinary stone recurrence 

depends less on which intervention is chosen 
than on whether that intervention matches the 
patient's metabolic profile; hydration, the only 
measure with consistently favourable evidence 
and applicable without prior workup, is limited by 
adherence rather than by evidence.

Limitations
The scope of this review is bounded by 

the selection criterion described: the works 
discussed do not represent the entirety of the 
published literature on stone recurrence, but its 
methodologically strongest subset. No formal risk-
of-bias assessment of each study nor quantitative 
synthesis was performed, so the figures cited 
correspond to the estimates of the original studies 
and not to pooled estimators. Heterogeneity in 
recurrence definitions (symptomatic, radiographic, 
or by residual fragment growth), follow-up periods, 
and populations limits direct comparability across 
studies. Finally, several preventive trials predate 
current reporting standards, which reduces 
confidence in the magnitude of their estimates 
although not in the direction of their findings.
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