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Background: Recurrent kidney stones are unpleasant
and may lead to kidney damage, sepsis, or invasive
procedures.

Purpose: To assess benefits and harms of diet, phar-
macologic therapy, and surveillance imaging to pre-
vent recurrent nephrolithiasis.

Data Sources: PubMed, Cochrane Library, and trial
registries through December 2025.

Study Selection: Randomized controlled trials (RCTs)
or nonrandomized studies of interventions (NRSIs)
in nonpregnant adults or children.

Data Extraction: One reviewer extracted data, and a
second reviewer checked for accuracy. Dual inde-
pendent assessments of risk of bias and strength
of evidence (SOE) were done.

Data Synthesis: Among 31 studies (26 RCTs and 5
NRSIs), none evaluated imaging strategies. All but
3 included adults only. For adults with calcium oxalate
or phosphate stones, increased water intake; a diet
with normal to high calcium, low protein, and low
sodium; thiazides; alkali treatment; and allopurinol
may reduce stone recurrence (low SOE). There may
be no difference between selective and empirical
pharmacotherapy (low SOE). Acetohydroxamic acid

may reduce stone growth in adults with infection-
related stones (low SOE) but had insufficient
evidence on prevention of recurrent stones and
probably increased adverse events (moderate SOE).
There may be increased minor adverse events with
lemon juice but no increased harm due to serious
adverse events with thiazides and allopurinol (low
SOE).

Limitation: Studies not published in English or with
fewer than 30 participants per group were excluded.

Conclusion: Increased fluid intake; a diet with normal
to high calcium, low protein, and low sodium; thia-
zides; alkali therapy; and allopurinol may prevent
stone recurrence in adults with calcium oxalate or cal-
cium phosphate stones. Evidence is limited on other
interventions, including imaging strategies, in children
and on harms and other outcomes.

Primary Funding Source: Patient-Centered Outcomes
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Research and Quality (contract no. 75Q80120D00007/
75Q80124F32010). (PROSPERO: CRD42024617257)
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N ephrolithiasis (kidney stones) commonly affects
children and adults. Stones typically form due to

low urine volume; abnormal urine pH; or abnormal
levels of urinary calcium, uric acid, oxalate, or citrate
(1). Some stones cause no symptoms and are found
incidentally during imaging. Symptomatic stones of-
ten cause severe pain, gross hematuria, nausea, and
vomiting. Large stones rarely pass without treatment
and often require interventions such as shockwave
lithotripsy; endoscopic procedures; or, in rare cases,
surgery. A stone blocking urine flow can lead to kid-
ney damage and sepsis if not treated promptly.
Adults face a 25% risk for recurrence within 5 years af-
ter a first stone, whereas those with previous stones
have a 50% risk for recurrence (2, 3). Children may
have up to a 75% risk for recurrence (4, 5).

This review aimed to synthesize evidence about the
benefits and harms of diet, pharmacotherapy, and imag-
ing surveillance strategies to prevent stone recurrence.

METHODS

We used guidance from the Agency for Healthcare
Research and Quality (AHRQ) Methods Guide for

Effectiveness and Comparative Effectiveness Reviews
(6). We registered the review protocol on PROSPERO
(CRD42024617257) and reported the review using the
PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) 2020 statement (7). The
protocol and the full evidence report are available on
the Effective Health Care Program website (8). This
review included the following questions related to
the prevention of recurrent nephrolithiasis in non-
pregnant adults and children:
• What are the comparative effectiveness and harms of

diet or pharmacotherapy?
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• What are the comparative effectiveness and harms of
surveillance imaging strategies?
For the first question, we looked for evidence about

whether benefits or harms varied by stone composition,
diet assessment, blood or urine chemistry, or genetic
testing performed before or after treatment was started.
The first question was an update of a 2012 review on
this topic (9).

Data Sources and Searches
We searched MEDLINE via PubMed, the Cochrane

Library, and theWorld Health Organization International
Clinical Trials Registry Platform through December
2025. The search for benefits and harms of preven-
tive treatments was limited to studies published in
2011 or later, although studies included in the prior
report on this topic were also assessed for inclusion.
The search pertaining to imaging surveillance was lim-
ited to studies published in 2000 or later. The complete
search strategy is provided in Supplement Tables 1 to
12 (available at Annals.org).

Study Selection
Complete study selection criteria are shown in

Supplement Tables 13 and 14 (available at Annals.
org). Briefly, randomized controlled trials (RCTs) eval-
uating diets, dietary supplements, medications, or
imaging surveillance strategies (such as radiography,
computed tomography, or ultrasonography) in non-
pregnant adults or children with a history of nephroli-
thiasis were eligible for inclusion. Eligible comparators
included active preventive treatments or imaging strat-
egies, placebo, usual diet, or no intervention. When
RCT evidence for a given comparison was unavailable,
we considered nonrandomized studies of interven-
tions (NRSIs). Eligible outcomes included new sympto-
matic or radiographic stones, stone growth, urinary
tract obstruction or infection, end-stage renal disease,
stone-removal procedures and related morbidity,
emergency department visits and hospitalizations,
quality of life, missed school or work, and a range
of harm outcomes. For effectiveness outcomes, we
required interventions of at least 12 months' duration
for consistency with the prior report (9). We excluded
studies not published in English and those conducted
in countries categorized below very high on the United
Nations Human Development Index (10), as well as
studies with fewer than 30 participants per study group.

Reviewers were paired to independently review
titles and abstracts retrieved from the search; citations
excluded by both reviewers did not advance. We used
the artificial intelligence feature in DistillerSR as a sec-
ond reviewer when the citation rank scores of the
remaining titles and abstracts consistently fell below
0.20. Two reviewers independently reviewed full-text
articles; articles excluded by both reviewers were not
considered further. We rescreened all studies included
in the prior review to assess eligibility against criteria
for this update.

Data Extraction and Quality Assessment
A single reviewer abstracted data from included

studies using structured forms in DistillerSR (11). A
second reviewer checked all abstracted data for accu-
racy. We calculated relative risks (RRs) and absolute
risk differences (ARDs) per 1000 participants treated
using established methods (12) within RStudio, version
2023.06.0, build 421 (Posit Software) (13). We used the
Cochrane Risk of Bias 2 instrument (14) to assess risk of
bias (ROB) for RCTs (with ratings of low ROB, some
concerns, or high ROB), and we used ROBINS-I (Risk
Of Bias In Non-randomised Studies – of Interventions),
version 2 (15), to assess NRSIs (with ratings of low,
moderate, serious, or critical ROB). Two reviewers in-
dependently assessed ROB for each study, and dis-
agreements were adjudicated through discussion or
a third reviewer. Studies were not excluded on the
basis of ROB ratings.

Data Synthesis and Analysis
We summarized the cumulative evidence by inter-

vention, including eligible studies from the prior review.
When at least 2 trials with similar populations, interven-
tions, and comparators reported similar outcomes, we
conducted quantitative synthesis using random-effects
models with the DerSimonian–Laird estimator (16)
for between-study variance and the standard normal
approximation to calculate confidence intervals using
the meta package in R (17, 18). We conducted addi-
tional meta-analyses using alternative estimators as a
sensitivity analysis. We assessed statistical heterogene-
ity with the I2 statistic (12, 19).

We used guidance and definitions from the AHRQ
Evidence-based Practice Center program to assess
the strength of evidence (SOE), with consideration of
consistency, precision, directness, study limitations
(ROB), and reporting bias (6, 20). Two reviewers in-
dependently assessed SOE, and discrepancies were
resolved through discussion. For consistency, we consid-
ered the direction and magnitude of relative effects,
whether inconsistencies could be explained, and the
I2 statistic (for pooled estimates). For precision, we used
the minimally contextualized approach described by the
GRADE (Grading of Recommendations Assessment,
Development and Evaluation) Working Group (21) and
considered the smallest important effect to be an ARD
of 50 events per 1000 persons treated. We used a
smaller threshold (5 events per 1000 persons treated)
for serious adverse events. Point estimates below these
thresholds were considered evidence of trivial or no
effect; estimates above these thresholds were consid-
ered evidence of at least a small effect.

Use of Artificial Intelligence and/orMachine
Learning

We used the artificial intelligence prioritization
feature in DistillerSR to prioritize titles, abstracts, and
full-text articles for screening and as the second title or
abstract reviewer when the highest remaining citation
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rank score was consistently less than 0.20 (indicating a
low likelihood of eligibility). We used 1 or more large-
language models as an editorial assistant to help
improve the clarity or succinctness of text originally
drafted by our review team.

Role of the Funding Source
The American Urological Association (AUA) nom-

inated the review topic to the Patient-Centered
Outcomes Research Institute (PCORI), which com-
missioned the review from AHRQ. Representatives
from AHRQ and PCORI provided technical assistance
and comments on draft versions of the full evidence
report. Representatives from AUA, PCORI, and AHRQ
did not directly participate in the literature search,
determination of study eligibility criteria, data analy-
sis or interpretation, or preparation or approval of
the manuscript for publication.

RESULTS

We identified 9209 unique records for screening
(Supplement Figure, available at Annals.org) and
included 31 studies (in 33 publications) reporting on
the effectiveness or harms of preventive therapy with
diet, dietary supplements, or pharmacologic agents.
Twenty-six studies were RCTs (4477 participants) (22–
48), and 5 were NRSIs (25623 participants) (49–54).
Fifteen studies (in 17 publications) were new to this
update (24, 34, 37, 39, 42, 44–54), and the rest were
included from the prior review (9). We did not iden-
tify any studies reporting on effectiveness or harms of
surveillance imaging strategies.

Characteristics of included studies are presented
in Appendix Table 1 (available at Annals.org). About
half were conducted in the United States, and the rest
were conducted in Europe or Asia. Authors reported
various enrollment sites, including urology departments,
stone clinics, nephrology departments, and primary care
settings; 3 studies (50–52, 54) were based on insurance
claims data. Twenty-one studies were conducted in
patients with calcium oxalate or calcium phosphate
stones, 5 studies did not report stone types, 2 studies
enrolled patients with infection-induced stones, 2 stud-
ies enrolled patients with more than 1 stone type, and
1 study included patients with mixed calcium and uric
acid stones. We identified 1 RCT (45) and 1 NRSI of ci-
trate therapy in children (49); a substudy of an included
NRSI reported a subgroup analysis of children (52). All
other studies included only adult populations.

Many studies included cointerventions, such as
advice to increase fluid intake or dietary guidance for
all study participants, which were applied to both study
groups (Appendix Table 1). Studies reported varying
definitions of stone recurrence, including symptomatic
recurrence, radiographic recurrence, or a composite
outcome reflecting either symptomatic or radiographic
recurrence. Most studies reporting benefit outcomes
were assessed as having high or serious ROB, whereas

5 studies had some concerns about ROB and only 2
studies were assessed as having low ROB. The ROB rat-
ings for harm outcomes were similar. Detailed ROB rat-
ings are provided in Supplement Tables 15 to 28
(available at Annals.org). Detailed SOE assessments
are shown in Supplement Tables 29 to 42 (available at
Annals.org). Findings for outcomes with insufficient
SOE are summarized in Supplement Tables 43 to 45
(available at Annals.org).

Selective vs. Empirical Preventive Treatment
Two studies (in 3 publications) evaluated the effect

of tailoring preventive treatment based on 24-hour urine
testing (Appendix Table 1). One RCT (36) (n¼ 207) pro-
vided insufficient evidence on tailored dietary recom-
mendations based on 24-hour urine findings because of
serious study limitations and imprecision (Supplement
Table 43). One NRSI based on claims data (n ¼ 10125)
provided low SOE for a similar incidence of symptomatic
stone events (12%) between persons diagnosed with
kidney stones who did or did not have 24-hour urine
testing before receiving thiazides, alkali therapy, or allo-
purinol (adjusted hazard ratio, 0.97 [95% CI, 0.84 to
1.12]) (Table 1) (51).

Dietary Interventions
Seven RCTs evaluated dietary interventions, includ-

ing water intake, soft drink intake, and nutritional recom-
mendations with or without dietary supplements (22, 23,
26, 27, 34, 35, 40). No studies were sufficiently similar to
allow for pooling of results. All studies except one (34)
were included in the prior review (9).

One RCT with high ROB (22) provided low SOE
that advice to increase water intake to achieve a urine
volume of at least 2 L/d in persons with calcium oxa-
late or phosphate stones reduced composite stone
recurrence compared with no treatment (calculated
ARD, 148 fewer with recurrence per 1000 participants
[CI, 205 to 43 fewer]) (Table 2). One RCT with some
concerns about bias (23) provided low SOE that a diet
with normal to high calcium, low protein, and low so-
dium reduced composite stone recurrence compared
with a low-calcium diet in men with idiopathic hyper-
calciuria and recurrent calcium oxalate stones (calcu-
lated ARD per 1000 participants, 183 fewer [CI, 273 to
19 fewer]).

Evidence for other dietary interventions, such as
intake of low-mineral water (26), reduced soft drink
consumption (40), and low-protein diets in combina-
tion with other dietary components (such as dairy or
fiber) and increased fluid intake (27, 35), was insuffi-
cient (Supplement Table 44), typically because of impre-
cision in effect estimates and serious study limitations.

Pharmacologic Interventions
We included 23 studies (17 RCTs and 6 NRSIs) of

pharmacologic interventions (24, 28–33, 37–39, 41–
51, 53, 54), including thiazides, alkalizing agents
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(citrate salts or citric acid), uric acid–lowering medica-
tions, acetohydroxamic acid (AHA), and reloxaliase (a
recombinant oxalate decarboxylase enzyme).

In the pediatric population, 1 RCT (45) and 1 NRSI
(49) provided insufficient evidence for citrate therapy
because of serious study limitations and imprecision
(Supplement Table 44). In addition, a subgroup analy-
sis of children in an NRSI provided insufficient evidence
for selective treatment with thiazides, alkali therapy, or
allopurinol based on 24-hour urine testing (52).

For adults, 4 interventions (thiazides, alkali therapy,
allopurinol, and AHA) had at least a small benefit that
was graded as low SOE for at least 1 effectiveness out-
come (Table 3), with insufficient evidence on other
effectiveness outcomes (Supplement Table 44).

Thiazide diuretics compared with either placebo
or no treatment may have at least a small benefit for
composite stone recurrence or regrowth at 3 years
(low SOE). The calculated ARD across 3 RCTs (1 with
low ROB and 2 with high ROB) had high heterogeneity
(I2¼ 81.3%) (Figure). The study with low ROB (24) found
40 fewer composite stone recurrences per 1000 partici-
pants (CI, 136 fewer to 75 more) and 119 fewer radio-
graphic stone recurrences per 1000 participants (CI,
203 to 11 fewer) at 3 years among adults with at least
2 stone episodes where at least 50% of the stone was
calcium oxalate, calcium phosphate, or both (Table 3).
Two RCTs provided insufficient evidence on sympto-
matic stone recurrence due to inconsistency and
imprecision (Supplement Table 44). One RCT pro-
vided low SOE for no serious adverse events at 3 years
(ARD, 119 fewer per 1000 participants [CI, 175 to
37 fewer]) (24) (Table 3).

Alkali therapy with either citrate salts or lemon
juice may have a benefit (low SOE) compared with
placebo or no treatment for composite stone recur-
rence or growth at 1 to 3 years in adults with stones
composed of at least 50% calcium oxalate (citrate
salts: calculated ARD, 333 fewer per 1000 adults [CI,
408 to 70 fewer] in 3 RCTs with high ROB and 1 with
some concerns [Appendix Figure 1, available at

Annals.org]; lemon juice: calculated ARD, 101 fewer
per 1000 adults [CI, 180 fewer to 28 more] in 1 RCT
with some concerns). Studies provided insufficient
evidence on symptomatic or radiographic stone recur-
rence or emergency department visits, hospitalization,
or surgery. Two RCTs with some concerns about bias
provided low SOE for at least a small harm with lemon
juice (calculated ARD, 116 more per 1000 persons [CI,
19 fewer to 286 more]) (Table 3). Other studies of alkali
interventions found no or insufficient evidence on
harms, adverse effects, or serious adverse effects.

Two RCTs (1 with high ROB and 1 with some con-
cerns) provided low SOE that allopurinol may have a
benefit for composite stone recurrence or regrowth at
6 to 36 months in adults with at least 1 predominantly
calcium oxalate stone (calculated ARD, 265 fewer per
1000 adults [CI, 371 to 119 fewer]; Appendix Figure 2,
available at Annals.org). There was insufficient evi-
dence on symptomatic or radiographic stone recur-
rence (1 RCT with some concerns about bias) and on
emergency department visits, hospitalization, or surgery
(1 NRSI). Two RCTs with some concerns about bias pro-
vided low SOE of no or trivial adverse events with
allopurinol at 6 months to 3 years (calculated ARD,
8 fewer per 1000 persons [CI, 1117 fewer to 152 more];
Appendix Figure 3, available at Annals.org).

Finally, 2 RCTs with high ROB provided low SOE
that AHA had benefit compared with placebo on stone
growth at 18 to 24 months but insufficient evidence on
radiographic stone recurrence in adults with infection-
related stones andmoderate SOE for increased adverse
events (Table 3).

Evidence on other interventions, including febuxostat,
reloxaliase, magnesium, and head-to-head comparisons,
was graded as insufficient for various stone recurrence
outcomes and harms (Supplement Table 44).

DISCUSSION

This update review included 31 studies on the
benefits or harms of diet or pharmacologic preventive

Table 1. Findings From Studies of Tailored Compared With Empirical Therapy

Intervention and
Comparator

Outcome Studies; Participants
Analyzed; ROB

Findings Strength of Evidence

Tailored diet based on
metabolic testing at
baseline vs. general
advice

Composite recurrence (symp-
tomatic or radiographic re-
currence or growth) at 3 y

1 RCT (36); n ¼ 207; high – Insufficient*†‡

Selective vs. empirical
pharmacologic
treatment

ED visit, hospitalization, or sur-
gery based on claims data at
2 y (main analysis) and 1.5 y
(substudy)

1 NRSI (51, 52); n ¼ 10125
(main analysis) and 8369
(substudy); serious

Main analysis: Adjusted HR, 0.97
(95% CI, 0.84 to 1.12); unad-
justed calculated§ ARD per
1000 persons, 0 more/fewer
(CI, 13 fewer to 14 more)

Low*† for trivial to no effect
(main analysis)

Insufficient*†‡ (subgroups
in substudy)

ARD ¼ absolute risk difference; ED ¼ emergency department; HR ¼ hazard ratio; NRSI ¼ nonrandomized study of intervention; RCT ¼ randomized
controlled trial; ROB ¼ risk of bias.
* Downgraded for study limitations.
† Downgraded for consistency.
‡ Downgraded for imprecision.
§ Unadjusted calculated risks were based on reported unadjusted proportions of study participants with and without the study outcome.
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therapy, including 15 new studies from a prior review
of this topic (9). This update searched for and found
3 studies (45, 49, 52) in children, although they pro-
vided insufficient evidence due to serious study limita-
tions. Overall, effect estimates of at least a small benefit
for thiazides, citrates as alkali therapy, and allopurinol
did not change appreciably between the prior and cur-
rent reports. This update also found a small benefit but
also a small harm with lemon juice as alkali therapy and
insufficient evidence for febuxostat, a uric acid–lowering
agent. Most of these interventions were studied in
patients with predominantly calcium oxalate or calcium
phosphate stones. The main exceptions were in studies
on AHA, which were conducted in adults with infection-
related stones. Although AHA may have a small benefit
for reducing stone growth, evidence was insufficient to
evaluate its effectiveness in preventing recurrent stones,
and it probably increases adverse events.

There were several changes in SOE grades, typi-
cally downgrading, compared with the prior report
(Appendix Table 2, available at Annals.org). Changes
in SOE grades were largely due to updated methods
for evaluating ROB and SOE.We deemed 3 as material
changes that could result in new conclusions. Three di-
etary interventions that were rated as having low SOE

for various stone recurrence outcomes in the prior
report were downgraded in this report to insufficient
SOE: advice to reduce soft drink intake versus no inter-
vention (1 RCT [40]), multicomponent diet (low-protein,
high-fiber diet) versus no intervention (1 RCT [35]), and
tailored diet based on metabolic testing at baseline ver-
sus general dietary advice (1 RCT [36]). Reassessment of
the study limitations with current ROB tools resulted in
high ROB ratings which, combined with concerns about
imprecision, led to insufficient SOE grades.

In addition, 3 pharmacologic interventions were
downgraded from moderate SOE for benefit to low
SOE for at least a small benefit on composite stone re-
currence outcomes: thiazide versus placebo or control
(3 RCTs [24, 28, 31]), citrate salts versus placebo or no
treatment (4 RCTs [29, 31, 38, 43]), and allopurinol
versus placebo (2 RCTs [30, 41]). These SOE changes
were due to concerns about ROB, imprecision, and
inconsistency. Although evidence on thiazides, citrates,
and allopurinol may still support their use to prevent
recurrent stones, our reevaluation of that evidence sug-
gests that confidence in the magnitude of their effects
should be tempered. A grade of low SOE suggests
that future studies of these interventions may alter our
understanding of how well these interventions work.

Table 2. Summary of Findings and Strength of Evidence for Dietary Interventions

Intervention and
Comparator

Outcome Studies; Participants
Analyzed; ROB

Findings Strength of
Evidence

Increased water intake vs. no
treatment

Composite stone recurrence at
5-y follow-up

1 RCT (22); n ¼ 199; high RR*, 0.45 (95% CI, 0.24 to
0.84)

ARD per 1000 persons*,
148 fewer (CI, 205 to 43
fewer)

Low†‡ for at least a
small benefit

Normal- to high-calcium, low-
protein, low-sodium diet
vs. low-calcium diet

Composite recurrence (symp-
tomatic or radiographic) at
5-y follow-up

1 RCT (23); n ¼ 120; some
concerns

RR*, 0.52 (CI, 0.29 to 0.95)
ARD per 1000 persons, 183

fewer (CI, 273 to 19
fewer)

Low†‡ for at least a
small benefit

Increased oligomineral water
intake vs. increased tap
water intake

Radiographic stone recurrence
at 19-mo follow-up

1 RCT (26); n ¼ 384; high – Insufficient†‡§

Advice to reduce soft drink
intake vs. no intervention

Symptomatic stone recurrence
at 3 y

1 RCT (40); n ¼ 1009; high – Insufficient†‡§

Advice to reduce soft drink
intake vs. no intervention

Serious adverse events at 3 y 1 RCT (40); n ¼ 1009; high – Insufficient†‡§

Low animal protein and con-
trolled dairy intake vs.
usual diet

Composite recurrence (symp-
tomatic or radiographic) at
2- to 4-y follow-up

1 RCT (27); n ¼ 70 at 2 y
and 46 at 4 y; high

– Insufficient†‡§

Low animal protein and con-
trolled dairy intake vs.
high-fiber diet

Composite recurrence (symp-
tomatic or radiographic) at
2- to 4-y follow-up

1 RCT (27); n ¼ 77 at 2 y
and 50 at 4 y; high

– Insufficient†‡§

High-fiber diet vs. usual diet Composite recurrence (symp-
tomatic or radiographic) at
2- to 4-y follow-up

1 RCT (27); n ¼ 77 at 2 y
and 50 at 4 y; high

– Insufficient†‡§

Low-protein, high-fiber diet
vs. no intervention

Composite recurrence (symp-
tomatic or radiographic) at
4.5-y follow-up

1 RCT (35); n ¼ 99; high – Insufficient†‡§

Low-oxalate diet vs. vitamin B6/
magnesium vs. combination

Serious adverse events 1 RCT (34); n ¼ 99; high – Insufficient†‡§

ARD ¼ absolute risk difference; RCT ¼ randomized controlled trial; ROB ¼ risk of bias; RR ¼ risk ratio.
* Effect measures calculated based on data reported by authors.
† Downgraded for consistency.
‡ Downgraded for imprecision; in some cases, outcomes were downgraded 2 or 3 levels depending on the degree of imprecision.
§ Downgraded for study limitations.
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Table 3. Summary of Findings and Strength of Evidence for Pharmacologic Interventions

Intervention and Comparator Outcome Studies; Participants
Analyzed; ROB

Findings Strength of Evidence

Children
Citrate vs. no citrate Radiographic stone recur-

rence or growth at 2 y
1 RCT (45); n ¼ 96; high – Insufficient*†‡

Citrate vs. no citrate Radiographic stone resolution
at 1 y

1 NRSI (49); n ¼ 197; critical – Insufficient*†‡

Selective vs. empirical pharma-
cologic treatment

ED visit, hospitalization, or sur-
gery based on claims data
at 1.5 y (substudy)

1 NRSI (51, 52); n ¼ 8369
(substudy); serious

– Insufficient*†‡

Thiazides
HCTZ or CLT (various dosages)

vs. placebo or no treatment
Composite stone recurrence

or growth (symptomatic or
radiographic) at 3 y

3 RCTs (24, 28, 31); n ¼
639; low, high, high

Across drugs and dosages:
Pooled RR, 0.61 (95% CI,
0.36 to 1.05); ARD per 1000
persons§, 217 fewer (CI, 359
fewer to 27 more); I2 ¼ 81%

Low*† for at least a small
benefit

HCTZ or CLT (various dosages)
vs. placebo or no treatment

Radiographic stone recur-
rence or growth at 3 y

1 RCT (24); n ¼ 416; low HCTZ (any dose): RR§, 0.76 (CI,
0.59 to 0.98); ARD§ per
1000 persons, 119 fewer (CI,
203 to 11 fewer)

Low*† for at least a small
benefit

HCTZ or CLT (various dosages)
vs. placebo or no treatment

Symptomatic stone recurrence
or growth at 3 y

2 RCTs (24, 31); n ¼ 516;
low, high

– Insufficient*‡

HCTZ or CLT (various dosages)
vs. placebo or no treatment

Shockwave lithotripsy at 3 y 1 RCT (31); n ¼ 100; high – Insufficient*†‡

HCTZ, CLT, or indapamide vs.
no treatment

Stone-related ED visit, hospi-
talization, or surgery based
on claims data at 2 y

1 NRSI (50); n ¼ 4102;
serious

– Insufficient*†‡

CLT (25 or 50 mg) vs. milk of
magnesia (650 or 1300 mg)

Composite stone recurrence
or growth (symptomatic or
radiographic) at 3 y

1 RCT (28); n ¼ 93; high – Insufficient*†‡

HCTZ, 25 mgQD vs. indapa-
mide, 1.5 mg QD

Symptomatic stone event at
1.5 y

1 RCT (48); n ¼ 83; high – Insufficient*†‡

Thiazide vs. alkali Composite claims-based out-
come for symptomatic
stone events (ED visits, hos-
pitalization, stone-directed
surgery)

1 NRSI (54); n ¼ 1270;
serious

– Insufficient*†‡

HCTZ, 25 mg BID vs. K-CIT,
20 mEq BID

Radiographic recurrence at 1 y 1 RCT (42); n ¼ 80; high – Insufficient*†‡

HCTZ (12.5, 25, or 50 mg) vs.
placebo or no treatment

Serious adverse events at 3 y 1 RCT (24); n ¼ 416; low HCTZ (any dose): RR§, 0.60 (CI,
0.41 to 0.87); ARD§ per
1000 persons, 119 fewer (CI,
175 to 37 fewer)

Low*† for no harm

HCTZ, 25 mg BID vs. K-CIT,
20 mEq BID

Adverse events at 1 y 1 RCT (42); n ¼ 80; some
concerns

– Insufficient*†‡

HCTZ, 25 mgQD vs. indapa-
mide, 1.5 mg QD

Adverse events at 1.5 y 1 RCT (48); n ¼ 101; high – Insufficient*†‡

HCTZ, 25 mgQD vs. indapa-
mide, 1.5 mg QD

Serious adverse events at 1.5 y 1 RCT (48); n ¼ 101; high – Insufficient*†‡

Alkali (citrate salts or
citric acid)
Citrate salts vs. placebo or no

treatment
Composite stone recurrence

or growth at 1 to 3 y
4 RCTs (29, 31, 38, 43); n ¼

330; some concerns,
high, high, high

Pooled RR||, 0.24 (CI, 0.07 to
0.84); ARD per 1000 per-
sons, 333 fewer (CI, 408 to
70 fewer); I2 ¼ 81%

Low*† for at least a small
benefit

Lemon juice vs. no treatment Composite stone recurrence
or growth at 2 y

1 RCT (39); n ¼ 203; low RR§, 0.68 (CI, 0.42 to 1.09);
ARD§ per 1000 persons, 101
fewer (CI, 180 fewer to 28
more)

Low†‡ for at least a small
benefit

Citrate salts vs. placebo or no
treatment

Symptomatic stone recurrence
at 1 to 3 y

2 RCTs (31, 43); n ¼ 192;
high, high

– Insufficient*†‡

Lime powder vs. placebo Radiographic stone recur-
rence or growth at 2 y

1 RCT (47); n ¼ 101; some
concerns

– Insufficient†‡

Continued on following page
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Table 3–Continued

Intervention and Comparator Outcome Studies; Participants
Analyzed; ROB

Findings Strength of Evidence

Citrate salts vs. no treatment Stone-related ED visit, hospi-
talization, or surgery based
on claims data

1 NRSI (50); n ¼ 4102;
serious

– Insufficient*†‡

Lemon juice or lime powder vs.
no treatment

Adverse events 2 RCTs (39, 44); n ¼ 277;
low, high

Lemon juice: RR§, 1.22 (CI,
0.96 to 1.54); ARD per 1000
persons§, 116 more (CI, 19
fewer to 286 more)

Lime powder: No events in ei-
ther treatment group

Low‡ for at least a small
harm

Lemon juice or lime powder vs.
placebo or no treatment

Serious adverse events 3 RCTs (39, 44, 47); n ¼
378; low, high, some
concerns

– Insufficient‡

HCTZ, 25 mg BID vs. K-CIT, 20
mEq BID

Adverse events at 1 y 1 RCT (42); n ¼ 80; some
concerns

– Insufficient*†‡

Uric acid–lowering agents
Allopurinol vs. placebo Composite stone recurrence

or growth at 6 mo to 3 y
2 RCTs (30, 41); n ¼ 143;

some concerns, high
Pooled RR, 0.59 (CI, 0.43 to

0.82); ARD per 1000 per-
sons, 265 fewer (CI, 371 to
119 fewer); I2 ¼ 0%

Low*† for at least a small
benefit

Allopurinol vs. placebo Symptomatic stone recurrence
or growth at 3 y

1 RCT (30); n ¼ 60; some
concerns

– Insufficient†‡

Allopurinol vs. placebo Radiographic stone recur-
rence or growth at 3 y

1 RCT (30); n ¼ 60; some
concerns

– Insufficient†‡

Allopurinol or febuxostat vs.
no treatment

Stone-related ED visit, hospi-
talization, or surgery based
on claims data at 2 y

1 NRSI (50); n ¼ 1478;
serious

– Insufficient*†‡

Allopurinol vs. placebo Adverse events at 6 mo to 3 y 2 RCTs (30, 46); n ¼ 126;
some concerns, some
concerns

Pooled RR, 0.98 (CI, 0.66 to
1.44); ARD per 1000 partici-
pants, 8 fewer (CI, 117 fewer
to 152 more); I2 ¼ 0%

Low‡ for trivial to no
effect

Febuxostat vs. placebo Adverse events at 6 mo 1 RCT (46); n ¼ 66; some
concerns

– Insufficient†‡

Febuxostat vs. allopurinol Adverse events at 6 mo 1 RCT (46); n ¼ 66; some
concerns

– Insufficient†‡

Acetohydroxamic acid
Acetohydroxamic acid vs.

mannitol as placebo
Stone growth at 1 to 2 y

among participants with
stones at baseline

2 RCTs (32, 33); n ¼ 169;
high, high

Study 1 (32): Mean 18-mo
follow-up: RR§, 0.38 (CI, 0.19
to 0.76); ARD§ per 1000 per-
sons, 310 fewer (CI, 405 to
120 fewer)

Study 2 (33):
1-y follow-up: RR§, 0.55 (CI,

0.34 to 0.90); ARD§ per
1000 persons, 272 fewer
(CI, 399 to 60 fewer)

2-y follow-up: RR§, 0.69 (CI,
0.40 to 1.20); ARD per
1000 persons§, 186 fewer
(CI, 360 fewer to 120 more)

Low*‡ for at least a small
benefit

Acetohydroxamic acid vs.
mannitol as placebo

Radiographic stone recur-
rence at 18 mo to 2 y
among participants who
were stone-free at baseline

2 RCTs (32, 33); n ¼ 35;
high, high

– Insufficient*†

Acetohydroxamic acid vs.
mannitol as placebo

Adverse events at 18 mo to
2 y

2 RCTs (32, 33); n ¼ 304;
some concerns, high

Study 1 (32): Mean 18-mo follow-
up: RR§, 1.59 (CI, 1.15 to
2.20); ARD§ per 1000 persons,
289 more (CI, 73 to 588 more)

Study 2 (33): Possibly drug-
related adverse reaction
symptoms by 2-y follow-up:
75 events with acetohydroxa-
mic acid vs. 26 events with
placebo (author-reported
P < 0.0001)

Moderate* for at least a
small harm

Continued on following page
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Clinicians may choose to incorporate this change in
confidence as they discuss treatment options with their
patients, especially as they weigh patient values for
treatment benefits and harms.

Several limitations of the evidence and the review
process should be acknowledged.We found no eligible
studies to address the comparative effectiveness or
harms of surveillance imaging strategies. Only 3 studies
in children were identified, and only 2 studies compared
interventions that were based on the results of baseline
or follow-upmetabolic testing. Because of the heteroge-
neity of stone disease, including stone types and pre-
ventive interventions, no more than 1 or 2 new studies
contributed to any single treatment comparison.

The ROB of included studies is another important
limitation as most studies were rated as having high
ROB. We reevaluated the ROB for studies included
from the prior review, and our ratings resulted in uni-
versally higher ROB ratings, likely the result of con-
temporary ROB instruments, which have becomemore
sophisticated and comprehensive over time. Another
notable limitation is that certain study design elements
of older studies may no longer be considered standard
of care, such as the use of kidney, ureter, and bladder
radiography to identify new kidney stones or character-
ize stone growth.

Our review’s scope excluded studies with a sample
size less than 30 participants in 1 or more study groups
at the request of the review nominator, which resulted
in the exclusion of 12 studies that had been included in
the prior review (9) and the exclusion of 3 newly identi-
fied studies that did not meet this criterion. Small
studies often have higher ROB, use selective outcome
reporting, produce imprecise and larger treatment
effects, overrepresent positive findings, and may
not be generalizable since they are often conducted at
a single center (55–59). We did not conduct a formal

sensitivity analysis that included these studies, but we
do not believe their exclusion resulted in any material
differences in our conclusions given the similarity of
point estimates in this update with the prior report.

With regard to future research directions, we identi-
fied several relevant ongoing studies or studies pub-
lished as abstracts only. Supplement Table 46 (available
at Annals.org) summarizes these studies by intervention
type. Two trials of behavioral interventions to encourage
adherence to dietary interventions (Prevention of Urinary
Stones with Hydration [PUSH] [60] and StoneApp [61])
will assess stone recurrence over a 2- to 5-year period.
One ongoing trial will assess the effect of empirical diet
plus thiazide and potassium citrate (K-CIT) versus tar-
geted diet and pharmacotherapy on calcium oxalate
and phosphate urine supersaturation (62). Three trials
will assess the effect of different preventive pharmaco-
therapies (indapamide–chlorthalidone–hydrochlorothia-
zide, hydroxycitrate–K-CIT, and a-lipoic acid) on various
outcomes (63–65).

Future investigations are needed to evaluate sec-
ondary prevention based on specific stone subtypes
and associated risk factors, including studies (espe-
cially adequately powered RCTs) of dietary interventions,
existing and new pharmacologic treatments, head-to-
head comparisons of these interventions, and implemen-
tation studies to guide best practices for maximizing
patient acceptance and uptake of evidence-based inter-
ventions. Future studies should also consider using
standardized definitions of outcomes for symptomatic
stone events, radiographic monitoring of stone growth,
and the relationship between urinary markers and stone
recurrence (66). Additional studies may be needed to
assess the prevalence and stone phenotype of various
gene abnormalities as potential targets for directed
preventive therapies. In addition, given the morbidity

Table 3–Continued

Intervention and Comparator Outcome Studies; Participants
Analyzed; ROB

Findings Strength of Evidence

Reloxaliase
Oxalate decarboxylase vs.

placebo
Any adverse event at 8 wk 1 RCT (37); n ¼ 115; low – Insufficient*†‡

Oxalate decarboxylase vs.
placebo

Serious adverse events at 8 wk 1 RCT (37); n ¼ 115; low – Insufficient*†‡

Magnesium
Milk of magnesia (magnesium

hydroxide) vs. placebo
Composite recurrence at 3 y 1 RCT (28); n ¼ 82; high – Insufficient*†‡

ARD ¼ absolute risk difference; BID ¼ twice daily; CLT ¼ chlorthalidone; ED ¼ emergency department; HCTZ ¼ hydrochlorothiazide; HR ¼ hazard
ratio; K-CIT ¼ potassium citrate; NRSI ¼ nonrandomized study of intervention; RCT ¼ randomized controlled trial; ROB ¼ risk of bias; RR ¼ risk
ratio.
* Downgraded for study limitations.
† Downgraded for consistency.
‡ Downgraded for imprecision; in some cases, outcomes were downgraded 2 or 3 levels depending on the degree of imprecision.
§ Effect measures calculated based on data reported by authors.
|| Because of heterogeneity in the pooled estimate (I2 ¼ 80%), we conducted a sensitivity analysis that excluded 1 RCT (29) that used a thiazide coin-
tervention in both study groups. The pooled RR in the sensitivity analysis was 0.16 (CI, 0.08 to 0.33; 230 participants; I2 ¼ 0%; calculated ARD per
1000 persons, 410 fewer [CI, 451 to 327 fewer]).
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associated with symptomatic stone events and surgical
treatment, future investigations should incorporate the
patient and caregiver perspectives to better define out-
comes related to preventive treatment that matter
most to those who are affected.

The cause of the increasing incidence of stone forma-
tion in the pediatric population is uncertain. Environmental
factors, diet, nutritional supplements, and hydration
are poorly understood in terms of stone prevention
and management in children. Evidence on preventive
strategies in children is urgently needed as it is unclear
whether the efficacy of interventions currently used in
adults is applicable to children.

Finally, there is little evidence to guide surveillance
imaging strategies, including preferred imaging modal-
ities and imaging frequency, and there is no direct
evidence in these populations on harms of imaging
surveillance, such as radiation exposure and inciden-
tal findings.

In conclusion, increased fluid intake; a diet with
normal to high calcium, low protein, and low sodium
(vs. a low-calcium diet); thiazide diuretics; alkali ther-
apy; and allopurinol may have at least a small benefit
for prevention of recurrent kidney stones in adults
with calcium oxalate or calcium phosphate stones,
and AHA may have at least a small benefit for adults
with infection-related stones. It is largely uncertain
whether other pharmacologic or dietary interventions
prevent recurrent symptomatic stones. Evidence on
harms either is insufficient or shows no harms for most

interventions except lemon juice and AHA, which may
have increased adverse events.
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Appendix Figure 1.Meta-analysis of trials comparing citrate salts with placebo or no treatment for benefit on composite recurrence.
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Ca¼ calcium; CaOx ¼ calcium oxalate; HCTZ ¼ hydrochlorothiazide; K-CIT ¼ potassium citrate; K-Mg-CIT ¼ potassiummagnesium citrate; K-Na-CIT ¼
potassium sodium citrate; ROB¼ risk of bias.
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Appendix Figure 2.Meta-analysis of trials comparing uric acid–lowering agents with placebo for benefit on composite recurrence.
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AP¼ allopurinol; CaOx¼ calcium oxalate; QD¼ daily; ROB¼ risk of bias; TID¼ 3 times daily.

Appendix Figure 3.Meta-analysis of trials comparing uric acid–lowering agents with placebo for adverse events.
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AP¼ allopurinol; Ca¼ calcium; CaOx¼ calcium oxalate; ROB¼ risk of bias; TID¼ 3 times daily.
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Appendix Table 1. Characteristics of Included Studies

Study, Year
(Reference);
Country

Study Design;
ROB

Study Population Intervention Comparator Cointerventions Relevant
Outcomes
Reported

Dietary
interventions
Di Silverio et al,

2000 (26); Italy
RCT; high Adults aged 24 to 65 y

(40% female); history
of lithotripsy for recur-
rent calcium stones;
384 randomly
assigned

2 L of low-mineral
water per day

2 L of tap water
per day

Varied diet with
mean calcium
content of
600 mg/d

Radiographic
stone recur-
rence at 19-mo
follow-up

Borghi et al, 1996
(22); Italy

RCT; high Adults (age and percent-
age female NR) with 1
prior symptomatic cal-
cium oxalate or phos-
phate stone; 220
randomly assigned

Advice for water
intake to achieve
urine volume
≥2 L/d

No intervention NR Composite stone
recurrence at
5-y follow-up

Shuster et al,
1992 (40);
United States

RCT; high Men aged 18 to 75 y with
soft drink consumption
>160 mL/d at the con-
clusion of a stone epi-
sode; all stone
subtypes included;
1009 randomly
assigned

Advice to refrain from
consuming soft
drinks

No intervention NR Symptomatic
stone recur-
rence at 3 y;
serious adverse
events

Borghi et al, 2002
(23); Italy

RCT; some
concerns

Men (mean age, 45 y)
with idiopathic hyper-
calciuria and recurrent
calcium oxalate stones;
120 randomly
assigned

Advice to consume
low–animal protein,
low-sodium, nor-
mal- to high-cal-
cium diet

Low-calcium diet Water intake of 2
to 3 L/d; mod-
erate alcohol,
coffee, and car-
bonated bever-
ages; avoid
oxalate-rich
foods

Composite recur-
rence (sympto-
matic or
radiographic)
at 5-y follow-
up; serious
adverse events

Dussol et al, 2008
(27); France

RCT; high Adults aged 18 to 70 y
(35% female) with cal-
cium stones; 175 ran-
domly assigned

Advice for low animal
protein and con-
trolled dairy intake,
increased refined
cereal diet

1) High-fiber diet;
2) Usual diet

Consume 2 L of
tap water and
800 to 1000 mg
of calcium per
day

Composite recur-
rence (sympto-
matic or
radiographic)
at 2- to 4-y fol-
low-up

Kocvara et al,
1999 (36);
Czech Republic

RCT; high Adults aged 18 to 72 y
(54% female) with first
calcium stone; 242
randomly assigned

Dietary intervention
tailored to meta-
bolic factors at
baseline (hypercal-
ciuria, hyperurico-
suria, hyperurice-
mia, mild hypero-
xaluria, magnesium
deficiency,
hypocitraturia)

General dietary
recommenda-
tions (moderate
animal proteins,
restriction of ox-
alate, adequate
calcium,
increased fiber,
and moderate
sodium)

Adequate and
regular fluid
intake

Composite recur-
rence (sympto-
matic or
radiographic
recurrence or
growth) at 3 y

Hiatt et al, 1996
(35); United
States

RCT; high Adults aged 20 to 60 y
(28% female) with a
single calcium oxalate
stone; 102 randomly
assigned

Advice for low–animal
protein, high-fiber
diet

No intervention Increased fluid
and controlled
dietary calcium
(dairy) intake

Composite recur-
rence (sympto-
matic or
radiographic)
at 4.5-y follow-
up

Dietary and dietary
supplement
interventions
Gupta et al, 2021

(34); United
States

RCT; high Adults aged ≥18 y (41%
female) with prior cal-
cium oxalate stone
and hyperoxaluria; 164
randomly assigned

Advice for low-oxalate
diet

1) Dietary supple-
ment (vitamin B6

and magne-
sium); 2)
Combined diet
and supplement

NR Serious adverse
events

Continued on following page
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Appendix Table 1–Continued

Study, Year
(Reference);
Country

Study Design;
ROB

Study Population Intervention Comparator Cointerventions Relevant
Outcomes
Reported

Pharmacotherapy
interventions in
children
Sarica, et al, 2006

(45); Turkey
RCT; high Children aged 4 to 14 y

(42% female) with idio-
pathic urinary calculi
treated with SWL; 96
randomly assigned

K-CIT (1 mEq/kg/d) No intervention Increased fluid
intake and
reduced dairy
and oxalate-
rich foods

Radiographic
stone recur-
rence or growth
at 2 y

Bastug and Celık,
2021 (49);
Turkey

NRSI; critical Infants aged ≤1 y (44%
female) with stone
≤5 mm and no ana-
tomical or metabolic
abnormality, urinary
tract infection, calcium
phosphate, or infec-
tion-related stones;
197 analyzed

Citrate (100 gNa-CIT þ
100 g K-CIT in
1000 mL; 1 to
2 mL/kg/d)

No intervention Increased fluid
hydration and
saltless diet*

Radiographic
stone resolu-
tion at 1 y

Pharmacotherapy:
selective vs.
empirical
treatments
Hsi et al, 2021

(51), and Hsi
et al, 2022 (52);
United States

NRSI; serious Commercial insurance
enrollees aged 18 to
64 y (39% female) pre-
scribed preventive
therapy (thiazide, alkali
therapy, or allopurinol)
within 12 mo of stone
diagnosis; 10 125
(main analysis) and
8369 (substudy)
analyzed

Preventive pharmaco-
therapy (dosage
and frequency NR)
based on prior 24-h
urine testing

Pharmacotherapy
without prior
testing

NR Stone-related ED
visit, hospitali-
zation, or sur-
gery based on
claims data at
2 y (main analy-
sis) and 1.5 y
(substudy)

Pharmacotherapy:
thiazides
Dhayat et al, 2023

(24); Switzerland
RCT; low Adults aged ≥18 y (20%

female) with ≥2 stone
episodes and stone
composition ≥50% cal-
cium oxalate, calcium
phosphate, or both;
416 randomly
assigned

HCTZ, 12.5, 25, or
50 mg QD

Placebo Fluid intake to
maintain urine
output of 2 to
2.5 L/d, bal-
anced diet
including vege-
tables and
fiber, 1 to 1.2 g
of calcium per
day, limit so-
dium and ani-
mal protein

Composite stone
recurrence or
growth (symp-
tomatic or radi-
ographic);
symptomatic
stone recur-
rence or
growth; radio-
graphic stone
recurrence or
growth; serious
adverse events
at 3 y

Ettinger et al,
1988 (28);
United States

RCT; high Adults (age NR; 11%
female) with recurrent
calcium oxalate stones;
124 randomly
assigned

CLT, 25 or 50 mg QD 1) Milk of magne-
sia, 325 or
650 mg BID; 2)
Placebo

Fluid intake to
maintain urine
output of 2 L/d;
vitamin C;
restrict salt,
refined sugar,
animal protein,
oxalate-rich
foods, dairy;
increase cereal
fiber

Composite stone
recurrence or
growth (symp-
tomatic or radi-
ographic) at 3 y

Continued on following page
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Appendix Table 1–Continued

Study, Year
(Reference);
Country

Study Design;
ROB

Study Population Intervention Comparator Cointerventions Relevant
Outcomes
Reported

Hollingsworth
et al, 2024 (50);
United States

NRSI; serious Medicare enrollees
(mean age, 68 y; 46%
to 52% female) with
adequate 24-h urine
study showing hyper-
calciuria ≤6 mo after
stone diagnosis; 4102
analyzed†

Adherence to thiazide
drug (HCTZ, CLT,
indapamide)

No intervention Alkali therapy in
persons with
hypocitraturia
or low urine
pH; uric acid–
lowering therapy
in persons with
hyperuricosuria

Stone-related ED
visit, hospitali-
zation, or sur-
gery based on
claims data at
2 y

Peraire et al, 2025
(48); Spain

RCT; high Adults aged 18 to 65 y
with idiopathic hyper-
calciuria and history of
stone disease; 101 ran-
domly assigned

HCTZ, 25 mg QD Indapamide,
1.5 mg QD

Daily water intake
of ≥2 L and
avoid salt in
meals

Symptomatic
stone recur-
rence; adverse
events at 18 mo

Wolfgram et al,
2013 (53);
United States

NRSI; critical Adults aged ≥18 y (44%
female) with an
appointment at a met-
abolic stone clinic and
use of either HCTZ or
CLT; 89 analyzed

HCTZ, 12.5, 25, or
50 mg QD

CLT, 12.5 or
25 mg QD

NR Adverse events

Pharmacotherapy:
alkali (citrate salts
or citric acid)
Dissayabutra et al,

2025 (47);
Thailand

RCT; some
concerns

Adults aged 18 to 75 y
(41% female) with cal-
cium oxalate stone
fragments <4 mm
1 mo after surgical re-
moval; 173 randomly
assigned

Lime supplement
(7.5 g containing
55 mEq citrate)

Placebo NR Radiographic
stone growth or
recurrence; se-
rious adverse
events at 2 y

Ettinger et al,
1997 (29);
United States

RCT; some
concerns

Adults aged ≥18 y (22%
female) with history of
stones and composi-
tion ≥50% calcium ox-
alate; 64 randomly
assigned

K-Mg-CIT TID (total
daily citrate dose,
63 mEq)

Placebo Advice to restrict
salt, refined
sugar, and
foods rich in ox-
alate and ani-
mal protein,
but allowed up
to 2 servings of
dairy foods per
day

Composite stone
recurrence or
growth;
adverse events
at 1 to 3 y

Fernández-
Rodríguez et al,
2006 (31);
Spain

RCT; high Adults aged ≥18 y (per-
centage female NR)
with >1 calcium stone
episode; 150 ran-
domly assigned

HCTZ, 50 mg QD,
with K-CIT, 20 mEq
QD

1) HCTZ 50 mg
QD; 2) No
intervention

NR Composite stone
recurrence or
growth (symp-
tomatic or radi-
ographic);
symptomatic
stone recur-
rence or growth
at 3 y

Lojanapiwat et al,
2011 (38);
Thailand

RCT; high Adults aged ≥18 y (32%
female) with history of
SWL or surgery for cal-
cium oxalate stones;
80 randomly assigned

K-Na-CIT, 27 mEq TID No intervention Advice for high
fluid intake

Composite stone
recurrence or
growth at 1 to
3 y

Ruggenenti et al,
2022 (39); Italy

RCT; low Adults aged ≥18 y (37%
female) with recurrent
stones and ≥1 calcium
oxalate or mixed oxa-
late/phosphate or oxa-
late/uric acid stone;
203 randomly
assigned

60 mL fresh lemon
juice BID, equiva-
lent to 92 mEq citric
acid daily; partici-
pants with hypoci-
traturia also
received 2 g K-CIT
BID

No supplementa-
tion with lemon
juice

Standard diet and
recommenda-
tion to drink 2
to 2.5 L of
water daily

Composite stone
recurrence or
growth;
adverse events;
serious adverse
events at 2 y

Continued on following page
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Appendix Table 1–Continued

Study, Year
(Reference);
Country

Study Design;
ROB

Study Population Intervention Comparator Cointerventions Relevant
Outcomes
Reported

Soygür et al, 2002
(43); Turkey

RCT; high Adults (mean age, 42 y;
33% female) who were
stone-free or with re-
sidual stones <5 mm at
4 wk after SWL; 110
randomly assigned

K-CIT, 20 mEq TID No intervention Fluid intake to
achieve daily
urine output of
2.1 L, avoid
excess oxalate-
rich and salty
foods, limit
daily meat
intake, substi-
tute whole
wheat bread for
white bread,
eat natural fiber
cereals

Symptomatic
stone recur-
rence at 1 to
3 y

Ungjaroenwatha-
na et al, 2019
(44); Thailand

RCT; high Adults (mean age, 46 y;
46% female) who had
undergone surgical
stone removal with no
residual stones at 1
mo; 80 randomly
assigned

Lime powder, 5 g,
equivalent to 63
mEq citrate and 21
mEq potassium QD

Placebo Counseling on
diet and life-
style modifica-
tions to prevent
stone
recurrence

Adverse events;
serious adverse
events

Hollingsworth
et al, 2024 (50);
United States

NRSI; serious Medicare enrollees
(mean age, 68 y; 46%
to 52% female) with
hypocitraturia or low
urine pH within 6 mo
of stone diagnosis;
5678 with hypocitratu-
ria and 5685 with low
urine pH analyzed‡

Adherence to alkali
therapy (K-CIT, Na-
CIT, K-bicarbonate,
Na-bicarbonate)

No intervention Thiazide therapy
in persons with
hypercalciuria,
uric acid–lower-
ing therapy in
persons with
hyperuricosuria

Stone-related ED
visit, hospitali-
zation, or sur-
gery based on
claims data at
2 y

Pharmacotherapy:
head-to-head thia-
zide vs. alkali
comparisons
Hsi et al, 2025

(54)
NRSI; serious Medicare enrollees with

stone history and
hypocitraturia and
high urine pH on first
24-h urine study; 1270
analyzed

Prescription for
thiazide

Prescription for
alkali

NR Stone-related ED
visit, hospitali-
zation, or sur-
gery based on
claims data at
3 y

Solak et al, 2021
(42); Turkey

RCT; high
(effective-
ness out-
comes),
some con-
cerns (harm
outcomes)

Adults aged 18 to 75 y
(59% female) with prior
calcium oxalate stone
and hypercalciuria; 89
randomly assigned

HCTZ, 25 mg BID K-CIT, 20 mEq BID Fluid intake to
maintain urine
output of 2 L/d,
reduce sodium
and animal pro-
tein, increase
calcium
(1000 mg/d)
with meals

Radiographic re-
currence;
adverse events
at 1 y

Pharmacotherapy:
uric acid–lowering
agents
Ettinger et al,

1986 (30);
United States

RCT; some
concerns

Adults (mean age, 46 to
49 y; percentage
female NR) with >1
stone episode and a
stone with ≥79% cal-
cium oxalate; 72 ran-
domly assigned

Allopurinol, 100 mg
TID

Placebo Increase fluid
intake

Composite stone
recurrence or
growth; sympto-
matic stone re-
currence; radio-
graphic stone
recurrence or
growth; adverse
events at 3 y
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Appendix Table 1–Continued

Study, Year
(Reference);
Country

Study Design;
ROB

Study Population Intervention Comparator Cointerventions Relevant
Outcomes
Reported

Smith, 1977 (41);
United States

RCT; high Adults (mean age and
percentage female NR)
with ≥4 stone episodes
in the prior 3 y with ≥1
calcium oxalate; 92
randomly assigned§

Allopurinol, 100 mg
TID for 7 d then
100 mg daily
thereafter

Placebo Simple diet, main-
tain adequate
urine output,
titrate oral so-
dium bicarbon-
ate to maintain
urine pH >6.5

Composite stone
recurrence or
growth at 6 mo

Goldfarb et al,
2013 (46);
United States

RCT; some
concerns

Adults aged ≥18 y (14%
female) with hyperuri-
cosuria and history of
radiopaque stone in
prior 5 y; 99 randomly
assigned

Febuxostat, 80 mg
QD vs. allopurinol,
300 mg QD

Placebo NR Adverse events at
6 mo

Hollingsworth
et al, 2024 (50);
United States

NRSI; serious Medicare enrollees
(mean age, 68 y; 46%
to 52% female) with
hyperuricosuria within
6 mo of stone diagno-
sis; 1478 analyzed||

Adherence to allopuri-
nol or febuxostat
(dosage and fre-
quency NR)

No intervention Thiazide therapy
in persons with
hypercalciuria,
alkali therapy in
persons with
hypocitraturia
or low urine pH

Stone-related ED
visit, hospitali-
zation, or sur-
gery based on
claims data at
2 y

Pharmacotherapy:
acetohydroxamic
acid
Griffith et al, 1991

(32); United
States

RCT; high
(effective-
ness out-
comes),
some con-
cerns (harm
outcomes)

Adults (mean age NR;
49% female) with infec-
tion-related stones
associated with
chronic urea-splitting
bacterial infection;
50% had spinal cord
injury; 94 randomly
assigned

Acetohydroxamic
acid, 15 mg/kg/d
TID to QID; maxi-
mum dose 1 g daily

Mannitol as
placebo

Other medica-
tions, such as
antibiotics, as
clinically
indicated

Radiographic
stone recur-
rence; adverse
events; serious
adverse events
at 18 mo

Griffith et al, 1988
(33); United
States

RCT; high Inpatient and outpatient
men with spinal cord
injury (mean age, 49 y)
with chronic urea-split-
ting urinary tract infec-
tion; 210 randomly
assigned

Acetohydroxamic
acid; dosages
ranged from 500 to
1000 mg/d based
on weight and se-
rum creatinine

Mannitol as
placebo

NR Radiographic
stone recur-
rence; adverse
events; serious
adverse events
at 2 y

Pharmacotherapy:
reloxaliase
Lieske et al, 2022

(37); multiple
countries

RCT; low Adults aged ≥18 y with
enteric hyperoxaluria,
nearly all (≥90%) with
history of ≥1 kidney
stone; 115 randomly
assigned

Reloxaliase (recombi-
nant oxalate decar-
boxylase enzyme),
7500 units with
each meal/snack, 3
to 5 times per day

Placebo Continuation of
calcium, K-CIT,
or magnesium
for stone pre-
vention was
allowed

Adverse events;
serious adverse
events at 8 wk

BID ¼ twice daily; CLT ¼ chlorthalidone; ED ¼ emergency department; HCTZ ¼ hydrochlorothiazide; K-bicarbonate ¼ potassium bicarbonate;
K-CIT ¼ potassium citrate; K-Mg-CIT ¼ potassium magnesium citrate; K-Na-CIT ¼ potassium sodium citrate; Na-bicarbonate ¼ sodium bicarbonate;
Na-CIT ¼ sodium citrate; NR ¼ not reported; NRSI ¼ nonrandomized study of intervention; QD ¼ daily; QID ¼ 4 times daily; RCT ¼ randomized con-
trolled trial; ROB ¼ risk of bias; SWL ¼ shockwave lithotripsy; TID ¼ 3 times daily.
* Although these cointerventions were recommended for all participants, whether participants in the comparison group received them is unclear.
† The full study cohort included 13942 persons. This comparison includes only the 4102 with hypercalciuria who either did not receive treatment
(n ¼ 3420) or were adherent to treatment with thiazides (n ¼ 682).
‡ The full study cohort included 13942 persons. This comparison includes only participants with hypocitraturia or low urine pH who either did not
receive treatment (n ¼ 9673) or were adherent to treatment with thiazides (n ¼ 1690). The authors state that 5.6% of the persons prescribed any
treatment received combination therapy; thus, a small proportion of persons who were treated with alkali therapy were also treated with thiazide
therapy for hypercalciuria or uric acid–lowering therapy for hyperuricosuria.
§ The study enrolled 132 participants, but only 92 with at least 6 months of data were included in the analysis.
|| The full study cohort included 13942 persons. This comparison includes only the 1478 with hyperuricosuria who either did not receive treatment
(n ¼ 1357) or were adherent to treatment with allopurinol or febuxostat (n ¼ 121).
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Appendix Table 2. SOE for Harms (Key Question 2)

Comparator Outcome (Reference) SOE Grade

Dietary interventions
Reduced soft drink intake vs. control Serious adverse events (40) Insufficient
Multicomponent diet (normal- to high-calcium, low-protein, low-sodium diet) vs.

low-calcium diet
Serious adverse events (23) Insufficient

Pharmacologic interventions
HCTZ or CLT (various dosages) vs. placebo or no treatment Serious adverse events (24) Low
HCTZ, 25 mg twice daily vs. K-CIT, 20 mEq BID Adverse events (42) Insufficient
HCTZ, 25 mg daily vs. indapamide, 1.5 mg daily Adverse events (48) Insufficient

Serious adverse events (48) Insufficient
Lemon juice or lime powder vs. no treatment Adverse events (39, 44) Low

Serious adverse events (39, 44, 47) Insufficient
Allopurinol vs. placebo Adverse events (30, 45) Low
Allopurinol vs. febuxostat Adverse events (45) Insufficient
Febuxostat vs. placebo Adverse events (45) Insufficient
Reloxaliase vs. placebo Adverse events (37) Insufficient

Serious adverse events (37) Insufficient
Acetohydroxamic acid vs. placebo Adverse events (32, 33) Moderate

Serious adverse events (33) Insufficient

Combined dietary and pharmacologic intervention
Low-oxalate diet vs. vitamin B6/magnesium vs. combination Serious adverse events (34) Insufficient

BID ¼ twice daily; CLT ¼ chlorthalidone; HCTZ ¼ hydrochlorothiazide; K-CIT ¼ potassium citrate; SOE ¼ strength of evidence.
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