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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 (NRSlIs)
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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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
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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:

e What are the comparative effectiveness and harms of

diet or pharmacotherapy?

See also:
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e 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 the World 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.
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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 I? 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
I? 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/or Machine
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

Annals.org

Downloaded from https://annals.org by Walter Suarez Carmona on 03/24/2026.


http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org

Prevention of Recurrent Nephrolithiasis in Adults and Children

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
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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) (n = 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 = 10 125)
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% Cl, 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 [Cl, 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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Table 1. Findings From Studies of Tailored Compared With Empirical Therapy

Intervention and Outcome

Comparator

Studies; Participants
Analyzed; ROB

Findings Strength of Evidence

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

Selective vs. empirical
pharmacologic
treatment

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

gery based on claims data at
2y (main analysis)and 1.5y
(substudy)

1RCT (36); n = 207; high -

ED visit, hospitalization, or sur- 1 NRSI(51,52); n =10125  Main analysis: Adjusted HR, 0.97
(main analysis) and 8369
(substudy); serious

Insufficient*tf

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

Insufficient*t1 (subgroups
in substudy)

(95% ClI, 0.84 to 1.12); unad-
justed calculated§ ARD per
1000 persons, 0 more/fewer
(Cl, 13 fewer to 14 more)

ARD = absolute risk difference; ED = emergency department; HR = hazard ratio; NRSI = nonrandomized study of intervention; RCT = randomized

controlled trial; ROB = risk of bias.
* Downgraded for study limitations.
T Downgraded for consistency.

1 Downgraded for imprecision.

§ Unadjusted calculated risks were based on reported unadjusted proportions of study participants with and without the study outcome.

(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
(P = 81.3%) (Figure). The study with low ROB (24) found
40 fewer composite stone recurrences per 1000 partici-
pants (Cl, 136 fewer to 75 more) and 119 fewer radio-
graphic stone recurrences per 1000 participants (Cl,
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 [Cl, 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 [C],
408 to 70 fewer] in 3 RCTs with high ROB and 1 with
some concerns [Appendix Figure 1, available at
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Annals.org]; lemon juice: calculated ARD, 101 fewer
per 1000 adults [Cl, 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 [Cl,
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 [Cl, 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 [Cl, 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 and moderate 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

Annals.org

Downloaded from https://annals.org by Walter Suarez Carmona on 03/24/2026.


http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org

Prevention of Recurrent Nephrolithiasis in Adults and Children

REVIEW

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

Intervention and Outcome

Comparator

Studies; Participants
Analyzed; ROB

Findings Strength of

Evidence

Increased water intake vs. no
treatment

Composite stone recurrence at
5-y follow-up

-

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

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

=

Increased oligomineral water
intake vs. increased tap
water intake

Advice to reduce soft drink Symptomatic stone recurrence
intake vs. no intervention at3y

Adbvice to reduce soft drink Serious adverse events at 3 y
intake vs. no intervention

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

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

High-fiber diet vs. usual diet

Radiographic stone recurrence
at 19-mo follow-up

N

—

N

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

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

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

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

Serious adverse events

—

N

=

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

Low-oxalate diet vs. vitamin B,/
magnesium vs. combination

1 RCT (22); n = 199; high

RCT (23); n = 120; some
concerns

RCT (26); n = 384; high -

RCT (40); n = 1009; high -
RCT (40); n = 1009; high -

RCT(27);n=70at2y -
and 46 at 4 y; high

RCT(27);n=77at2y -
and 50 at 4 y; high

RCT(27);n=77 at2y -
and 50 at 4 y; high

RCT (35); n = 99; high -

1 RCT (34); n = 99; high -

RR*, 0.45 (95% Cl, 0.24 to Lowtt for at least a
0.84) small benefit

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

RR*, 0.52 (Cl, 0.29 to 0.95)

ARD per 1000 persons, 183
fewer (Cl, 273 to 19
fewer)

Lowtt for at least a
small benefit

Insufficienttt§

Insufficienttt§
Insufficienttt§

Insufficienttt§

Insufficientt$§

Insufficienttt§

Insufficienttt§

Insufficientt1§

ARD = absolute risk difference; RCT = randomized controlled trial; ROB = risk of bias; RR = risk ratio.

* Effect measures calculated based on data reported by authors.
1 Downgraded for consistency.

1 Downgraded for imprecision; in some cases, outcomes were downgraded 2 or 3 levels depending on the degree of imprecision.

§ Downgraded for study limitations.

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

Annals.org

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.
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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

Citrate vs. no citrate

Selective vs. empirical pharma-

cologic treatment

Thiazides

HCTZ or CLT (various dosages)

vs. placebo or no treatment

HCTZ or CLT (various dosages)

vs. placebo or no treatment

HCTZ or CLT (various dosages)

vs. placebo or no treatment

HCTZ or CLT (various dosages)

vs. placebo or no treatment
HCTZ, CLT, or indapamide vs.
no treatment

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

HCTZ, 25 mg QD vs. indapa-
mide, 1.5 mg QD
Thiazide vs. alkali

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

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

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

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

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

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

Lemon juice vs. no treatment

Citrate salts vs. placebo or no
treatment
Lime powder vs. placebo

Radiographic stone recur-
rence or growth at 2 y

Radiographic stone resolution
atly

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

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

Radiographic stone recur-
rence or growth at 3y

Symptomatic stone recurrence
or growth at 3y
Shockwave lithotripsy at 3 y

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

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

Symptomatic stone event at
15y

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

Radiographic recurrence at 1y

Serious adverse events at 3 y

Adverse events at 1y
Adverse events at 1.5y

Serious adverse events at 1.5y

Composite stone recurrence
orgrowth at 1to 3y

Composite stone recurrence
or growth at2y

Symptomatic stone recurrence
atTto3y

Radiographic stone recur-
rence or growth at 2 y

1 RCT (45); n = 96; high
1 NRSI (49); n = 197; critical

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

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

1 RCT (24); n = 416; low

2 RCTs (24, 31); n =516;
low, high
RCT (31); n = 100; high

-

—-

NRSI(50); n = 4102;

serious

-

RCT (28); n = 93; high

—-

RCT (48); n = 83; high

=

NRSI (54); n = 1270;

serious

N

RCT (42); n = 80; high

-

RCT (24); n = 416; low

-

RCT (42); n = 80; some
concerns
RCT (48); n = 101; high

-

-

RCT (48); n = 101; high

4 RCTs (29, 31, 38,43); n =
330; some concerns,
high, high, high

1 RCT (39); n = 203; low

2 RCTs (31, 43); n =192;
high, high

1RCT (47); n =101; some
concerns

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

HCTZ (any dose): RR§, 0.76 (Cl,
0.59 to 0.98); ARDS§ per
1000 persons, 119 fewer (Cl,
203 to 11 fewer)

HCTZ (any dose): RR§, 0.60 (Cl,
0.41 to 0.87); ARDS per
1000 persons, 119 fewer (Cl,
175 to 37 fewer)

Pooled RR||, 0.24 (Cl, 0.07 to
0.84); ARD per 1000 per-
sons, 333 fewer (Cl, 408 to
70 fewer); I> = 81%

RRS§, 0.68 (Cl, 0.42 to 1.09);
ARDS§ per 1000 persons, 101
fewer (Cl, 180 fewer to 28
more)

Insufficient*t$
Insufficient*t$

Insufficient*tt

Low*T for at least a small
benefit

Low*t for at least a small
benefit

Insufficient*t
Insufficient*t$

Insufficient*tt

Insufficient*t$

Insufficient*t$

Insufficient*tt

Insufficient*tt

Low*T for no harm

Insufficient*t$
Insufficient*t$

Insufficient*t$

Low*t for at least a small
benefit

Lowtt for at least a small
benefit

Insufficient*t+

Insufficienttt
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Table 3-Continued

Intervention and Comparator

Outcome

Studies; Participants
Analyzed; ROB

Findings

Strength of Evidence

Citrate salts vs. no treatment

Lemon juice or lime powder vs.

no treatment

Lemon juice or lime powder vs.

placebo or no treatment

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

mEq BID

Uric acid-lowering agents
Allopurinol vs. placebo

Allopurinol vs. placebo
Allopurinol vs. placebo

Allopurinol or febuxostat vs.
no treatment

Allopurinol vs. placebo

Febuxostat vs. placebo

Febuxostat vs. allopurinol

Acetohydroxamic acid
Acetohydroxamic acid vs.
mannitol as placebo

Acetohydroxamic acid vs.
mannitol as placebo

Acetohydroxamic acid vs.
mannitol as placebo

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

Adverse events

Serious adverse events

Adverse events at 1y

Composite stone recurrence
or growth at6 moto 3y

Symptomatic stone recurrence
or growth at 3y
Radiographic stone recur-
rence or growth at 3 y
Stone-related ED visit, hospi-
talization, or surgery based
on claims data at 2 y
Adverse events at 6 mo to 3y

Adverse events at 6 mo

Adverse events at 6 mo

Stone growth at 1to 2y
among participants with
stones at baseline

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

Adverse events at 18 mo to
2y

1 NRSI (50); n = 4102;
serious

2 RCTs (39, 44), n =277,
low, high

3 RCTs (39, 44,47);, n =
378; low, high, some
concerns

1 RCT (42); n = 80; some
concerns

2 RCTs (30, 41); n =143;
some concerns, high

1 RCT (30); n = 60; some
concerns

1 RCT (30); n = 60; some
concerns

1 NRSI(50); n = 1478;
serious

2 RCTs (30, 46); n = 126;
some concerns, some
concerns

1 RCT (46); n = 66; some
concerns

1 RCT (46); n = 66; some
concerns

2 RCTs (32, 33); n = 169;
high, high

2 RCTs (32, 33); n = 35;
high, high

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

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

Lime powder: No events in ei-
ther treatment group

Pooled RR, 0.59 (Cl, 0.43 to
0.82); ARD per 1000 per-
sons, 265 fewer (Cl, 371 to
119 fewer); I” = 0%

Pooled RR, 0.98 (Cl, 0.66 to
1.44); ARD per 1000 partici-
pants, 8 fewer (Cl, 117 fewer
to 152 more); I> = 0%

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

Study 2 (33):

1-y follow-up: RR§, 0.55 (Cl,
0.34 to 0.90); ARDS§ per
1000 persons, 272 fewer
(ClI, 399 to 60 fewer)

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

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

Insufficient*t$

Lowi for at least a small

harm

Insufficientt

Insufficient*t$

Low*T for at least a small

benefit

Insufficienttt
Insufficienttt

Insufficient*t$

Lowt for trivial to no
effect

Insufficienttt

Insufficienttt

Low*F for at least a small
benefit

Insufficient*t

Moderate* for at least a
small harm
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Table 3-Continued

Intervention and Comparator Outcome

Studies; Participants

Findings Strength of Evidence

Analyzed; ROB

Reloxaliase
Oxalate decarboxylase vs.

placebo
Oxalate decarboxylase vs.

placebo

Any adverse event at 8 wk

Magnesium
Milk of magnesia (magnesium  Composite recurrence at 3y
hydroxide) vs. placebo

1 RCT (37); n = 115; low =

Serious adverse events at 8 wk 1 RCT (37); n = 115; low -

1 RCT (28); n = 82; high -

Insufficient*t$

Insufficient*t$

Insufficient*t$

ARD = absolute risk difference; BID = twice daily; CLT = chlorthalidone; ED = emergency department; HCTZ = hydrochlorothiazide; HR = hazard
ratio; K-CIT = potassium citrate; NRSI = nonrandomized study of intervention; RCT = randomized controlled trial; ROB = risk of bias; RR = risk

ratio.
* Downgraded for study limitations.
1t Downgraded for consistency.

1 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 (> = 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 (Cl, 0.08 to 0.33; 230 participants; > = 0%; calculated ARD per

1000 persons, 410 fewer [Cl, 451 to 327 fewer]).

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-up metabolic 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 become more
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

8 Annals of Internal Medicine

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
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Figure. Meta-analyses of trials comparing thiazides with placebo or no treatment for benefit on composite recurrence.

Study, Year Stone Type  ROB Intervention  Control
(Reference)
Composite recurrence
Dhayat et al (NOSTONE), 250% CaOx Low HCTZ (12,25, Placebo
2023 (24) and/or CaP or 50 mg)
Ettinger et al, 1988 (28) CaOx High CLT (25 or Placebo
50 mg)
Fernandez-Rodriguez Ca High HCTZ,50 mg No
et al, 2006 (31) (£ K-CIT) treatment
Random-effects model
Heterogeneity: I?=81.3%, 12=0.1710, P =0.005
Symptomatic recurrence
Dhayat et al (NOSTONE), 250% CaOx Low HCTZ (12,25, Placebo
2023 (24) and/or CaP or 50 mg)
Fernandez-Rodriguezet Ca High HCTZ,50 mg No
al, 2006 (31) (x K-CIT) treatment

Random-effects model

Heterogeneity: I?=62.2%, 12=0.4649, P =0.104

Intervention Control Risk Ratio
Partici- Total Partici- Total (95% CI)
pants Partici- pants Partici-
With pants, With pants,
Event, n n Event, n n
172 314 60 102 —ol— 0.93 (0.77-
1.13)
42 14 31 —— 0.32 (0.14-
0.73)
31 100 28 50 - 0.55 (0.38-
0.81)
456 183 S 0.61 (0.36-
1.05)
111 314 35 102 — 1.03 (0.76~
1.40)
14 100 2 50 —+—+— 3.50(0.83-
14.80)
414 152 —_ 1.54 (0.50-
4.73)
T T T 1
0.1 05 1 2 10

Favors Intervention Favors Control

Ca = calcium; CaOx = calcium oxalate; CaP = calcium phosphate; CLT = chlorthalidone; HCTZ = hydrochlorothiazide; K-CIT = potassium citrate;

ROB = risk of bias.

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

Annals.org

interventions except lemon juice and AHA, which may
have increased adverse events.

From RTI-University of North Carolina Evidence-based Practice
Center, Durham, North Carolina, and Chapel Hill, North
Carolina, and School of Medicine, University of North Carolina
at Chapel Hill, Chapel Hill, North Carolina (G.N.A., S.EA.);
School of Medicine, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina (D.P.V., J.B.L., S.R.); RTI-University of
North Carolina Evidence-based Practice Center, Durham, North
Carolina, and Chapel Hill, North Carolina, and Cecil G. Sheps
Center for Health Services Research, University of North
Carolina at Chapel Hill, Chapel Hill, North Carolina (C.B.); RTI-
University of North Carolina Evidence-based Practice Center,
Durham, North Carolina, and Chapel Hill, North Carolina, and
RTI International, Durham, North Carolina (C.R., L.C.K.); and RTI-
University of North Carolina Evidence-based Practice Center,
Durham, North Carolina, and Chapel Hill, North Carolina, and
Health Sciences Library, University of North Carolina at Chapel
Hill, Chapel Hill, North Carolina (S.T.W.).

Disclaimer: The authors of this article are responsible for its con-
tent. Statements in the article do not necessarily represent the
official views of or imply endorsement by PCORI, AHRQ, or the
U.S. Department of Health and Human Services.

Acknowledgment: The authors thank Kim Wittenberg, MA
(AHRQ); Jennie Dalton, MPH (PCORI); and Sennett Kim, BS
(AUA), for their contributions, which included feedback and
comments on the scope of the review and on the draft evidence
report from which this article is derived. The authors also thank

Annals of Internal Medicine 9

Downloaded from https://annals.org by Walter Suarez Carmona on 03/24/2026.


http://www.annals.org

REVIEW

Nathaniel Erskine (University of North Carolina) for help with litera-
ture screening and data abstraction; Jennifer Cook Middleton,
PhD (University of North Carolina), and Roberta Wines, MPH (RTI),
for project administrative support; Meera Viswanathan, PhD (RTI),
for review of the draft evidence report; and Jessica Burch, BA,
Mary Gendron, BA, Michelle Bogus, and Alexander Cone, BA, for
editorial and document preparation support.

Financial Support: This article is derived from work supported
through a partnership between the Patient-Centered Outcomes
Research Institute (PCORI publication no. 2025-SR-04) and the
Agency for Healthcare Research and Quality (AHRQ), U.S.
Department of Health and Human Services, contract no.
75Q80120D00007, task order 75Q80124F32010.

Disclosures: Disclosure forms are available with the article
online.

Reproducible Research Statement: Study protocol: Available at
https://effectivehealthcare.ahrqg.gov/products/kidney-stones/
protocol. Statistical code: Available from Dr. Kahwati (e-mail,
LKahwati@rti.org). Data set: Available in Appendix C of the full
report  (https://effectivehealthcare.ahrg.gov/products/kidney-
stones/research).

Corresponding Author: Gary N. Asher, MD, MPH, UNC
Department of Family Medicine, 590 Manning Drive, CB # 7595,
Chapel Hill, NC 27599; e-mail, gasher@med.unc.edu.

Author contributions are available at Annals.org.

References

1. European Association of Urology. EAU Guidelines Office.
Accessed at http://uroweb.org/guidelines/compilations-of-all-
guidelines on 17 April 2025.

2. Uribarri J, Oh MS, Carroll HJ. The first kidney stone. Ann Intern
Med. 1989;111:1006-1009. [PMID: 2688503] doi:10.7326/0003-
4819-111-12-1006

3. Ferraro PM, Curhan GC, D'Addessi A, et al. Risk of recurrence of
idiopathic calcium kidney stones: analysis of data from the litera-
ture. J Nephrol. 2017;30:227-233. [PMID: 26969574] doi:10.1007/
s40620-016-0283-8

4. Chu DI, Tasian GE, Copelovitch L. Pediatric kidney stones -
avoidance and treatment. Curr Treat Options Pediatr. 2016;2:104-
111.[PMID: 27766194] doi:10.1007/s40746-016-0046-8

5. Tasian GE, Kabarriti AE, Kalmus A, et al. Kidney stone recurrence
among children and adolescents. J Urol. 2017;197:246-252. [PMID:
27521691]doi:10.1016/j.juro.2016.07.090

6. Agency for Healthcare Research and Quality. Methods Guide for
Effectiveness and Comparative Effectiveness Reviews. Content last
reviewed October 2022. Accessed at https://effectivehealthcare.
ahrg.gov/products/collections/cer-methods-guide on 17 April 2025.
7. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
BMJ. 2021;372:n71.[PMID: 33782057] doi:10.1136/bmj.n71

8. Asher GN, Viprakasit DP, Aymes SE, et al. Recurrent Nephrolithiasis
in Adults and Children: Comparative Effectiveness of Preventive
Medical Strategies. (Prepared by the RTI International-University of
North Carolina at Chapel Hill Evidence-based Practice Center under

10 Annals of Internal Medicine

Prevention of Recurrent Nephrolithiasis in Adults and Children

contract no. 75Q80120D00007.) AHRQ publication no. 26-EHC006.
Agency for Healthcare Research and Quality; October 2025.

9. Fink HA, Wilt TJ, Eidman KE, et al. Recurrent Nephrolithiasis in
Adults: Comparative Effectiveness of Preventive Medical Strategies.
Report no. 12-EHC049-EF. July 2012.

10. United Nations Development Programme. Human Development
Report 2023-24: Breaking the Gridlock: Reimagining Cooperation in a
Polarized World. 13 March 2024. Accessed at https://hdr.undp.org/
content/human-development-report-2023-24 on 17 February 2026.
11. DistillerSR Inc. DistillerSR. Versions 2024.5 to 2025.1. Accessed
at https://www.distillersr.com on 17 April 2025.

12. Deeks J, Higgins J, Altman D, et al. Chapter 10: Analysing data and
undertaking meta-analyses. In: Higgins JPT, Thomas J, Chandler J, et al,
eds. Cochrane Handbook for Systematic Reviews of Interventions
version 6.5 (updated August 2024). Cochrane; 2024. Accessed at
https://www.cochrane.org/authors/handbooks-and-manuals/handbook/
current/chapter-10 on 17 April 2025.

13. RStudio, PBC. RStudio: Integrated Development Environment
for R. Accessed at http://www.rstudio.com on 17 February 2026.

14. Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ. 2019,;366:14898.
[PMID: 31462531] doi:10.1136/bm;|.14898

15. Sterne JC, Higgins J. ROBINS-I V2 Tool. Accessed at https://
www.riskofbias.info/welcome/robins-i-v2 on 17 April 2025.

16. DerSimonian R, Laird N. Meta-analysis in clinical trials revisited.
Contemp Clin Trials. 2015;45:139-145. [PMID: 26343745] doi:10.1016/
j.cct.2015.09.002

17. Schwarzer G. meta: general package for meta-analysis. R package
version 6.0-0. Accessed at https://cran.r-project.org/web/packages/
meta/index.html on 17 April 2025.

18. Morton SC, Murad MH, O'Connor E, et al. Quantitative
Synthesis—An Update. In: Methods Guide for Effectiveness and
Comparative Effectiveness Reviews. Agency for Healthcare Research
and Quality; 2018.

19. Lin L. Comparison of four heterogeneity measures for meta-
analysis. J Eval Clin Pract. 2020;26:376-384. [PMID: 31234230]
doi:10.1111/jep.13159

20. Berkman ND, Lohr KN, Ansari MT, et al. Grading the strength of
a body of evidence when assessing health care interventions: an
EPC update. J Clin Epidemiol. 2015;68:1312-1324. [PMID: 25721570]
doi:10.1016/j.jclinepi.2014.11.023

21. Zeng L, Brignardello-Petersen R, Hultcrantz M, et al. GRADE
Guidance 34: update on rating imprecision using a minimally con-
textualized approach. J Clin Epidemiol. 2022;150:216-224. [PMID:
35934265] doi:10.1016/j.jclinepi.2022.07.014

22. Borghi L, Meschi T, Amato F, et al. Urinary volume, water and
recurrences in idiopathic calcium nephrolithiasis: a 5-year random-
ized prospective study. J Urol. 1996;155:839-843. [PMID: 8583588]
23. Borghi L, Schianchi T, Meschi T, et al. Comparison of two diets for
the prevention of recurrent stones in idiopathic hypercalciuria. N Engl J
Med. 2002;346:77-84. [PMID: 11784873] doi:10.1056/NEJMoa010369
24. Dhayat NA, Bonny O, Roth B, et al. Hydrochlorothiazide and pre-
vention of kidney-stone recurrence. N Engl J Med. 2023;388:781-
791.[PMID: 36856614] doi:10.1056/NEJM0a2209275

25. Dhayat NA, Faller N, Bonny O, et al. Efficacy of standard and
low dose hydrochlorothiazide in the recurrence prevention of cal-
cium nephrolithiasis (NOSTONE trial): protocol for a randomized
double-blind placebo-controlled trial. BMC Nephrol. 2018;19:349.
[PMID: 30526528] doi:10.1186/512882-018-1144-6

26. Di Silverio F, Ricciuti GP, D'Angelo AR, et al. Stone recurrence
after lithotripsy in patients with recurrent idiopathic calcium urolithi-
asis: efficacy of treatment with Fiuggi water. Eur Urol. 2000;37:145-
148.[PMID: 10705191] doi:10.1159/000020131

27. Dussol B, lovanna C, Rotily M, et al. A randomized trial of low-
animal-protein or high-fiber diets for secondary prevention of cal-
cium nephrolithiasis. Nephron Clin Pract. 2008;110:c185-c194.
[PMID: 18957869] doi:10.1159/000167271

Annals.org

Downloaded from https://annals.org by Walter Suarez Carmona on 03/24/2026.


https://effectivehealthcare.ahrq.gov/products/kidney-stones/protocol
https://effectivehealthcare.ahrq.gov/products/kidney-stones/protocol
mailto:LKahwati@rti.org
https://effectivehealthcare.ahrq.gov/products/kidney-stones/research
https://effectivehealthcare.ahrq.gov/products/kidney-stones/research
mailto:gasher@med.unc.edu
http://www.annals.org
http://uroweb.org/guidelines/compilations-of-all-guidelines
http://uroweb.org/guidelines/compilations-of-all-guidelines
https://doi.org/10.7326/0003-4819-111-12-1006
https://doi.org/10.7326/0003-4819-111-12-1006
https://doi.org/10.1007/s40620-016-0283-8
https://doi.org/10.1007/s40620-016-0283-8
https://doi.org/10.1007/s40746-016-0046-8
https://doi.org/10.1016/j.juro.2016.07.090
https://effectivehealthcare.ahrq.gov/products/collections/cer-methods-guide
https://effectivehealthcare.ahrq.gov/products/collections/cer-methods-guide
https://doi.org/10.1136/bmj.n71
https://hdr.undp.org/content/human-development-report-2023-24
https://hdr.undp.org/content/human-development-report-2023-24
https://www.distillersr.com
https://www.cochrane.org/authors/handbooks-and-manuals/handbook/current/chapter-10
https://www.cochrane.org/authors/handbooks-and-manuals/handbook/current/chapter-10
http://www.rstudio.com
https://doi.org/10.1136/bmj.l4898
https://www.riskofbias.info/welcome/robins-i-v2
https://www.riskofbias.info/welcome/robins-i-v2
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.1016/j.cct.2015.09.002
https://cran.r-project.org/web/packages/meta/index.html
https://cran.r-project.org/web/packages/meta/index.html
https://doi.org/10.1111/jep.13159
https://doi.org/10.1016/j.jclinepi.2014.11.023
https://doi.org/10.1016/j.jclinepi.2022.07.014
https://doi.org/10.1056/NEJMoa010369
https://doi.org/10.1056/NEJMoa2209275
https://doi.org/10.1186/s12882-018-1144-6
https://doi.org/10.1159/000020131
https://doi.org/10.1159/000167271
http://www.annals.org

Prevention of Recurrent Nephrolithiasis in Adults and Children

28. Ettinger B, Citron JT, Livermore B, et al. Chlorthalidone reduces
calcium oxalate calculous recurrence but magnesium hydroxide
does not. J Urol. 1988;139:679-684. [PMID: 3280829] doi:10.1016/
s0022-5347(17)42599-7

29. Ettinger B, Pak CY, Citron JT, et al. Potassium-magnesium citrate
is an effective prophylaxis against recurrent calcium oxalate nephroli-
thiasis. J Urol. 1997;158:2069-2073. [PMID: 9366314] doi:10.1016/
s0022-5347(01)68155-2

30. Ettinger B, Tang A, Citron JT, et al. Randomized trial of
allopurinol in the prevention of calcium oxalate calculi. N Engl
J Med. 1986;315:1386-1389. [PMID: 3534570] doi:10.1056/
NEJM198611273152204

31. Fernédndez-Rodriguez A, Arrabal-Martin M, Garcia-Ruiz MJ,
etal.[The role of thiazides in the prophylaxis of recurrent calcium lithia-
sis]. Actas Urol Esp. 2006;30:305-309. [PMID: 16749588] doi:10.1016/
s0210-4806(06)73444-1

32. Griffith DP, Gleeson MJ, Lee H, et al. Randomized, double-
blind trial of Lithostat (acetohydroxamic acid) in the palliative treat-
ment of infection-induced urinary calculi. Eur Urol. 1991;20:243-
247.[PMID: 1726639] doi:10.1159/000471707

33. Griffith DP, Khonsari F, Skurnick JH, et al. A randomized trial of
acetohydroxamic acid for the treatment and prevention of infec-
tion-induced urinary stones in spinal cord injury patients. J Urol.
1988;140:318-324. [PMID: 3294442] doi:10.1016/s0022-5347(17)
41592-8

34. Gupta M, Gallante B, Bamberger JN, et al. Prospective random-
ized evaluation of idiopathic hyperoxaluria treatments. J Endourol.
2021;35:1844-1851. [PMID: 34254834] doi:10.1089/end.2021.0122

35. Hiatt RA, Ettinger B, Caan B, et al. Randomized controlled trial
of a low animal protein, high fiber diet in the prevention of recurrent
calcium oxalate kidney stones. Am J Epidemiol. 1996;144:25-33.
[PMID: 8659482] doi:10.1093/oxfordjournals.aje.a008851

36. Kocvara R, Plasgura P, Petrik A, et al. A prospective study of non-
medical prophylaxis after a first kidney stone. BJU Int. 1999;84:393-
398. [PMID: 104687511 doi:10.1046/}.1464-410x.1999.00216.x

37. Lieske JC, Lingeman JE, Ferraro PM, et al. Randomized
placebo-controlled trial of reloxaliase in enteric hyperoxaluria.
NEJM Evid. 2022;1:EVID0a2100053. [PMID: 38319254] doi:10.1056/
EVID0a2100053

38. Lojanapiwat B, Tanthanuch M, Pripathanont C, et al. Alkaline citrate
reduces stone recurrence and regrowth after shockwave lithotripsy and
percutaneous nephrolithotomy. Int Braz J Urol. 2011;37:611-616.
[PMID: 22099273] doi:10.1590/s1677-55382011000500007

39. Ruggenenti P, Caruso MR, Cortinovis M, et al. Fresh lemon juice
supplementation for the prevention of recurrent stones in calcium ox-
alate nephrolithiasis: a pragmatic, prospective, randomised, open,
blinded endpoint (PROBE) trial. EClinicalMedicine. 2022;43:101227.
[PMID: 34977512] doi:10.1016/j.eclinm.2021.101227

40. Shuster J, Jenkins A, Logan C, et al. Soft drink consumption
and urinary stone recurrence: a randomized prevention trial. J Clin
Epidemiol. 1992;45:911-916. [PMID: 1624973] doi:10.1016/0895-
4356(92)90074-w

41. Smith MJ. Placebo versus allopurinol for renal calculi. J Urol.
1977;117:690-692. [PMID: 875139] doi:10.1016/50022-5347(17)
58588-2

42. Solak V, Goékce Mi, Yaman O. Potassium citrate vs. hydrochloro-
thiazide to reduce urinary calcium excretion in calcium oxalate stone
patients with hypercalciuria: a prospective randomized study. Int
Urol Nephrol. 2021;53:1791-1796. [PMID: 33904027] doi:10.1007/
s11255-021-02879-7

43. Soygiir T, Akbay A, Kiipeli S. Effect of potassium citrate therapy
on stone recurrence and residual fragments after shockwave litho-
tripsy in lower caliceal calcium oxalate urolithiasis: a randomized
controlled trial. J Endourol. 2002;16:149-152. [PMID: 12028622]
doi:10.1089/089277902753716098

44. Ungjaroenwathana W, Chiramongkolsiri T, Dissayabutra T, et al.
Lime powder regimen supplement alleviates urinary metabolic

Annals.org

REVIEW

abnormalities in urolithiasis patients. Nephrology (Carlton). 2019;
24:791-797. [PMID: 30225852] doi:10.1111/nep.13493

45. Sarica K, Erturhan S, Yurtseven C, et al. Effect of potassium ci-
trate therapy on stone recurrence and regrowth after extracorpor-
eal shockwave lithotripsy in children. J Endourol. 2006;20:875-879.
[PMID: 17144854] doi:10.1089/end.2006.20.875

46. Goldfarb DS, MacDonald PA, Gunawardhana L, et al.
Randomized controlled trial of febuxostat versus allopurinol or pla-
cebo in individuals with higher urinary uric acid excretion and cal-
cium stones. Clin J Am Soc Nephrol. 2013;8:1960-1967. [PMID:
239299281 doi:10.2215/CIN.01760213

47. Dissayabutra T, Anegkamol W, Ratchanon S, et al. Lime-based
supplement reduces calcium oxalate stone recurrence: a multicenter
randomized controlled trial. PLoS One. 2025;20:e0336892. [PMID:
41348736] doi:10.1371/journal.pone.0336892

48. Peraire M, Guimera J, Costa-Bauza A, et al. Low-dose indapa-
mide vs. hydrochlorothiazide in idiopathic hypercalciuria: a
randomized prospective trial. J Clin Med. 2025;14:7426. [PMID:
41156295] doi:10.3390/jcm 14207426

49. Bastug F, Celik B. Is medical treatment necessary for infants
with small urinary stones? Urolithiasis. 2021,49:457-462. [PMID:
33555388] doi:10.1007/s00240-021-01248-4

50. Hollingsworth JM, Oerline MK, Hsi RS, et al. Real-world effec-
tiveness of preventive pharmacological therapy in patients with uro-
lithiasis: a retrospective cohort study. Am J Kidney Dis. 2024;84:83-
93.e1.[PMID: 38432593] doi:10.1053/j.ajkd.2023.12.015

51. Hsi RS, Yan PL, Goldfarb DS, et al. Comparison of selective ver-
sus empiric pharmacologic preventative therapy with kidney stone
recurrence. Urology. 2021;149:81-88. [PMID: 33352163] doi:10.1016/
j.urology.2020.11.054

52. Hsi RS, Yan PL, Crivelli JJ, et al. Comparison of selective vs
empiric pharmacologic preventive therapy of kidney stone recur-
rence with high-risk features. Urology. 2022;164:74-79. [PMID:
35182586] doi:10.1016/j.urology.2021.12.037

53. Wolfgram DF, Gundu V, Astor BC, et al. Hydrochlorothiazide
compared to chlorthalidone in reduction of urinary calcium in
patients with kidney stones. Urolithiasis. 2013;41:315-322. [PMID:
23660825] doi:10.1007/s00240-013-0568-5

54. Hsi RS, Oerline MK, Best SL, et al. Comparison of thiazide ver-
sus alkali for kidney stone recurrence among individuals with hypo-
citraturia and high urine pH. Kidney Med. 2025;7:101145. [PMID:
41333099] doi:10.1016/j.xkme.2025.101145

55. Nuesch E, Trelle S, Reichenbach S, et al. Small study effects in
meta-analyses of osteoarthritis trials: meta-epidemiological study.
BMJ. 2010;341:¢3515.[PMID: 20639294] doi:10.1136/bmj.c3515
56. Sterne JA, Gavaghan D, Egger M. Publication and related bias
in meta-analysis: power of statistical tests and prevalence in the lit-
erature. J Clin Epidemiol. 2000;53:1119-1129. [PMID: 11106885]
doi:10.1016/s0895-4356(00)00242-0

57. Kjaergard LL, Villumsen J, Gluud C. Reported methodologic
quality and discrepancies between large and small randomized tri-
als in meta-analyses. Ann Intern Med. 2001;135:982-989. [PMID:
11730399] doi:10.7326/0003-4819-135-11-200112040-00010

58. Guyatt GH, Mills EJ, Elbourne D. In the era of systematic
reviews, does the size of an individual trial still matter. PLoS Med.
2008;5:e4.[PMID: 18177203] doi:10.1371/journal.pmed.0050004
59. Thorlund K, Imberger G, Walsh M, et al. The number of patients
and events required to limit the risk of overestimation of interven-
tion effects in meta-analysis—a simulation study. PLoS One. 2011;6:
e25491.[PMID: 22028777] doi:10.1371/journal.pone.0025491

60. Prevention of Urinary Stones With Hydration (PUSH) [clinical
trial]. Accessed at https://clinicaltrials.gov/study/NCT03244189 on
17 April 2025.

61. Effectiveness of WhatsApp Education and Support Messages
for Urolithiasis Prevention (StoneApp) [clinical trial]. Accessed at
https://clinicaltrials.gov/show/NCT05627622 on 17 April 2025.

Annals of Internal Medicine 1

Downloaded from https://annals.org by Walter Suarez Carmona on 03/24/2026.


https://doi.org/10.1016/s0022-5347(17)42599-7
https://doi.org/10.1016/s0022-5347(17)42599-7
https://doi.org/10.1016/s0022-5347(01)68155-2
https://doi.org/10.1016/s0022-5347(01)68155-2
https://doi.org/10.1056/NEJM198611273152204
https://doi.org/10.1056/NEJM198611273152204
https://doi.org/10.1016/s0210-4806(06)73444-1
https://doi.org/10.1016/s0210-4806(06)73444-1
https://doi.org/10.1159/000471707
https://doi.org/10.1016/s0022-5347(17)41592-8
https://doi.org/10.1016/s0022-5347(17)41592-8
https://doi.org/10.1089/end.2021.0122
https://doi.org/10.1093/oxfordjournals.aje.a008851
https://doi.org/10.1046/j.1464-410x.1999.00216.x
https://doi.org/10.1056/EVIDoa2100053
https://doi.org/10.1056/EVIDoa2100053
https://doi.org/10.1590/s1677-55382011000500007
https://doi.org/10.1016/j.eclinm.2021.101227
https://doi.org/10.1016/0895-4356(92)90074-w
https://doi.org/10.1016/0895-4356(92)90074-w
https://doi.org/10.1016/s0022-5347(17)58588-2
https://doi.org/10.1016/s0022-5347(17)58588-2
https://doi.org/10.1007/s11255-021-02879-7
https://doi.org/10.1007/s11255-021-02879-7
https://doi.org/10.1089/089277902753716098
https://doi.org/10.1111/nep.13493
https://doi.org/10.1089/end.2006.20.875
https://doi.org/10.2215/CJN.01760213
https://doi.org/10.1371/journal.pone.0336892
https://doi.org/10.3390/jcm14207426
https://doi.org/10.1007/s00240-021-01248-4
https://doi.org/10.1053/j.ajkd.2023.12.015
https://doi.org/10.1016/j.urology.2020.11.054
https://doi.org/10.1016/j.urology.2020.11.054
https://doi.org/10.1016/j.urology.2021.12.037
https://doi.org/10.1007/s00240-013-0568-5
https://doi.org/10.1016/j.xkme.2025.101145
https://doi.org/10.1136/bmj.c3515
https://doi.org/10.1016/s0895-4356(00)00242-0
https://doi.org/10.7326/0003-4819-135-11-200112040-00010
https://doi.org/10.1371/journal.pmed.0050004
https://doi.org/10.1371/journal.pone.0025491
https://clinicaltrials.gov/study/NCT03244189
https://clinicaltrials.gov/show/NCT05627622
http://www.annals.org

REVIEW

62. Empiric Versus Selective Prevention Strategies for Kidney Stone
Disease [clinical trial]. Accessed at https://clinicaltrials.gov/ct2/
show/NCT05365477 on 17 April 2025.

63. Indapamide and Chlorthalidone to Reduce Urine Supersaturation
for Kidney Stone Prevention (INDAPACHLOR) [clinical trial]. Accessed
at https://clinicaltrials.gov/ct2/show/NCT06111885 on 17 April 2025.
64. Hydroxycitrate: A Novel Therapy for Calcium Phosphate Urinary
Stones [clinical trial]. Accessed at https://clinicaltrials.gov/ct2/show/
NCT06003348 on 17 April 2025.

12 Annals of Internal Medicine

Prevention of Recurrent Nephrolithiasis in Adults and Children

65. Lipoic Acid Supplement for Cystine Stone (ALA) [clinical trial].
Accessed at https://clinicaltrials.gov/show/NCT02910531 on
17 April 2025.

66. Wessells H, Lieske JC, Lai HH, et al; NIDDK Urinary Stone
Disease Research Network. Adjudication of self-reported sympto-
matic stone recurrence in the Prevention of Urinary Stones with
Hydration trial. Urology. 2024;194:27-35. [PMID: 39242045]
doi:10.1016/j.urology.2024.08.026

Annals.org

Downloaded from https://annals.org by Walter Suarez Carmona on 03/24/2026.


https://clinicaltrials.gov/ct2/show/NCT05365477
https://clinicaltrials.gov/ct2/show/NCT05365477
https://clinicaltrials.gov/ct2/show/NCT06111885
https://clinicaltrials.gov/ct2/show/NCT06003348
https://clinicaltrials.gov/ct2/show/NCT06003348
https://clinicaltrials.gov/show/NCT02910531
https://doi.org/10.1016/j.urology.2024.08.026
http://www.annals.org

Author Contributions: Conception and design: G.N. Asher, D.P.
Viprakasit, S.E. Aymes, S. Ross, L.C. Kahwati.

Analysis and interpretation of the data: G.N. Asher, D.P.
Viprakasit, S.E. Aymes, J.B. Lusk, S. Ross, C. Rains, L.C. Kahwati.
Drafting of the article: G.N. Asher, L.C. Kahwati.

Critical revision for important intellectual content: G.N. Asher,
D.P. Viprakasit, S.E. Aymes, J.B. Lusk, S. Ross, C. Baker, C. Rains,
S.T. Wright, L.C. Kahwati.

Final approval of the article: G.N. Asher, D.P. Viprakasit, S.E.
Aymes, J.B. Lusk, S. Ross, C. Baker, C. Rains, S.T. Wright, L.C.
Kahwati.

Statistical expertise: L.C. Kahwati.

Obtaining of funding: G.N. Asher, L.C. Kahwati.

Administrative, technical, or logistic support: G.N. Asher,
C. Baker, C. Rains, L.C. Kahwati.

Collection and assembly of data: G.N. Asher, D.P. Viprakasit, S.
E. Aymes, J.B. Lusk, S. Ross, C. Baker, C. Rains, S.T. Wright, L.C.
Kahwati.

Appendix Figure 1. Meta-analysis of trials comparing citrate salts with placebo or no treatment for benefit on composite recurrence.

Study, Year Stone  ROB Intervention  Control Intervention Control Risk Ratio
(Reference) Type Partici-  Total Partici-  Total (95% CI)
pants Partici- pants Partici-
With pants,  With pants,
Event, n n Event, n n
Composite recurrence
Ettinger et al, 250% Some K-Mg-CIT, Placebo 4 31 21 33 = 0.20 (0.08-
1997 (29) CaOx  concerns 63 mEq 0.52)
Fernandez-Rodriguez Ca High HCTZ, 50 HCTZ, 15 50 16 50 L 3 0.94 (0.52-
et al, 2006 (31) mg/K-CIT 50 mg 1.68)
Lojanapiwat et al, CaOx  High K-Na-CIT, No 3 39 17 37 — 0.17 (0.05-
2011 (38) 81 mEq treatment 0.52)
Soygiir et al, 2002 (43) CaOx  High K-CIT, No 0 46 18 44 —a— 0.03 (0.00-
60 mEq treatment 0.42)
Random-effects model 166 164 R 0.24 (0.07-
0.84)
Heterogeneity: ?=80.9%, 12=1.1696, P =0.001
r T T 1
0.01 0.1 1 10 100

Favors Intervention Favors Control

Ca = calcium; CaOx = calcium oxalate; HCTZ = hydrochlorothiazide; K-CIT = potassium citrate; K-Mg-CIT = potassium magnesium citrate; K-Na-CIT =
potassium sodium citrate; ROB = 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.

Study, Year Stone  ROB Intervention ~ Control Intervention Control Risk Ratio
(Reference) Type Partici-  Total Partici-  Total (95% CI)
pants Partici- pants Partici-
With pants,  With pants,
Event, n n Event, n n
Composite recurrence
Ettinger et al, 279%  Some AP, 100 mg Placebo 9 29 18 31 —_— 0.53 (0.29-
1986 (30) CaOx  concerns TID 0.99)
Smith, 1977 (41) CaOx High AP, 100 mg Placebo 21 49 30 43 —_— 0.61 (0.42-
D 0.90)
Random-effects model 78 74 _ 0.59 (0.43-
0.82)
Heterogeneity: ?=0%, ?=0, P=0.71
1
0.5 1 2

Favors Intervention

Favors Control

AP = allopurinol; CaOx = calcium oxalate; QD = daily; ROB = risk of bias; TID = 3 times daily.

Appendix Figure 3. Meta-analysis of trials comparing uric acid-lowering agents with placebo for adverse events.

Study, Year Stone ROB

Intervention  Control Intervention Control Risk Ratio
(Reference) Type Partici- Total Partici- Total (95% ClI)
pants Partici- pants Partici-
With pants, With pants,
Event, n n Event, n n
Adverse events
Ettinger et al, 279% Some AP, 100 mg  Placebo 3 29 2 31 1.60 (0.29-
1986 (30) CaOx concerns TID 8.92)
Goldfarb et al, Ca Some AP, 300 mg  Placebo 19 33 20 33 —— 0.95 (0.64-
2013 (46) concerns 4> 1.42)
Random-effects model 62 64 0.98 (0.66—
1.44)
Heterogeneity: ’=0%, ©?=0, P=0.56
0.2 05 1 2 5

Favors Intervention

Favors Control

AP = allopurinol; Ca = calcium; CaOx = calcium oxalate; ROB = risk of bias; TID = 3 times daily.
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Appendix Table 1. Characteristics of Included Studies

Study, Year Study Design;  Study Population Intervention Comparator Cointerventions  Relevant
(Reference); ROB Outcomes
Country Reported
Dietary

interventions

Di Silverio et al, RCT; high Adults aged 24 to 65 y 2 L of low-mineral 2 L of tap water Varied diet with Radiographic

2000 (26); Italy (40% female); history water per day per day mean calcium stone recur-
of lithotripsy for recur- content of rence at 19-mo
rent calcium stones; 600 mg/d follow-up
384 randomly
assigned

Borghietal, 1996  RCT; high Adults (age and percent-  Advice for water No intervention NR Composite stone

(22); Italy age female NR) with 1 intake to achieve recurrence at
prior symptomatic cal- urine volume 5-y follow-up
cium oxalate or phos- =2 L/d
phate stone; 220
randomly assigned

Shuster et al, RCT; high Men aged 18to 75y with  Advice to refrain from  No intervention NR Symptomatic
1992 (40); soft drink consumption consuming soft stone recur-
United States >160 mL/d at the con- drinks rence at 3y;

clusion of a stone epi- serious adverse
sode; all stone events
subtypes included;

1009 randomly

assigned

Borghi etal, 2002  RCT; some Men (mean age, 45y) Advice to consume Low-calcium diet Water intake of 2 Composite recur-

(23); Italy concerns with idiopathic hyper- low-animal protein, to 3 L/d; mod- rence (sympto-
calciuria and recurrent low-sodium, nor- erate alcohol, matic or
calcium oxalate stones; mal- to high-cal- coffee, and car- radiographic)
120 randomly cium diet bonated bever- at 5-y follow-
assigned ages; avoid up; serious
oxalate-rich adverse events
foods

Dussol etal, 2008  RCT; high Adults aged 18to 70 y Adbvice for low animal 1) High-fiber diet; ~ Consume 2 L of Composite recur-

(27); France (35% female) with cal- protein and con- 2) Usual diet tap water and rence (sympto-
cium stones; 175 ran- trolled dairy intake, 800 to 1000 mg matic or
domly assigned increased refined of calcium per radiographic)
cereal diet day at 2- to 4-y fol-
low-up

Kocvara et al, RCT; high Adults aged 18to 72y Dietary intervention General dietary Adequate and Composite recur-
1999 (36); (54% female) with first tailored to meta- recommenda- regular fluid rence (sympto-
Czech Republic calcium stone; 242 bolic factors at tions (moderate intake matic or

randomly assigned baseline (hypercal- animal proteins, radiographic
ciuria, hyperurico- restriction of ox- recurrence or
suria, hyperurice- alate, adequate growth)at3y
mia, mild hypero- calcium,
xaluria, magnesium increased fiber,
deficiency, and moderate
hypocitraturia) sodium)

Hiatt et al, 1996 RCT; high Adults aged 20 to 60 y Adbvice for low-animal ~ No intervention Increased fluid Composite recur-
(35); United (28% female) with a protein, high-fiber and controlled rence (sympto-
States single calcium oxalate diet dietary calcium matic or

stone; 102 randomly (dairy) intake radiographic)
assigned at 4.5-y follow-
up
Dietary and dietary
supplement
interventions

Gupta et al, 2021 RCT; high Adults aged =218y (41% Advice for low-oxalate 1) Dietary supple- NR Serious adverse
(34); United female) with prior cal- diet ment (vitamin By events
States cium oxalate stone and magne-

and hyperoxaluria; 164 sium); 2)
randomly assigned Combined diet
and supplement
Continued on following page
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Appendix Table 1-Continued

Study, Year Study Design;  Study Population Intervention Comparator Cointerventions  Relevant
(Reference); ROB Outcomes
Country Reported
Pharmacotherapy
interventions in
children
Sarica, etal, 2006  RCT; high Children aged 4 to 14y K-CIT (1 mEg/kg/d) No intervention Increased fluid Radiographic
(45); Turkey (42% female) with idio- intake and stone recur-
pathic urinary calculi reduced dairy rence or growth
treated with SWL; 96 and oxalate- at2y
randomly assigned rich foods
Bastug and Celik,  NRSI; critical Infants aged <1y (44% Citrate (100 g Na-CIT +  No intervention Increased fluid Radiographic
2021 (49); female) with stone 100 g K-CIT in hydration and stone resolu-
Turkey <5 mm and no ana- 1000 mL; 1 to saltless diet* tionat1y
tomical or metabolic 2 mL/kg/d)
abnormality, urinary
tract infection, calcium
phosphate, or infec-
tion-related stones;
197 analyzed
Pharmacotherapy:
selective vs.
empirical
treatments
Hsi et al, 2021 NRSI; serious Commercial insurance Preventive pharmaco-  Pharmacotherapy ~ NR Stone-related ED
(51), and Hsi enrollees aged 18 to therapy (dosage without prior visit, hospitali-
et al, 2022 (52); 64y (39% female) pre- and frequency NR) testing zation, or sur-
United States scribed preventive based on prior 24-h gery based on
therapy (thiazide, alkali urine testing claims data at
therapy, or allopurinol) 2y (main analy-
within 12 mo of stone sis)and 1.5y
diagnosis; 10 125 (substudy)
(main analysis) and
8369 (substudy)
analyzed
Pharmacotherapy:
thiazides
Dhayat etal, 2023 RCT; low Adults aged 218y (20% HCTZ,12.5, 25, or Placebo Fluid intake to Composite stone
(24); Switzerland female) with =2 stone 50 mg QD maintain urine recurrence or
episodes and stone output of 2 to growth (symp-
composition 250% cal- 2.5 L/d, bal- tomatic or radi-
cium oxalate, calcium anced diet ographic);
phosphate, or both; including vege- symptomatic
416 randomly tables and stone recur-
assigned fiber, Tto 1.2 g rence or
of calcium per growth; radio-
day, limit so- graphic stone
dium and ani- recurrence or
mal protein growth; serious
adverse events
at3y
Ettinger et al, RCT; high Adults (age NR; 11% CLT,250r50 mgQD 1) Milk of magne-  Fluid intake to Composite stone
1988 (28); female) with recurrent sia, 325 or maintain urine recurrence or
United States calcium oxalate stones; 650 mg BID; 2) output of 2 L/d; growth (symp-
124 randomly Placebo vitamin C; tomatic or radi-

assigned

restrict salt,
refined sugar,
animal protein,
oxalate-rich
foods, dairy;
increase cereal

fiber

ographic)at 3y

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
etal, 2024 (50);
United States

Peraire et al, 2025
(48); Spain

Wolfgram et al,
2013 (53);
United States

Pharmacotherapy:
alkali (citrate salts
or citric acid)
Dissayabutra et al,
2025 (47);
Thailand

Ettinger et al,
1997 (29);
United States

Fernédndez-
Rodriguez et al,
2006 (31);
Spain

Lojanapiwat et al,
2011 (38);
Thailand

Ruggenenti et al,
2022 (39); Italy

NRSI; serious

RCT; high

NRSI; critical

RCT; some
concerns

RCT; some
concerns

RCT; high

RCT; high

RCT; low

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

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

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

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

Adults aged =218y (22%
female) with history of
stones and composi-
tion =50% calcium ox-
alate; 64 randomly
assigned

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

Adults aged =218y (32%
female) with history of
SWL or surgery for cal-
cium oxalate stones;
80 randomly assigned

Adults aged =218y (37%
female) with recurrent
stones and =1 calcium
oxalate or mixed oxa-
late/phosphate or oxa-
late/uric acid stone;
203 randomly
assigned

Adherence to thiazide
drug (HCTZ, CLT,
indapamide)

HCTZ, 25 mg QD

HCTZ,12.5, 25, or
50 mg QD

Lime supplement
(7.5 g containing
55 mEq citrate)

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

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

K-Na-CIT, 27 mEq TID

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

No intervention

Indapamide,
1.5mg QD

CLT, 12.5or
25 mg QD

Placebo

Placebo

1)HCTZ 50 mg
QD; 2) No
intervention

No intervention

No supplementa-
tion with lemon
juice

Alkali therapy in
persons with
hypocitraturia
or low urine
pH; uric acid-

lowering therapy

in persons with
hyperuricosuria

Daily water intake
of 22 L and
avoid saltin
meals

NR

NR

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

NR

Adbvice for high

fluid intake

Standard diet and

recommenda-
tion to drink 2
to 2.5 L of
water daily

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

Symptomatic
stone recur-
rence; adverse
events at 18 mo

Adverse events

Radiographic
stone growth or
recurrence; se-
rious adverse
eventsat 2y

Composite stone
recurrence or
growth;
adverse events
atTto3y

Composite stone
recurrence or
growth (symp-
tomatic or radi-
ographic);
symptomatic
stone recur-
rence or growth
at3y

Composite stone
recurrence or
growth at 1 to
3y

Composite stone
recurrence or
growth;
adverse events;
serious adverse
eventsat 2y
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Appendix Table 1-Continued

Study, Year Study Design;  Study Population Intervention Comparator Cointerventions  Relevant
(Reference); ROB Outcomes
Country Reported
Soygur etal, 2002  RCT; high Adults (mean age, 42 y; K-CIT, 20 mEq TID No intervention Fluid intake to Symptomatic
(43); Turkey 33% female) who were achieve daily stone recur-
stone-free or with re- urine output of rence at 1 to
sidual stones <5 mm at 2.1L, avoid 3y
4 wk after SWL; 110 excess oxalate-
randomly assigned rich and salty
foods, limit
daily meat
intake, substi-
tute whole
wheat bread for
white bread,
eat natural fiber
cereals
Ungjaroenwatha-  RCT; high Adults (mean age, 46y; Lime powder, 5 g, Placebo Counseling on Adverse events;
na etal, 2019 46% female) who had equivalent to 63 diet and life- serious adverse

(44); Thailand

Hollingsworth
etal, 2024 (50);
United States

Pharmacotherapy:
head-to-head thia-
zide vs. alkali
comparisons
Hsi et al, 2025
(54)

Solak et al, 2021
(42); Turkey

Pharmacotherapy:
uric acid-lowering
agents
Ettinger et al,
1986 (30);
United States

NRSI; serious

NRSI; serious

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

undergone surgical
stone removal with no
residual stones at 1
mo; 80 randomly
assigned

Medicare enrollees
(mean age, 68y; 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 analyzedt

mEq citrate and 21
mEq potassium QD

Adherence to alkali No intervention
therapy (K-CIT, Na-
CIT, K-bicarbonate,

Na-bicarbonate)

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

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

Prescription for

thiazide alkali

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

cerns (harm

outcomes)

RCT; some
concerns

Adults (mean age, 46 to Placebo
49 y; percentage
female NR) with >1
stone episode and a
stone with 279% cal-
cium oxalate; 72 ran-

domly assigned

Allopurinol, 100 mg
TID

style modifica-
tions to prevent
stone
recurrence

Thiazide therapy

in persons with
hypercalciuria,
uric acid-lower-
ing therapy in
persons with
hyperuricosuria

Prescription for NR

Fluid intake to

maintain urine
output of 2 L/d,
reduce sodium
and animal pro-
tein, increase
calcium

(1000 mg/d)
with meals

Increase fluid

intake

events

Stone-related ED

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

Stone-related ED

visit, hospitali-
zation, or sur-
gery based on
claims data at
3y

Radiographic re-

currence;
adverse events
atly

Composite stone

recurrence or
growth; sympto-
matic stone re-
currence; radio-
graphic stone
recurrence or
growth; adverse
eventsat 3y
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Appendix Table 1-Continued

Study, Year

Study Design;

Study Population

Intervention

Comparator Cointerventions

Relevant
Outcomes
Reported

(Reference); ROB
Country
Smith, 1977 (41);  RCT; high
United States
Goldfarb et al, RCT; some
2013 (46); concerns

United States

Hollingsworth
etal, 2024 (50);
United States

NRSI; serious

Pharmacotherapy:
acetohydroxamic
acid
Griffith et al, 1991 RCT; high
(32); United (effective-
States ness out-
comes),
some con-
cerns (harm
outcomes)
Griffith et al, 1988 RCT; high
(33); United
States
Pharmacotherapy:
reloxaliase
Lieske et al, 2022 RCT; low
(37); multiple
countries

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

Adults aged =218y (14%
female) with hyperuri-
cosuria and history of
radiopaque stone in
prior 5y; 99 randomly
assigned

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

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

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

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

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

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

Adherence to allopuri-

nol or febuxostat
(dosage and fre-
quency NR)

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

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

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

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

Placebo NR

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

Mannitol as Other medica-
placebo tions, such as
antibiotics, as
clinically
indicated
Mannitol as NR
placebo
Placebo Continuation of

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

Composite stone
recurrence or
growth at 6 mo

Adverse events at
6 mo

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

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

Radiographic
stone recur-
rence; adverse
events; serious
adverse events
at2y

Adverse events;

serious adverse
events at 8 wk

BID = twice daily; CLT = chlorthalidone; ED = emergency department; HCTZ = hydrochlorothiazide; K-bicarbonate = potassium bicarbonate;
K-CIT = potassium citrate; K-Mg-CIT = potassium magnesium citrate; K-Na-CIT = potassium sodium citrate; Na-bicarbonate = sodium bicarbonate;
Na-CIT = sodium citrate; NR = not reported; NRSI = nonrandomized study of intervention; QD = daily; QID = 4 times daily; RCT = randomized con-
trolled trial; ROB = risk of bias; SWL = shockwave lithotripsy; TID = 3 times daily.

* Although these cointerventions were recommended for all participants, whether participants in the comparison group received them is unclear.

T The full study cohort included 13 942 persons. This comparison includes only the 4102 with hypercalciuria who either did not receive treatment
(n = 3420) or were adherent to treatment with thiazides (n = 682).

T The full study cohort included 13 942 persons. This comparison includes only participants with hypocitraturia or low urine pH who either did not
receive treatment (n = 9673) or were adherent to treatment with thiazides (n = 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 13 942 persons. This comparison includes only the 1478 with hyperuricosuria who either did not receive treatment
(n = 1357) or were adherent to treatment with allopurinol or febuxostat (n = 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. Serious adverse events (23) Insufficient
low-calcium diet
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 Bs/magnesium vs. combination Serious adverse events (34) Insufficient

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