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BACKGROUND
Nephrolithiasis is one of the most common conditions affecting the kidney and is 
characterized by a high risk of recurrence. Thiazide diuretic agents are widely used 
for prevention of the recurrence of kidney stones, but data regarding the efficacy 
of such agents as compared with placebo are limited. Furthermore, dose–response 
data are also limited.

METHODS
In this double-blind trial, we randomly assigned patients with recurrent calcium-
containing kidney stones to receive hydrochlorothiazide at a dose of 12.5 mg, 25 mg, 
or 50 mg once daily or placebo once daily. The main objective was to investigate 
the dose–response effect for the primary end point, a composite of symptomatic 
or radiologic recurrence of kidney stones. Radiologic recurrence was defined as 
the appearance of new stones on imaging or the enlargement of preexisting stones 
that had been observed on the baseline image. Safety was also assessed.

RESULTS
In all, 416 patients underwent randomization and were followed for a median of 
2.9 years. A primary end-point event occurred in 60 of 102 patients (59%) in the 
placebo group, in 62 of 105 patients (59%) in the 12.5-mg hydrochlorothiazide 
group (rate ratio vs. placebo, 1.33; 95% confidence interval [CI], 0.92 to 1.93), in 
61 of 108 patients (56%) in the 25-mg group (rate ratio, 1.24; 95% CI, 0.86 to 1.79), 
and in 49 of 101 patients (49%) in the 50-mg group (rate ratio, 0.92; 95% CI, 0.63 
to 1.36). There was no relation between the hydrochlorothiazide dose and the oc-
currence of a primary end-point event (P = 0.66). Hypokalemia, gout, new-onset 
diabetes mellitus, skin allergy, and a plasma creatinine level exceeding 150% of 
the baseline level were more common among patients who received hydrochloro-
thiazide than among those who received placebo.

CONCLUSIONS
Among patients with recurrent kidney stones, the incidence of recurrence did not 
appear to differ substantially among patients receiving hydrochlorothiazide once 
daily at a dose of 12.5 mg, 25 mg, or 50 mg or placebo once daily. (Funded by the 
Swiss National Science Foundation and Inselspital; NOSTONE ClinicalTrials.gov 
number, NCT03057431.)
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Kidney stones are common, and 
both the prevalence and incidence have 
increased worldwide in recent decades.1,2 

Kidney stones recur frequently, and they cause 
enormous health care expenditures, excess ill-
ness, and reduced quality of life.3-5 Most kidney 
stones are composed of calcium oxalate, calcium 
phosphate, or a mixture of these components; 
indeed, hypercalciuria is the most common meta-
bolic abnormality among patients with kidney 
stones.6 Thiazide and thiazide-like diuretic 
agents (collectively referred to as thiazides) have 
been the cornerstone of pharmacologic preven-
tion of recurrence for more than 50 years.7-9 
Previous studies have suggested that thiazides 
effectively prevent the recurrence of stones.10-20 
For the most widely prescribed and best studied 
thiazide, hydrochlorothiazide, daily doses of 50 
or 100 mg have been investigated, and once-daily 
and twice-daily dose regimens have been found 
to be equally effective.12,15,17,19,20

However, previous studies have had methodo-
logic limitations such as inadequate conceal-
ment of treatment assignment, a lack of double-
blinding, a lack of an intention-to-treat analysis, 
the use of outdated dietary recommendations, 
and the use of imaging methods with low sensi-
tivity and specificity.21,22 Furthermore, only high 
doses of thiazides were studied; such dose levels 
are known to increase the risk of adverse ef-
fects.23,24 Thus, both the efficacy of thiazides in 
the prevention of the recurrence of kidney stones 
and the dose–response effect remain unclear. 
We now report the results of the NOSTONE trial, 
a double-blind, randomized, placebo-controlled 
trial that was conducted to evaluate a range of 
hydrochlorothiazide doses for the prevention of 
the recurrence of kidney stones.

Me thods

Trial Oversight and Design

Details of the trial design have been reported 
previously22 and are described briefly here. The 
trial protocol, available with the full text of this 
article at NEJM.org, was approved by the appro-
priate regulatory authorities (Swissmedic and 
the ethics committee at each participating trial 
center) before the enrollment of any patients. 
The trial was conducted in accordance with all 
applicable regulations. All the patients provided 
written informed consent before participation. 

Patients were enrolled at 12 centers in Switzer-
land. The statistical analysis was performed at 
CTU Bern by a statistician who was unaware of 
the treatment assignments; subsequently, the 
analysis was independently checked by a second 
statistician who was aware of the treatment as-
signments. The last two authors vouch for the 
completeness and accuracy of the data and for 
the fidelity of the trial to the protocol.

Patients

Key eligibility criteria included an age of 18 years 
or older, at least two episodes of kidney stones 
in the past 10 years, and any previous kidney 
stone that contained at least 50% calcium oxa-
late, calcium phosphate, or a mixture of both. 
The trial excluded patients with secondary causes 
of kidney stones, as well as those who were re-
ceiving drugs that could interfere with the for-
mation of kidney stones. Full eligibility criteria 
are provided in the protocol. During the course 
of the trial, patients received dietary recommen-
dations for the prevention of kidney stones that 
were based on current guidelines.8,9

Randomization, Treatment, and Follow-up

Patients were randomly assigned in a 1:1:1:1 ra-
tio to receive hydrochlorothiazide at a dose of 
12.5 mg, 25 mg, or 50 mg once daily or placebo 
once daily. The planned duration of treatment 
was 3 years, except for patients enrolled during 
the last year of the trial, for whom treatment 
was planned to last for 2 to 3 years. Randomiza-
tion was stratified according to the number of 
episodes of kidney stones each patient had dur-
ing the 10 years before enrollment in the trial. 
Randomization lists were generated by an inde-
pendent statistician at CTU Bern and imple-
mented during the manufacturing of hydro-
chlorothiazide and placebo to ensure that 
randomization was concealed and that the inves-
tigators, treating physicians, patients, and out-
come assessors were unaware of the treatment 
assignments. Patients received drug packs that 
appeared identical across all groups, and each 
pack contained 90 capsules that appeared identi-
cal; patients were advised to take one capsule by 
mouth daily in the morning.

At the time of randomization, patients under-
went a low-dose computed tomographic (CT) 
study, performed without the administration of 
intravenous contrast material, that was limited 
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to the kidneys. All the patients had a clinical 
follow-up visit 3 months after randomization 
and yearly thereafter, as well as a telephone visit 
every 3 months. The maximum planned follow-
up was 3 years. Symptomatic recurrence of kid-
ney stones was assessed at both the in-person 
follow-up visits and during the telephone visits. 
Radiologic recurrence (as defined below) was 
assessed at the end of treatment with the use of 
a second low-dose CT study of the kidneys that 
was performed without the administration of 
intravenous contrast material.

End Points

The main trial objective was to investigate the 
dose–response effect for the primary end point, 
a composite of symptomatic or radiologic recur-
rence of kidney stones. Symptomatic recurrence 
was defined as the visible passage of a stone 
with or without accompanying typical symptoms 
(such as flank or loin pain and hematuria) or as 
the presence of a symptomatic or asymptomatic 
stone that was determined to require surgical 
removal. If a patient had symptoms during the 
trial that were suggestive of a possible stone pas-
sage but no visible stone had been observed, local 
investigators evaluated the symptoms of the pa-
tient and judged whether a stone passage had 
occurred. Radiologic recurrence was defined as 
the appearance of new stones on CT or the en-
largement of preexisting stones that had been 
observed on the baseline CT; details are provided 
in the protocol.

Secondary end points were the individual end 
points of symptomatic recurrence and radiologic 
recurrence, as well as changes in laboratory vari-
ables. Urine relative supersaturation ratios, which 
indicate the degree by which the concentration 
of calcium oxalate or calcium phosphate in urine 
exceeds the equilibrium solubility, were calcu-
lated with the use of EQUIL2 software.25 Safety 
assessments included monitoring of adverse 
events and clinical laboratory testing, as speci-
fied in the protocol.

Statistical Analysis

The null hypothesis was that there would be no 
relation (i.e., no significant linear trend) be-
tween the hydrochlorothiazide dose and the 
symptomatic or radiologic recurrence of kidney 
stones. We estimated that a sample of 416 pa-
tients (104 patients in each group) would provide 

the trial with at least 80% power, at a two-sided 
alpha level of 0.05, using an unweighted log-
rank test for trend, on the basis of the following 
assumptions: uniform enrollment over a period 
of 2 years, follow-up of 2 to 3 years, a cumulative 
dropout rate of 10%, and a risk of symptomatic 
or radiologic recurrence in the placebo group of 
0.20 at 12 months and 0.45 at 36 months, with 
rate ratios of 0.90, 0.65, and 0.50 for the 12.5-mg, 
25-mg, and 50-mg hydrochlorothiazide doses, 
respectively.12,15,17,19

Efficacy was evaluated in the intention-to-
treat population, which comprised all patients 
who underwent randomization. Analyses were 
stratified according to the number of episodes 
of kidney stones within 10 years before random-
ization. For the primary end point, we also per-
formed a per-protocol analysis, in which patients 
were considered to continue receiving their as-
signed doses until discontinuation of the therapy 
became medically indicated. The analysis was 
based on inverse probability of censoring weight-
ing to recreate an unbiased scenario.26,27 To ana-
lyze the dose–response effect between the hydro-
chlorothiazide dose and the primary end point, 
we used a log-rank test for dose effect. For this 
test, the null hypothesis was that there was no 
dose effect, and the alternative hypothesis was 
that the dose effect followed a rank ordering, in 
which the ranks were 0, 1, 2, and 3, correspond-
ing to doses of 0 (i.e., placebo), 12.5, 25, and 50 mg, 
respectively. Rate ratios in each dose group as 
compared with placebo were calculated with the 
use of the Mantel–Cox method. Subgroup analy-
ses were used to investigate whether characteris-
tics of the patients at baseline modified the 
treatment effect. Symptomatic recurrence was 
analyzed in a manner similar to that used for 
the primary end point. Radiologic recurrence 
was analyzed as a binary end point with the use 
of logistic regression, and it incorporated the 
timing of CT assessment. Changes in laboratory 
measurements during the trial were analyzed as 
repeated measurements with the use of a mixed-
effects model. Adverse events and safety labora-
tory variables were assessed in the safety popu-
lation, which included all patients who underwent 
randomization and received at least one dose of 
hydrochlorothiazide or placebo.

Confidence intervals reflected uncertainty in 
the group-specific estimates and were not ad-
justed for multiplicity; therefore, they should not 
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be interpreted as hypothesis tests that are ap-
plied to each group separately. Full details re-
garding the statistical analyses are provided in 
the statistical analysis plan (which is available 
with the protocol) and in the Supplementary Ap-
pendix (available at NEJM.org), which also pro-
vides additional results of the trial.

R esult s

Patients

Between March 30, 2017, and October 31, 2019, 
a total of 1335 patients underwent screening 
(Fig. S1 in the Supplementary Appendix); of 
these, 416 met eligibility criteria, provided writ-
ten informed consent, and were randomly as-
signed to receive 12.5-mg (105 patients), 25-mg 
(108 patients), or 50-mg (101 patients) doses of 
hydrochlorothiazide once daily or placebo once 
daily (102 patients). The demographic and clini-
cal characteristics of the patients were well bal-
anced across the trial groups at baseline (Table 1 

and Table S1). The median age of the patients 
was 49 years (interquartile range, 39 to 55), and 
85 patients (20%) were women. The median 
number of events of kidney stones during the 10 
years before randomization was 3 (interquartile 
range, 2 to 4), and 139 patients (33%) had had 
4 or more stone events during the 10 years be-
fore randomization. Baseline laboratory test re-
sults in blood and urine are shown in Tables 1 
and 2. At baseline, 258 patients (63%) had hy-
percalciuria, which was defined as a urinary 
calcium excretion rate of more than 200 mg in 
24 hours.

Adherence and Follow-up

The median duration of follow-up was 2.9 years 
(interquartile range, 2.0 to 3.0), and 387 patients 
(93%) completed follow-up as planned. Nonad-
herence, which was defined as missing more 
than 20% of the daily doses of hydrochlorothia-
zide or placebo on the basis of patient report, 
was 26% (27 patients, of whom 12 did not ad-

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Total 

(N = 416)
Placebo 
(N = 102)

12.5-mg 
Hydrochlorothiazide 

(N = 105)

25-mg 
Hydrochlorothiazide 

(N = 108)

50-mg 
Hydrochlorothiazide 

(N = 101)

Median age (IQR) — yr 49 (39–55) 47 (35–55) 49 (40–57) 48 (39–56) 50 (42–55)

Female sex — no. (%) 85 (20) 26 (25) 16 (15) 22 (20) 21 (21)

Race — no. (%)†

White 411 (99) 100 (98) 105 (100) 106 (98) 100 (99)

Black 2 (<1) 0 0 1 (1) 1 (1)

Asian 2 (<1) 1 (1) 0 1 (1) 0

Other 1 (<1) 1 (1) 0 0 0

No. of stone events in the past 
10 yr — no. (%)‡

2 or 3 277 (67) 70 (69) 68 (65) 73 (68) 66 (65)

≥4 139 (33) 32 (31) 37 (35) 35 (32) 35 (35)

Median urinary calcium excretion 
(IQR) — mg/24 hr§¶

244 (165–340) 257 (157–339) 239 (164–317) 256 (167–369) 238 (168–338)

Hypercalciuria — no./total no. 
(%)‖

258/408 (63) 60/101 (59) 63/103 (61) 69/104 (66) 66/100 (66)

*  Percentages may not total 100 because of rounding. IQR denotes interquartile range.
†  Race was determined by the investigators.
‡  The median number of stone events in the past 10 years in all four groups was 3 (IQR, 2 to 4).
§  To convert the values for urinary calcium excretion from milligrams per 24 hours to millimoles per 24 hours, divide by 40.
¶  Data were missing for eight patients (for one in the placebo group, for two in the 12.5‑mg hydrochlorothiazide group, for four in the 25‑mg 

hydrochlorothiazide group, and for one in the 50‑mg hydrochlorothiazide group).
‖  Hypercalciuria was defined as a urinary calcium excretion of more than 200 mg per 24 hours.
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Table 2. Laboratory Test Results in Urine at Baseline and during Follow-up.*

Variable Baseline Follow-up
Effect vs. Placebo 

(95% CI)

No. of 
Patients Mean

No. of 
Assessments Mean

Total urine volume — liters/24 hr

Placebo 101 1.74±0.80 252 2.06±0.74 Reference

12.5‑mg Hydrochlorothiazide 103 1.90±0.74 267 2.12±0.75 −0.01 (−0.16 to 0.13)

25‑mg Hydrochlorothiazide 104 1.93±0.82 277 2.15±0.80 0.07 (−0.09 to 0.22)

50‑mg Hydrochlorothiazide 100 1.68±0.66 245 2.06±0.68 0.05 (−0.10 to 0.19)

Urinary sodium excretion — 
mmol/24 hr

Placebo 101 170.82±76.95 252 183.16±81.91 Reference

12.5‑mg Hydrochlorothiazide 103 179.65±85.04 267 181.89±79.69 −4.32 (−19.81 to 11.18)

25‑mg Hydrochlorothiazide 104 197.06±85.65 277 191.80±83.87 −0.37 (−16.87 to 16.13)

50‑mg Hydrochlorothiazide 100 168.93±71.63 245 198.58±81.34 15.67 (−0.72 to 32.07)

Urinary calcium excretion — 
mg/24 hr

Placebo 101 256.90±124.66 252 277.46±137.07 Reference

12.5‑mg Hydrochlorothiazide 103 256.15±132.02 267 231.96±119.53 −42.01 (−68.05 to −15.97)

25‑mg Hydrochlorothiazide 104 280.69±159.96 277 232.52±156.80 −40.54 (−67.88 to −13.21)

50‑mg Hydrochlorothiazide 100 274.39±154.14 245 236.82±139.19 −51.13 (−78.87 to −23.39)

Urinary citrate excretion — 
mg/24 hr

Placebo 101 575.28±326.39 252 588.74±314.08 Reference

12.5‑mg Hydrochlorothiazide 103 530.00±267.89 267 588.38±328.68 32.20 (−20.26 to 84.66)

25‑mg Hydrochlorothiazide 104 522.16±246.10 276 520.57±292.50 −8.47 (−58.75 to 41.81)

50‑mg Hydrochlorothiazide 100 554.09±288.86 245 536.51±309.71 −36.28 (−85.48 to 12.92)

Urinary oxalate excretion — 
mg/24 hr

Placebo 101 30.02±18.41 252 34.98±20.60 Reference

12.5‑mg Hydrochlorothiazide 103 29.92±17.33 267 37.24±19.63 2.62 (−1.47 to 6.71)

25‑mg Hydrochlorothiazide 104 29.90±18.55 276 39.58±24.08 4.68 (0.25 to 9.11)

50‑mg Hydrochlorothiazide 100 28.39±13.52 245 34.98±20.52 0.12 (−4.09 to 4.34)

Urine relative supersaturation 
ratio, calcium oxalate†

Placebo 100 7.92±5.25 244 7.93±6.19 Reference

12.5‑mg Hydrochlorothiazide 102 6.96±4.10 256 6.65±4.19 −0.7 (−1.67 to 0.26)

25‑mg Hydrochlorothiazide 104 6.74±3.80 266 7.18±6.05 −0.28 (−1.42 to 0.86)

50‑mg Hydrochlorothiazide 98 8.12±4.40 236 6.80±6.86 −1.23 (−2.49 to 0.02)

Urine relative supersaturation 
ratio, calcium phosphate†

Placebo 100 2.70±2.76 244 2.52±2.55 Reference

12.5‑mg Hydrochlorothiazide 102 2.42±2.58 256 1.83±2.19 −0.54 (−1.04 to −0.04)

25‑mg Hydrochlorothiazide 104 2.27±1.70 266 2.00±2.16 −0.38 (−0.85 to 0.10)

50‑mg Hydrochlorothiazide 98 2.80±2.62 236 2.21±2.39 −0.38 (−0.85 to 0.10)

*  Plus–minus values are means ±SD. To convert the values for urinary calcium excretion from milligrams per 24 hours to 
millimoles per 24 hours, divide by 40. To convert the values for urinary citrate excretion from milligrams per 24 hours 
to millimoles per 24 hours, divide by 192. To convert the values for urinary oxalate excretion from milligrams per 24 
hours to micromoles per 24 hours, multiply by 11.36. CI denotes confidence interval.

†  Urine relative supersaturation ratios indicate the degree by which the concentration of calcium oxalate or calcium phos‑
phate in urine exceeds the equilibrium solubility.
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here to the regimen for nonmedical reasons) in 
the placebo group, 15% (16 patients, of whom 
3 had nonmedical reasons) in the 12.5-mg hy-
drochlorothiazide group, 24% (26 patients, of 
whom 13 had nonmedical reasons) in the 25-mg 
hydrochlorothiazide group, and 26% (26 patients, 
of whom 10 had nonmedical reasons) in the 50-mg 
hydrochlorothiazide group.

Primary End Point

In the placebo group, 60 of 102 patients (59%) 
had symptomatic or radiologic recurrence of kid-
ney stones. A primary end-point event occurred 
in 62 of 105 patients (59%) in the 12.5-mg hy-
drochlorothiazide group (rate ratio vs. placebo, 
1.33; 95% confidence interval [CI], 0.92 to 1.93), 
in 61 of 108 patients (56%) in the 25-mg hydro-
chlorothiazide group (rate ratio, 1.24; 95% CI, 
0.86 to 1.79), and in 49 of 101 patients (49%) in 
the 50-mg hydrochlorothiazide group (rate ratio, 
0.92; 95% CI, 0.63 to 1.36) (Fig. 1A and Table S2). 
We found no evidence of a relation between the 
hydrochlorothiazide dose and the occurrence of 
a primary end-point event (rate ratio for trend, 
0.98; 95% CI, 0.87 to 1.09; test for trend, 
P = 0.66). These results were confirmed by sensi-
tivity analyses (Tables S3 through S6 and Fig. 
S2). Subgroup analyses showed no evidence of 
heterogeneity of the dose–response effect (Fig. 2). 
In the per-protocol analysis, we observed no evi-
dence of a relation between the hydrochlorothia-
zide dose and the occurrence of a primary end-
point event (rate ratio for trend, 0.98; 95% CI, 
0.88 to 1.09) (Table S7).

Secondary End Points

Symptomatic recurrence of kidney stones oc-
curred in 35 of 102 patients (34%) in the placebo 
group, in 40 of 105 patients (38%) in the 12.5-mg 
hydrochlorothiazide group (rate ratio vs. placebo, 
1.23; 95% CI, 0.78 to 1.95), in 43 of 108 patients 
(40%) in the 25-mg hydrochlorothiazide group 
(rate ratio, 1.26; 95% CI, 0.81 to 1.97), and in 28 
of 101 patients (28%) in the 50-mg hydrochloro-
thiazide group (rate ratio, 0.84; 95% CI, 0.51 to 
1.38) (Fig. 1B and Table S9). These findings were 
confirmed by a sensitivity analysis (Table S10).

Radiologic recurrence of kidney stones (the 
binary secondary end point) occurred in 46 of 94 
patients (49%) in the placebo group, in 44 of 98 

patients (45%) in the 12.5-mg hydrochlorothia-
zide group (odds ratio vs. placebo, 0.85; 95% CI, 
0.48 to 1.50), in 32 of 101 patients (32%) in the 
25-mg hydrochlorothiazide group (odds ratio, 0.49; 
95% CI, 0.27 to 0.87), and in 31 of 90 patients 
(34%) in the 50-mg hydrochlorothiazide group 
(odds ratio, 0.54; 95% CI, 0.29 to 0.98) (Fig. 1C 
and Table S12). Among patients who had radio-
logic recurrence, 67 new stones were detected on 
CT in 94 patients in the placebo group, 59 new 
stones in 98 patients in the 12.5-mg hydrochloro-
thiazide group (rate ratio vs. placebo, 0.84; 95% 
CI, 0.48 to 1.47), 45 new stones in 101 patients 
in the 25-mg hydrochlorothiazide group (rate 
ratio, 0.61; 95% CI, 0.34 to 1.09), and 46 new 
stones in 90 patients in the 50-mg hydrochloro-
thiazide group (rate ratio, 0.72; 95% CI, 0.40 to 
1.29) (Table S13).

Treatment effects on laboratory measurements 
in urine and blood are shown in Table 2 and 
Tables S14 and S15. Patients who had been as-
signed to receive hydrochlorothiazide had lower 
urinary calcium excretion than those who had 
been assigned to receive placebo; however, the 
urine relative supersaturation ratios for calcium 
oxalate and calcium phosphate in the hydrochlo-
rothiazide groups were not consistently lower 
than those in the placebo group.

Safety

New-onset diabetes mellitus, hypokalemia, gout, 
skin allergy, and a plasma creatinine level exceed-
ing 150% of the baseline level were more com-
mon among patients in the hydrochlorothiazide 
groups than among those in the placebo group 
(Table 3 and Table S16). The incidence of serious 
adverse events was not higher among patients 
receiving hydrochlorothiazide than among those 
receiving placebo.

Discussion

In this double-blind trial, 416 patients with re-
current calcium-containing kidney stones were 
randomly assigned to receive hydrochlorothia-
zide at a dose of 12.5 mg, 25 mg, or 50 mg once 
daily or placebo once daily and were followed for 
a median of 2.9 years. We were not able to con-
firm our hypothesis; we observed no relation 
between the hydrochlorothiazide dose and the 
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primary end point, a composite of symptomatic 
or radiologic recurrence of kidney stones. The 
incidence of recurrence was similar across the 
12.5-mg, 25-mg, and 50-mg hydrochlorothiazide 
groups and the placebo group. The trial was 
adequately powered; the enrollment target of 416 
patients was met. Furthermore, the dropout rate 
was lower than expected (10% expected vs. 7% 
observed), and the percentage of patients with a 
primary end-point event in the placebo group 
was higher than expected (45% expected vs. 59% 
observed).

Symptomatic recurrence was similar across 
all four groups. These results were confirmed by 
several sensitivity analyses, including an analysis 
that was restricted to patients who had not had 
kidney stones at baseline and analyses in which 
symptomatic events that had occurred within 
the first 6 or 12 months after randomization 
were excluded to allow for a washout period for 
preexisting stones. The incidence of radiologic 
recurrence, a composite of stone growth or new 
stone formation, was lowest among patients re-
ceiving the 25-mg or 50-mg dose of hydrochlo-
rothiazide.

Thiazides reduce urinary calcium excretion, 
and their purported efficiency in the prevention 

Figure 1. Primary End Point and Key Secondary End 
Points.

The primary end point was a composite of symptomat‑
ic or radiologic recurrence of kidney stones. Radiologic 
recurrence was defined as the appearance of new stones 
on computed tomography (CT) or the enlargement of 
preexisting stones that had been observed on the base‑
line CT. Panel A shows the cumulative incidence of pri‑
mary end‑point events. The rate ratio for trend and as‑
sociated confidence interval were calculated with the 
use of the Mantel–Cox method. The P value, which 
was calculated with the use of a log‑rank test for trend, 
was 0.66. Key secondary end points were symptomatic 
recurrence and radiologic recurrence of kidney stones; 
the latter end point was analyzed as a binary end point, 
a composite of the appearance of new stones on CT or 
the enlargement of preexisting stones. Panel B shows 
the cumulative incidence of symptomatic recurrence of 
kidney stones. In Panels A and B, events that occurred 
during the first 6 weeks after randomization were ex‑
cluded, and curves were truncated at the maximum 
follow‑up time. Panel C shows the observed frequen‑
cies of radiologic recurrence of kidney stones. HCT 
 denotes hydrochlorothiazide.
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Figure 2. Subgroup Analyses of Symptomatic or Radiologic Recurrence of Kidney Stones.

Subgroup analyses were used to investigate whether disease severity, the presence of hypercalciuria, and the composition of stones at 
baseline may modify the expected treatment effect. The analysis was performed in each subgroup as it was performed in the primary 
analysis. The rate ratio for trend is a ratio of rate ratios. It indicates the difference (on a multiplicative scale) in treatment effect for a 
one‑unit increase of one dose group (e.g., a ratio of 0.92 indicates that an increase in dose by one group results in a treatment effect 
[rate ratio] that is 0.92 times the effect of the lower dose group). At randomization, eight patients had stones that were composed of 
50% calcium oxalate and 50% calcium phosphate. Because these patients could not be unequivocally classified and a subgroup com‑
prising these patients would be too small for analysis, the patients were excluded from the subgroup analysis of stone composition. 
 Arrows on the confidence interval bars indicate that the upper or lower boundary of the confidence interval is off the scale.
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of stone recurrence has been attributed mainly 
to this unique property. The findings in our 
trial were consistent with this concept; patients 
receiving hydrochlorothiazide had decreased uri-
nary calcium excretion. However, urine relative 
supersaturation ratios for calcium oxalate and 
calcium phosphate — values that are used as 
established proxies for the risk of formation of 
calcium-containing stones and incorporate the 
key stone promoters and inhibitors that are mea-
sured in clinical routine — were not lower 
among patients receiving hydrochlorothiazide 
than among those receiving placebo. Urinary 
citrate excretion tended to be lower among pa-
tients receiving hydrochlorothiazide than among 
those receiving placebo, and there was an in-
crease from baseline in urinary oxalate excretion 
in all four groups. The differences in citrate and 
oxalate excretion between the hydrochlorothia-
zide groups and the placebo group may have 
counteracted the observed lower urinary calcium 
excretion that was induced by hydrochlorothia-
zide, thus resulting in no evident differences 
among patients receiving hydrochlorothiazide 
and those receiving placebo with respect to rela-
tive supersaturation ratios.

The overall frequency of adverse events was 
similar in the four groups, but hypokalemia, 
gout, new-onset diabetes mellitus, skin allergy, 
and a plasma creatinine level exceeding 150% of 

the baseline level were more common among 
patients receiving hydrochlorothiazide than 
among patients receiving placebo. These results 
arouse concerns about the long-term use of hy-
drochlorothiazide for the prevention of kidney 
stones.

Strengths of our trial include the prospective, 
double-blind, multicenter design; the large sam-
ple size; and the yearly in-person follow-up vis-
its, supplemented by telephone visits. Common 
biases in clinical trials (e.g., selection and attri-
tion bias or performance bias) and underreport-
ing of symptomatic recurrences are therefore very 
unlikely. We used highly sensitive and specific 
imaging, which adds an additional diagnostic 
layer that nearly eliminates the possibility of 
underdetection of primary end-point events. The 
end points that were chosen include the most 
clinically meaningful one (symptomatic recur-
rence) and the most sensitive one (radiologic 
recurrence); together, they provide a comprehen-
sive view of any potentially relevant effects. Final-
ly, the investigated drug therapy was accompa-
nied by dietary counseling according to current 
guidelines.8,9

Our trial has limitations of importance for 
translating the results into clinical practice (Ta-
ble S17). The trial had an underrepresentation of 
women, and most of the patients were White. 
Still, the prevalence of kidney stones is by far the 

Table 3. Adverse Events during the Treatment Period.

Event
Placebo 
(N = 102)

12.5-mg 
Hydrochlorothiazide 

(N = 105)

25-mg 
Hydrochlorothiazide 

(N = 108)

50-mg 
Hydrochlorothiazide 

(N = 101)

no. of 
 patients (%)

no. of 
events

no. of  
patients (%)

no. of 
events

no. of  
patients (%)

no. of 
events

no. of  
patients (%)

no. of 
events

Selected adverse events  
of special interest*

Total 8 (8) 8 11 (10) 12 18 (17) 21 16 (16) 20

Hypokalemia 1 (1) 1 1 (1) 1 3 (3) 3 6 (6) 8

Gout 0 0 1 (1) 1 1 (1) 2 0 0

New‑onset diabetes 
mellitus

1 (1) 1 2 (2) 2 7 (6) 7 2 (2) 2

Serious adverse event 30 (29) 34 17 (16) 18 24 (22) 27 14 (14) 16

*  Adverse events of special interest included hypokalemia (defined as a potassium level of <3 mmol per liter), hyponatre‑
mia (defined as a sodium level of <125 mmol per liter), hypomagnesemia (defined as a magnesium level of <0.5 mmol 
per liter), a plasma creatinine level of more than 150% of the baseline level, gout (defined as >3 episodes per year or 
the receipt of uric acid–lowering therapy), new‑onset diabetes mellitus, and skin allergy.
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highest among White men.28 The trial therefore 
directly informs treatment decisions for the most 
affected population. The median duration of the 
trial was close to 3 years, but we cannot rule out 
the possibility that hydrochlorothiazide has an 
effect on stone formation only after a longer 
treatment period. Indeed, the analysis of radio-
logic recurrence showed that patients receiving 
the 25-mg and 50-mg doses of hydrochlorothia-
zide had the lowest occurrence of the composite 
of stone growth or new stone formation. To in-
vestigate this finding further, we tested the ef-
fect of the dose of hydrochlorothiazide on the 
primary end point in two sensitivity analyses: 
the first analysis included only patients who had 
not had kidney stones at baseline, and the sec-
ond included only events that had occurred after 
6 or 12 months of treatment. Similar to the 
main analysis, these additional analyses did not 
reveal any marked effect. Given the observed 
lack of effect on symptomatic recurrence, any 
effect of hydrochlorothiazide treatment after 
3 years of follow-up would need to be dramatic 
to be able to show a significant difference be-
tween the hydrochlorothiazide groups and the 
placebo group with respect to the primary end 
point if the duration of the trial would have been 
extended by 1 or 2 years — an unlikely scenario 
for a pharmacologic treatment. This notion is 
supported by the lack of effect of hydrochloro-
thiazide treatment on symptomatic recurrence 
in patients who had not had kidney stones at 

baseline and on the formation of new stones that 
were identified on imaging during follow-up.

We performed a per-protocol analysis to in-
vestigate whether there was a dose effect among 
patients who adhered to the protocol. The simi-
larity of the results of the intention-to-treat 
analysis and the per-protocol analysis provides 
evidence that treatment discontinuations that 
were not medically indicated cannot explain the 
results. Nevertheless, the high incidence of non-
adherence may have biased the treatment effects 
in favor of the null hypothesis. Similarly, the 
high fluid and sodium intake during follow-up, 
as well as the increase from baseline in urinary 
oxalate excretion, may have diminished a poten-
tial beneficial treatment effect. Whether our re-
sults also apply to longer-acting thiazides remains 
to be determined.

The results of our trial show that treatment 
with hydrochlorothiazide did not appear to dif-
fer substantially from placebo in preventing the 
recurrence of kidney stones in patients at high 
risk for recurrence.
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