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Key Points

e Loss of bone mineral density at 3 years was similar in patients with calcium kidney stones randomized to hydrochlo-
rothiazide or placebo.

e There was no association between hydrochlorothiazide dose and change in bone mineral density at 3 years.

e Results were consistent across sensitivity and per-protocol analyses.

Abstract

Background Low bone mass and fractures are common among kidney stone formers, yet it remains unclear whether
thiazides can help preserve bone mass. We aimed to evaluate the effectiveness of a range of hydrochlorothiazide (HCTZ)
doses compared with a placebo on bone mineral density (BMD) over a 3-year period.

Methods This post hoc analysis was conducted on data from the NOSTONE trial, a multicenter, randomized, controlled
study. A total of 416 adults with recurrent calcium stones participated in the study, receiving either placebo or HCTZ
at doses of 12.5, 25, or 50 mg daily. BMD was measured using computed tomography at the T12-L3 vertebrae at both
baseline and the end of the study.

Results Over a median follow-up period of 2.92 years, the mean BMD decreased by 6.4+15.7 Hounsfield units (HU) in the
placebo group, 5.1£15.1 HU in the 12.5 mg HCTZ group (B coefficient versus placebo, 0.37 HU; 95% confidence interval
[CI], —1.74 to 2.47; P = 0.73), 4.1+16.3 HU in the 25 mg HCTZ group (B, 0.93 HU; 95% CI, —1.34 to 3.19; P = 0.42), and
4.8+£15.9 HU in the 50 mg HCTZ group (B, 0.70 HU; 95% CI, —1.45 to 2.85; P = 0.52). No association was observed
between HCTZ dose and BMD at the end of the study (P = 0.43). The results were confirmed in sensitivity analyses for
eGFR, urine calcium, net gastrointestinal alkali absorption, and body mass index; in subgroup; and in per-protocol
analyses.

Conclusions In patients with recurrent calcium kidney stones, loss of BMD was similar in patients receiving HCTZ at a
dose of 12.5, 25, or 50 mg or placebo once daily.
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Introduction
Bone disease is an important yet insufficiently addressed
condition in patients with nephrolithiasis. Decreased bone
mineral density (BMD) and defects in bone remodeling
are highly prevalent in patients with kidney stones.!3
A population-based study revealed a nearly four-fold
higher risk of vertebral fractures in individuals with a
history of kidney stones.* The risk of vertebral fracture
was elevated among both men and women and associ-
ated with increasing age. At 30 years of follow-up, the
cumulative incidence of fractures was 45% in woman
and 28% in men. A higher fracture risk associated with
nephrolithiasis has also been observed in other population-
based studies.>” Loss of BMD depends on the activity of
the underlying kidney stone disease, being higher in indi-
viduals with recurrent stone disease compared with indi-
viduals with a single past stone event.®

Mechanisms linking nephrolithiasis with bone disease re-
main incompletely understood. The highest prevalence of
low BMD is found in patients with calcium-containing kid-
ney stones and idiopathic hypercalciuria.~'* Hence, it has
been assumed that the negative calcium balance associated
with idiopathic hypercalciuria constitutes an important fac-
tor contributing to loss of BMD in this population.!*'7 In
support of this, both fasting and post oral calcium load urine
calcium after 1 week of a sodium and calcium-restricted diet,
as well as calcium oxalate dihydrate stone content, were
shown to be negatively associated with BMD at the lumbar
spine.’® By contrast, histomorphometry studies suggest that
reduced bone formation is the primary defect encoun-
tered in individuals with kidney stones.!®2> If only the
hypercalciuria-associated negative calcium balance played a
pathogenetic role, excessive bone resorption would be ex-
pected as the primary defect. Thus, additional factors, such as
diet, comorbidities, medications, and genetic variants, likely
contribute to bone disease in individuals with kidney stones.

Thiazide and thiazide-like diuretics (thiazides) reduce
urine calcium and stimulate osteoblast differentiation and
bone mineral formation in vitro.26-28 Therefore, thiazides
may both prevent loss of bone mass and attenuate fracture
risk in patients with kidney stones. However, the results of
the NOSTONE trial recently challenged the effectiveness of
thiazides in reducing urinary calcium excretion and hence
the incidence of kidney stone recurrence.?” No randomized
controlled trial has ever been conducted to examine the
effect of thiazides on BMD or fracture risk in patients with
kidney stones. To address this important knowledge gap,
we performed a post hoc analysis of the NOSTONE trial?®
by investigating the change of mean BMD from baseline to
study end at the thoracolumbar spine in patients with
recurrent calcium-containing kidney stones randomized
to 12.5, 25, or 50 mg hydrochlorothiazide (HCTZ) once
daily or placebo once daily.

Methods
Study Population

Details of the NOSTONE trial design have been published
previously.??30 The trial protocol was approved by the lead
ethics committee in Bern, Switzerland, on October 25, 2016,
and subsequently by all other ethics committees in Switzer-
land (Approval 2016_01475). Approval for the study
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investigational product was obtained from Swissmedic on
February 24, 2017 (Approval 2017DR3035). The trial was
conducted in accordance with all applicable regulations.
Patient recruitment in the NOSTONE trial commenced on
March 30, 2017, at 12 centers throughout Switzerland. En-
rollment was completed by October 31, 2019. All the patients
provided written informed consent before participation.

Key eligibility criteria included age 18 years or older, =2
kidney stone episodes in the 10 years before study partic-
ipation, and a previous kidney stone that contained at least
50% calcium oxalate, calcium phosphate, or a mixture of
both. The trial excluded patients with secondary causes of
kidney stones, as well as those who were receiving drugs
that could interfere with the formation of kidney stones. A
total of 416 participants were randomized in four groups
with a 1:1:1:1 ratio, to receive 12.5, 25, or 50 mg HCTZ or
placebo once daily.2%-3°

Measurements and Definitions

At randomization and at the study end, participants
underwent a low-dose noncontrast computed tomography
(CT) limited to the kidneys. Baseline and end of study CT
were performed on the same CT scanner using identical
acquisition settings according to a standard operating
procedure.?® All study participants had a clinical follow-
up visit 3 months after randomization and yearly there-
after, as well as telephone visits every 3 months. The
median follow-up time was 2.92 years. All CT images
were anonymized on-site with the Digital Imaging and
Communications in Medicine anonymizer PRO software
(NeoLogica, Italy) and transferred to an external solid
state drive hard disk. The US Food and Drug Adminis-
tration and ethics committee approved Digital Imaging
and Communications in Medicine workstation Osirix MD
11 (Pixmeo, Switzerland) was used for image analysis. A
low-dose CT protocol to measure BMD was applied, by
reducing the tube current (100 mAs) while maintaining the
tube voltage at a standard high-dose level of 120 kV. BMD
measurements using such a CT protocol correlate very
well with the gold standard dual-energy X-ray absorpti-
ometry (DXA) because both procedures use X-ray tube
voltages of 120 kV.31-3¢ Two radiologists, blinded to the
study intervention, measured the vertebral BMD from T12
to L3 segments. CT attenuation for each vertebra was
documented in Hounsfield units (HU), and care was taken
to exclude measurements near the cortical bone and ad-
ditional nonuniform areas (Supplemental Figure 3). Inter-
reader agreement was assessed in the whole cohort with
available CT scans (N=388); the corresponding Pearson's
correlation coefficient was 0.95 (confidence interval [CI],
0.94 to 0.95). Intra-reader agreement of radiologist one was
assessed in a randomly selected subsample of 50 patients
1 month after the first measurements; the weighted kappa
coefficient was 0.98 (CI, 0.975 to 0.983). Blood and 24-hour
urine parameters were measured at baseline and at sched-
uled follow-up visits (3, 12, 24, and 36 months). All blood
and urine analyses were performed centrally at the Core
Laboratory of the Bern University Hospital, Bern, Switzer-
land, using standard laboratory methods. Net gastrointes-
tinal alkali absorption (NGIA) from 24-hour urines was
calculated using the Oh formula.3”
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Statistical Analyses

Continuous variables are reported as medians with
25th—75th percentiles or means with SDs, and categorical
variables are reported as counts with percentages, as ap-
propriate. Measured BMD was analyzed both as mean
value of all vertebral segments (primary outcome) and
singularly at T12-L3. For each treatment group, we
calculated the mean observed values at baseline and
during follow-up for the primary analysis (BMD) and
exploratory analysis (plasma parameters: calcium, phos-
phate, magnesium, alkaline phosphatase, parathyroid
hormone, 25(0OH)-, and 1,25(0OH), vitamin Ds). As this
was a predefined secondary analysis of an already con-
ducted randomized clinical trial, no sample size calcu-
lations are provided. An analysis was conducted with a
two-level mixed-effects linear regression, random-intercept
model to assess the association between different HCTZ
doses versus placebo and both intraindividual and inter-
individual changes of the outcome variables (BMD and
plasma biomarkers, respectively) at multiple time points.
The treatment was included as fixed effect, participant and
time point as random effect. This model was adjusted for
age, sex, time of follow-up, number of past stone events,
and baseline outcome variables as covariables in the
model. The treatment effect was first analyzed in the
intention-to-treat population, which included all patients
who underwent randomization. For the analysis of BMD,
we further performed a per-protocol analysis, consisting of
all participants in the full analysis set without a protocol
deviation that could confound the interpretation of

analyses (not receiving the allocated treatment, not fulfill-
ing anymore the eligibility criteria, and no visit/call per-
formed). On the basis of the per-protocol analysis set, we
analyzed data regarding patients as dependently censored
at the day a patient withdrew, was lost to follow-up or at
the first time a patient became noncompliant for a med-
ically or nonmedically indicated, voluntary reason. Confi-
dence distribution analysis was performed for the primary
outcome and calculated using a normal approximation of
the estimated mean difference.”® Outcome variables were
log-transformed to ensure normal distributions as needed.
Regression residuals were analyzed for normality using
visual inspection. For each variable, the number of avail-
able observations, the B coefficient (8), and the 95% CI
were computed. Statistical tests were two-sided. P values
of statistical tests were interpreted as exploratory and as a
measure of statistical precision rather than for null-
hypothesis significance testing. Consequently, no adjust-
ments for multiple testing were performed. Analyses were
performed using the software Stata, version 16 (StataCorp,
College Station, TX).

Results
Primary Outcomes

CT scans at baseline and at the end of the study
were available in 388 of 416 NOSTONE participants.
The median (interquartile range) follow-up time was
2.92 years (2.08-3.11), the mean age at randomization
was 48 (SD, 12.2) years, and most patients were men

Table 1. Baseline characteristics of study population
Characteristics All Participants 12.5 mg 25 mg 50 mg Placebo
(N=388) HCTZ (N=98)  HCTZ (N=103)  HCTZ (N=90) (N=97)
Age, yr 48.0 (12.2) 485 (12.4) 475 (11.8) 48.8 (11.5) 472 (13.2)
Men 312 (80.4) 83 (84.7) 83 (80.6) 72 (80.0) 74 (76.3)
BMI, kg/m’ 27.1 (24.4-303)  27.0 244-29.7) 275 (242-305) 269 (242-302)  27.5 (24.7-31.5)
No. of past stone events
2or3 203 (52.3) 54 (55.1) 51 (49.5) 45 (50.0) 53 (54.6)
=4 185 (47.7) 44 (44.9) 52 (50.5) 45 (50.0) 44 (45.4)

eGFR CKD-EPI
2009, ml/min per 1.73 m?
Intact PTH, ng/L
Alkaline phosphatase, IU/L
25-OH vitamin D3, nmol/L
1,25(0OH), vitamin Dj,
pmol/L
Urinary calcium
excretion, mmol/24 h
NGIA, mEq/24 h
Smoking status
Current
Former
Never
Alcohol consumption
None
<1 unit per day
1-3 units per day
4-5 units per day

94.4 (80.8-104.8)

38.8 (31.0-49.1)
66.0 (56.0~77.0)
50.0 (36.0-66.0)
124.0
(99.0-149.0)
6.0 (4.1-8.3)

44.4 (29.0-60.5)

127 (33.2)
85 (22.3)
170 (44.5)

86 (22.5)
266 (69.6)
28 (7.3)
2(0.5)

92.1 (77.5-103.5)

37.6 (29.9-49.8)
63.0 (54.0-77.0)
49.0 (33.0-68.0)
118.0
(99.0-147.0)
5.9 (4.1-7.9)

452 (29.9-61.4)

33 (34.7)
17 (17.9)
45 (47.4)

21 (22.1)
65 (68.4)
9 (9.5)
0 (0.0)

93.2 (81.7-106.8)

39.4 (31.6-49.8)
66.0 (56.0-77.0)
48.5 (36.5-61.5)
129.0
(105.0-154.0)
6.0 (4.1-8.6)

47.5 (27.6-60.5)

41 (40.2)
24 (23.5)
37 (36.3)

26 (25.5)
71 (69.6)
4(39)
1 (1.0)

96.5 (84.3-103.5)

39.0 (30.8-49.0)
70.0 (57.0-83.0)
49.0 (34.0-64.0)
117.0
(98.0-140.0)
5.9 (4.2-8.3)

42.9 (30.0-59.2)

23 (25.8)
25 (28.1)
41 (46.1)

22 (24.7)
60 (67.4)
7(7.9)
0 (0.0)

94.8 (80.8-105.9)

38.8 (31.4-46.6)
63.0 (55.0-72.5)
53.5 (38.0-73.0)
125.0
(96.0-149.0)
6.4 (3.9-8.3)

442 (28.3-63.3)

30 (31.3)
19 (19.8)
47 (49.0)

17 (17.7)
70 (72.9)
8 (8.3)
1(1.0)

Characteristics are indicated for all participants and separately for each study group. Categorical variables are described by number
of participants N (%); continuous variables are described by their mean (SD) or median (25th-75th percentile). One unit alcohol
corresponds to 1 dl wine, 3 dl beer, or 40 ml liquor. BMI, body mass index; HCTZ, hydrochlorothiazide; IU, international units;

NGIA, net gastrointestinal alkali absorption; PTH, parathyroid hormone.
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Table 2. Bone mineral density at baseline and end of the study
Measurement 12.5 mg HCTZ 25 mg HCTZ 50 mg HCTZ Placebo
(N=98) (N=103) (N=90) (N=97)
Baseline
BMD at T12 segment, HU 176.7 (50.2) 178.5 (48.2) 176.5 (45.4) 182.1 (43.3)
BMD at L1 segment, HU 170.1 (46.5) 172.0 (49.5) 173.4 (44.7) 178.2 (43.0)
BMD at L2 segment, HU 173.9 (59.2) 172.6 (49.8) 172.5 (46.5) 175.9 (44.7)
BMD at L3 segment, HU 164.2 (48.0) 168.3 (48.9) 167.4 (44.7) 172.7 (44.2)
Mean BMD, HU 170.9 (46.8) 172.1 (48.0) 172.4 (44.5) 177.3 (42.9)
End of study
BMD at T12 segment, HU 170.4 (45.0) 1754 (51.8) 173.1 (44.0) 178.8 (42.9)
BMD at L1 segment, HU 165.5 (43.9) 167.1 (52.2) 169.1 (43.1) 171.7 (43.2)
BMD at L2 segment, HU 169.1 (53.6) 169.1 (53.6) 167.6 (52.9) 167.9 (44.9)
BMD at L3 segment, HU 159.7 (48.4) 163.5 (50.5) 162.1 (41.7) 164.9 (43.6)
Mean BMD, HU 165.8 (44.7) 168.0 (50.8) 167.7 (42.5) 170.9 (42.6)
Change of BMD at end of study
BMD at T12 segment, HU —3.6 (19.4) —2.8 (19.3) —5.0 (20.3) —5.3 (19.6)
BMD at L1 segment, HU —4.6 (15.6) —4.9 (19.5) —4.3 (18.5) —6.5 (17.1)
BMD at L2 segment, HU —5.7 (16.8) —4.9 (16.9) —4.6 (17.6) —6.7 (18.3)
BMD at L3 segment, HU —4.5 (18.9) —4.8 (17.3) —5.3 (16.9) -84 (18.2)
Mean BMD, HU —=5.1 (15.1) —4.1 (16.3) —4.8 (15.9) —6.4 (15.7)
Absolute bone mineral density values at baseline and end of the study, and the change of bone mineral density at the end of the
study in all participants, stratified by randomization group. Variables are described by their mean (SD). BMD, bone mineral density;
HCTZ, hydrochlorothiazide; HU, Hounsfield units.

(N=312, 80.4%). Baseline characteristics were similar
between study groups (Table 1). Detailed results of
24-hour urinary kidney stone risk profiles of NOSTONE
participants have been published previously.”” Mean
and per-segment BMD measured at baseline and at
the end of the study across incremental HCTZ doses
and placebo groups are presented in Table 2. Baseline
association analyses showed a direct correlation between
measured BMD and factors known a priori to influence
bone mass. The mean BMD was inversely and strongly
associated with age (Rho Spearman, —0.58; P < 0.001)
and directly associated with eGFR (Rho Spearman, 0.27;
P < 0.001) (Supplemental Figures 1 and 2, respectively).
On the contrary, no baseline correlation between mean
BMD and 24-hour wurinary calcium excretion (Rho
Spearman, —0.007; P = 0.89) or body mass index
(BMI) was noted (Rho Spearman, —0.07; P = 0.19).
Furthermore, there was no association between urinary
citrate excretion and baseline BMD or change of BMD at
the end of the study (Rho Spearman, —0.08; P = 0.13
and —0.05, P = 0.35, respectively).

At the end of the study, the absolute mean BMD was
similar in all study groups (Table 2). No association be-
tween changes in BMD at any segment and 24-hour
urinary calcium excretion was evident at the end of the
study (Supplemental Table 1). The intention-to-treat anal-
ysis, adjusted for age, sex, time of follow-up, number of
past stone events, and baseline BMD, showed no evidence
for a difference in mean BMD at the end of the study
across each HCTZ group versus placebo (Table 3). The
mean BMD decreased by 6.4+15.7 HU in the placebo
group, by 5.1%15.1 in the 12.5 mg HCTZ group (8 co-
efficient versus placebo, 0.37 HU; 95% CI, —1.74 to 2.47;
P = 0.73), by 4.1£16.3 in the 25 mg HCTZ group (B, 0.93
HU; 95% CI, —1.34 to 3.19; P = 0.42), and by 4.8£15.9 in
the 50 mg HCTZ group (B8, 0.70 HU; 95% CI, —1.45 to
2.85; P = 0.52; Figure 1). The results were confirmed when

each vertebral segment was analyzed separately and
when overall HCTZ treatment was compared with pla-
cebo (Table 3). We found no evidence for a relation be-
tween increasing HCTZ dose and BMD at the end of the
study (P for trend, Table 3).

On the basis of a recent large meta-analysis encompass-
ing 91,779 participants of 23 randomized, placebo-
controlled osteoporosis trials, a 1.4% increase of mean
vertebral BMD compared with baseline can be considered
a clinical meaningful change associated with a reduced
fracture risk.>’ With a mean baseline BMD of 170 HU, this
translates to a 2.4 HU change in our cohort that can be
considered as a minimally clinically relevant effect. Con-
fidence distribution analysis indicates a 97% confidence
that the maximum effect of HCTZ on BMD is <2.4 HU
(Figure 2). An effect equal to or greater than this threshold
showed only 3% confidence, suggesting a low likelihood of
HCTZ achieving a clinically meaningful effect on BMD.

To further test our results, a per-protocol analysis was
conducted among participants adhering to the study pro-
tocol. Similarly, subgroup analyses for younger than
50 years and 50 years or older and sex distribution and
sensitivity analyses for possible variables that may have
confounded the association between HCTZ treatment and
BMD, such as 24-hour urine calcium, NGIA, eGFR, and
BMI, were conducted. The results of these models remain
consistent with the main results, as presented in Table 3,
and no evidence for an association between different
HCTZ doses versus placebo or overall HCTZ treatment
and BMD at any vertebral segment was found
(Supplemental Tables 2-5) in any of these models.

Exploratory Outcomes

Exploratory analyses were conducted to investigate
the association between treatment and changes in min-
eral metabolism markers measured at multiple time
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Changes of BMD between study groups
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Figure 1. Box plots depicting changes in mean BMD at the end of the study compared with baseline, at incremental HCTZ doses or
placebo. Boxplots show medians with 25th-75th percentiles. Whiskers represent the range of values within 1.5 times the IQR from
the first and third quartiles. BMD, bone mineral density; HCTZ, hydrochlorothiazide; IQR, interquartile range; ns, nonstatisti-

cally significant.

points during the study. These analyses revealed a reduc-
tion of 1,25(OH), vitamin D3, alkaline phosphatase, and
plasma phosphate in patients receiving HCTZ compared
with placebo (Figure 3 and Table 4). Overall, plasma
calcium was not higher in patients receiving HCTZ com-
pared with patients receiving placebo. However, in the
subgroup of patients receiving the highest dose of 50 mg
HCTZ, plasma calcium was higher compared with patients
receiving placebo (Table 4). Similarly, plasma magnesium
was lower compared with placebo only in the subgroup of
patients receiving 50 mg HCTZ (Table 4). There was no
association with parathyroid hormone and 25-OH vitamin
D; in any of our models (Figure 3 and Table 4).

Discussion

This post hoc analysis of the NOSTONE trial provides
for the first-time unbiased evidence on the effect of a
thiazide on BMD in kidney stone formers, a group of
patients at high risk of vertebral fractures. The results of
the NOSTONE trial outlined similar incidence for kidney
stone recurrence between HCTZ and placebo. Data pre-
sented here further demonstrate that loss of BMD at the
thoracolumbar spine over a period of 3 years was similar
among patients randomized to HCTZ 12.5, 25, or 50 mg
once daily or placebo once daily. We also found no
evidence for a relation between HCTZ dose and change
in BMD. The results of the primary analysis were consis-
tent across several sensitivity analyses. In addition, the
per-protocol and intention-to-treat analysis yielded sim-
ilar results, indicating that poor treatment adherence can-
not explain the findings.

710 CJASN

These results contradict two previous studies conduc-
ted in individuals with hypercalciuria and kidney stones,
which found a protective effect of thiazides on BMD.4041
However, these studies were very small (24 and 28 pa-
tients, respectively), open-label, and evaluated fixed com-
bination therapies of thiazides with potassium citrate.
NOSTONE, on the other hand, was a large double-
blind, placebo-controlled trial using a range of HCTZ
doses as monotherapy in comparison with placebo. In
unselected adult individuals, post hoc analyses of random-
ized controlled trials for arterial hypertension and obser-
vational studies have yielded inconclusive results on the
use of thiazides and fracture risk.#>-7 With respect to
BMD, an established surrogate of fracture risk, the exist-
ing body of evidence in unselected adult individuals, is
also inconclusive. Studies have reported either an increase
or no significant change in BMD in response to thiazide
treatment.*8-51

Biochemically, patients receiving HCTZ displayed hall-
marks of thiazide action, including a significant reduction
of urine calcium.?® However, the HCTZ-induced reduc-
tion of urine calcium (9%-17% compared with baseline
and 15%-16% compared with placebo) was modest. The
efficacy of thiazides in reducing urine calcium correlates
with sodium intake, and guidelines recommend a low
sodium intake (<100 mmol/d or <23 g/d).5?>>* In
NOSTONE, sodium intake was similar across groups
(182-199 mmol/d, corresponding to 4.2-4.6 g/d) yet
higher than recommended, despite repeat dietary instruc-
tions. This observation is comparable with past thiazide
trials for kidney stone recurrence prevention reporting
similar sodium intake during trial follow-up and



LLL STOT ‘AewW ‘81£-90Z :0T NSVID

Table 3. Main results

12.5 mg HCTZ 25 mg HCTZ 50 mg HCTZ Overall HCTZ
versus Placebo versus Placebo versus Placebo versus Placebo
Outcome P for
. N
Variables . P . p . p Trend . P
B 95% CI Value B 95% CI Value B 95% CI Value B 95% CI Value
BMD at T12 716  0.59 (—2.07 to 3.24) 0.67 1.05 (—=1.79 to 3.88) 0.47 0.10 (—2.65 to 2.86) 0.94 0.75 0.61 (—1.66 to 2.87) 0.60
segment, HU
BMD at L1 776 0.51 (—=1.73 to 2.74) 0.66 0.49 (—2.08 to 3.07) 0.71 094 (—1.48 to 3.35) 0.45 0.65 0.63 (—1.35 to 2.62) 0.53
segment, HU
BMD at L2 774 0.004 (—0.01 to 0.02) 0.59 —0.001 (—0.02 to 0.02) 0.94 0.01 (—0.007 to 0.02) 0.32 0.64 0.004 (—0.009 to 0.02) 0.59
segment, HU?
BMD at L3 774  1.53 (—1.04 to 4.11) 0.24 1.52 (—0.93 to 3.97) 0.23 1.37  (—1.02 to 3.76) 0.26 0.93 148  (—0.57 to 3.53) 0.16
segment, HU
Mean BMD, HU 776 0.37 (=1.74 to 2.47) 0.73 0.93 (—=1.34 to 3.19) 0.42 0.70 (—1.45 to 2.85) 0.52 0.71 0.67  (—1.13 to 2.48) 047

Multivariable association between the explanatory variable hydrochlorothiazide treatment, overall and at different doses, and bone mineral density, measured at T12-L3 vertebral segments,
as outcome variable, adjusted for age, sex, time of follow-up, number of previous stone events, and baseline bone mineral density. Analyses conducted in the entire study population. P
values are indicated for each hydrochlorothiazide dose versus Placebo, overall hydrochlorothiazide versus Placebo and for the trend across hydrochlorothiazide doses. 8, B coefficients; BMD,
bone mineral density; CI, confidence interval; HCTZ, hydrochlorothiazide; HU, Hounsfield Units; N, number of observations.

“Natural logarithm transformed.
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Figure 2. Confidence distributions for the primary outcome BMD. Confidence distribution for (A) mean BMD HCTZ versus placebo and
(B—E) segment-specific BMD HCTZ versus placebo. Curves at a specific point indicate the confidence to have a specified maximal effect of
HCTZ (therefore cumulative). Positive mean difference indicates benefit of HCTZ and a negative mean difference harm. The graph can be
used as follows: if one is interested to know how confident one can be that HCTZ has at least a given effect, e.g., it reduces BMD loss by
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Figure 2. (Continued) 2.4 HU as compared with placebo, identify the respective intersection to the confidence distribution, and
the y axis indicates how confident one can be that the effect is of this size or smaller. For mean BMD, we can be 97% confident
that the effect is a maximum of 2.4 HU or, inverted, we have 3% confidence that HCTZ has at least a minimally clinically
relevant effect (green line). Red lines indicate confidence at the null effect. Note the different x axis scale in (D, log transformed

variable). HU, Hounsfield units.

demonstrates the difficulty to achieve a sustained reduc-
tion of sodium intake for several years in kidney stone
formers in the outpatient setting.>>-5¢ We cannot exclude
the possibility that a more stringent sodium restriction or
daily HCTZ doses >50 mg would have shown a benefi-
cial effect of HCTZ on BMD compared with placebo.
Similarly, the more potent thiazides chlorthalidone and
indapamide may have caused a more conspicuous decline
in urine calcium than HCTZ and hence resulted in dif-
ferent findings with respect to BMD changes. Our analysis
indicates that HCTZ affects circulating mineral metabo-
lism markers such as alkaline phosphatase and 1,25(0OH),
vitamin D3, with a trend toward greater plasma calcium
in patients assigned to HCTZ. Because the more potent
chlorthalidone was previously associated with a positive
calcium retention,®” this observation might indicate a
HCTZ-induced modest increase in total calcium bal-
ance,®® which however is not sufficient to significantly
modify BMD after 3 years of follow-up.

Intact PTH, ng/l

HCTZ is by far the most frequently prescribed
thiazide, universally available at low cost and an effective
antihypertensive medication preventing adverse cardiovas-
cular outcomes.” Hypertension is common in kidney stone
formers®’; 43% of NOSTONE participants were hyperten-
sive.?? Yet, adverse events associated with long-term use of
HCTZ as well as the lack of efficacy of HCTZ in preventing
kidney stone recurrence?® and preserving BMD in the short
term (this study) need to be considered when initiating
HCTZ treatment in kidney stone formers, especially in
young adults.

DXA is the gold-standard to assess BMD.¢! CT is an
established and well-validated alternative radiologic imag-
ing modality for BMD assessment because it has both the
advantage of overcoming some of the potential pitfalls and
limitations of DXA, such as osteophytes, fractures, end-
plate sclerosis, aortic, and paravertebral calcifications,®!
and it allows for volumetric three-dimensional acquisition,
which is not possible with DXA.33-3562.63 Osteopenia and

Overall HCTZ vs Placebo

Tot. alkaline phosphatase, 1U/I

25(0OH) Vitamin D3, nmol/l -

—e

T
)

1,25(0OH)2 Vitamin D3, pmol/I

Magnesium, mmol/l

Calcium, mmol/l -

Phosphate, mmol/l

I
I
|
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I
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Figure 3. Forest plot of the association between bone biomarkers and overall HCTZ treatment versus placebo. Values adjusted for age,
sex, time of follow-up, number of previous stone events, and baseline BMD. B coefficients (8) and their relative 95% Cl are reported. Cl,
confidence interval; 1U, international units; PTH, parathyroid hormone.
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Table 4. Exploratory analysis of circulating mineral metabolism parameters

12.5 mg HCTZ versus Placebo 25 mg HCTZ versus Placebo 50 mg HCTZ versus Placebo

Overall HCTZ versus Placebo

Outcome Variables N "Frefscr:l

B 95% CI P Value B 95% CI P Value B 95% CI P Value B 95% CI P Value
Intact PTH, ng/L 1406 0.004 (—0.04 to 0.05) 0.85 0.03 (—0.01 to 0.08) 0.15 —0.009 (—0.06 to 0.04) 0.69 0.57 0.01 (—0.03 to 0.05) 0.60
Alkaline phosphatase, TU/L 1418 —0.03 (—0.05 to —0.003) 0.03 —0.04 (—0.07 to —0.02) 0.002 —0.05 (—0.08 to —0.02) 0.001 0.12 —0.04 (—0.06 to —0.02) <0.001
25-OH vitamin D3, nmol/L 1390 —0.007 (—0.06 to 0.05) 0.80 0.001 (—0.05 to 0.05) 0.98 0.05 (—0.009 to 0.10) 0.10 0.05 0.01 (—0.03 to 0.06) 0.58
1,25(0OH), vitamin D3, pmol/L 1393 —0.06 (=0.10 to —0.01) 0.02 —0.05 (—0.09 to —0.009) 0.02 —0.06 (=0.01 to —0.01) 0.01 0.10 —0.05 (—0.09 to —0.02) 0.002
Magnesium, mmol/1 1395 0.000 (—0.008 to 0.008) 0.94 —0.003 (—0.01 to 0.005) 0.47 —0.01 (—0.02 to —0.003) 0.007 0.11 —0.004 (—0.01 to 0.002) 0.18
Calcium, mmol/1 1419 0.004 (=0.01 to 0.02) 0.61 0.01 (—0.004 to 0.02) 0.17 0.02 (0.001 to 0.03) 0.04 0.06 0.01 (—0.001 to 0.02) 0.08
Phosphate, mmol/1 1418 —0.03 (—0.05 to —0.007) 0.01 —0.03 (—0.05 to —0.006) 0.01 —0.02 (—0.04 to 0.004) 0.11 0.50 —0.02 (—0.04 to —0.007) 0.006

Multivariable association between the explanatory variable hydrochlorothiazide treatment, overall and at different doses, and log-transformed mineral metabolism parameters measured at multiple time points, as outcome variable,
adjusted for age, sex, time of follow-up, number of previous stone events, and baseline variables. Analyses conducted in the intention to treat population. P values are indicated for each hydrochlorothiazide dose versus Placebo, overall
hydrochlorothiazide versus Placebo and for the trend across hydrochlorothiazide doses. 8, B coefficients; CI, confidence interval; HCTZ, hydrochlorothiazide; IU, international units; N, number of observations; PTH, para-

thyroid hormone.
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osteoporosis can be diagnosed with high accuracy with a
noncontrast enhanced CT when compared with DXA.35 In
addition, CT is the imaging method of choice for a plethora
of other clinical indications. This is of particular relevance
in patients with nephrolithiasis, for which abdominal CT
imaging is the gold-standard to assess stones in the kidney
and urine tract. The use of available CT images for BMD
measurements avoids cost, patient time, equipment, soft-
ware, and radiation exposure associated with additional
DXA measurements. CT acquisition in NOSTONE was
highly standardized, allowing direct comparisons of BMD
measurements between baseline and end of study CTs. As
expected from a patient population with a median age of
49 years and a high percentage of men, BMD significantly
decreased over the 3 years of study.®**® In line with the
well-established associations of BMD with age and kidney
function, we observed a highly significant positive associ-
ation of BMD with eGFR and a highly significant negative
association of BMD with age in our study cohort, further
supporting the validity of our BMD measurements. As
outlined in the Methods section, there was excellent intra-
reader and inter-reader agreement of CT-based BMD mea-
surements in our study. The wide SDs of mean BMD
observed in our study therefore do not reflect lack of pre-
cision in BMD measurements but can be attributed to the
substantial heterogeneity in the study population.

Strengths of our study include the prospective, double-
blind, placebo-controlled multicenter design; the large sam-
ple size; and the detailed phenotypic data available. Our
study also has several limitations. First, BMD was mea-
sured at the thoracolumbar spine, where trabecular bone
prevails. We did not assess the effect of treatment on
trabecular bone density at other skeletal sites (e.g., femoral
neck) or on cortical bone (e.g., clavicle or femoral diaph-
ysis). Second, study duration was 3 years; we cannot
exclude a beneficial effect of HCTZ on BMD with a longer
treatment duration. Third, although stone formers are at
significantly higher risk of fractures compared with the
general population, we acknowledge that the underrepre-
sentation of women and older adults in our cohort may
limit the generalizability of our findings to populations
with a higher baseline risk for osteopenia and osteoporosis.
Fourth, although there is excellent correlation between the
two methods, BMD was measured using low-dose CT and
not by the gold-standard DXA. Finally, although sodium
intake was similar in all groups, it exceeded the current
recommendations and thus may have blunted the hypo-
calciuric response and thereby mitigated the effect of
HCTZ on BMD.

In conclusion, we found no evidence that HCTZ at a
dose of 12.5, 25, or 50 mg once daily preserves BMD at the
thoracolumbar spine in patients with recurrent calcium-
containing kidney stones.
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Supplemental Figure 1. Scatterplot of the association between
mean BMD and age of participants at baseline visit.

Supplemental Figure 2. Scatterplot of the association between
mean BMD and eGFR of participants at baseline visit.

Supplemental Figure 3. BMD measurement on the sagittal
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References

1.

. Melton L)

Sakhaee K, Maalouf NM, Kumar R, Pasch A, Moe OW.
Nephrolithiasis-associated bone disease: pathogenesis and
treatment options. Kidney Int. 2011;79(4):393-403. doi:10.
1038/ki.2010.473

. Lucato P, Trevisan C, Stubbs B, et al. Nephrolithiasis, bone

mineral density, osteoporosis, and fractures: a systematic review
and comparative meta-analysis. Osteoporos Int. 2016;27(11):
3155-3164. doi:10.1007/s00198-016-3658-8

. Gambaro G, Croppi E, Coe F, et al. Metabolic diagnosis and

medical prevention of calcium nephrolithiasis and its systemic
manifestations: a consensus statement. / Nephrol. 2016;29(6):
715-734. doi:10.1007/s40620-016-0329-y

1lI, Crowson CS, Khosla S, Wilson DM, O’Fallon
WM. Fracture risk among patients with urolithiasis: a
population-based cohort study. Kidney Int. 1998;53(2):459—
464. doi:10.1046/j.1523-1755.1998.00779.x

. Denburg MR, Leonard MB, Haynes K, et al. Risk of fracture in

urolithiasis: a population-based cohort study using the health
improvement network. Clin /| Am Soc Nephrol. 2014;9(12):
2133-2140. doi:10.2215/CJN.04340514

. Lauderdale DS, Thisted RA, Wen M, Favus MJ. Bone mineral

density and fracture among prevalent kidney stone cases in the
Third National Health and Nutrition Examination Survey. /] Bone
Miner Res. 2001;16(10):1893-1898. doi:10.1359/jbmr.2001.
16.10.1893

. Taylor EN, Feskanich D, Paik JM, Curhan GC. Nephrolithiasis

and risk of incident bone fracture. / Urol. 2016;195(5):1482—
1486. doi:10.1016/j.juro.2015.12.069

. Arrabal-Polo MA, Arrabal-Martin M, de Haro-Munoz T, et al.

Mineral density and bone remodelling markers in patients with
calcium lithiasis. BJU Int. 2011;108(11):1903-1908; discussion
1908. doi:10.1111/j.1464-410X.2011.10167 .x

. Fuss M, Gillet C, Simon J, Vandewalle JC, Schoutens A,

Bergmann P. Bone mineral content in idiopathic renal stone
disease and in primary hyperparathyroidism. Eur Urol. 1983;
9(1):32-34. doi:10.1159/000474039

. Pacifici R, Rothstein M, Rifas L, et al. Increased monocyte

interleukin-1 activity and decreased vertebral bone density in
patients with fasting idiopathic hypercalciuria. / Clin Endocrinol
Metab. 1990;71(1):138-145. doi:10.1210/jcem-71-1-138

. Jaeger P, Lippuner K, Casez JP, Hess B, Ackermann D, Hug C.

Low bone mass in idiopathic renal stone formers: magnitude
and significance. J Bone Miner Res. 1994;9(10):1525-1532. doi:
10.1002/jbmr.5650091004

. Trinchieri A, Nespoli R, Ostini F, Rovera F, Zanetti G, Pisani E.

A study of dietary calcium and other nutrients in idiopathic
renal calcium stone formers with low bone mineral content.
J Urol. 1998;159(3):654-657. doi:10.1016/s0022-5347(01)
63694-2

. Pasch A, Frey FJ, Eisenberger U, Mohaupt MG, Bonny O. PTH

and 1.25 vitamin D response to a low-calcium diet is associated
with bone mineral density in renal stone formers. Nephrol Dial
Transplant. 2008;23(8):2563-2570. doi:10.1093/ndt/gfn091

. Coe FL, Favus MJ, Crockett T, et al. Effects of low-calcium diet

on urine calcium excretion, parathyroid function and serum
1,25(0OH)2D3 levels in patients with idiopathic hypercalciuria
and in normal subjects. Am J Med. 1982;72(1):25-32. doi:10.
1016/0002-9343(82)90567-8

. Pietschmann F, Breslau NA, Pak CY. Reduced vertebral bone

density in hypercalciuric nephrolithiasis. | Bone Miner Res.
1992;7(12):1383-1388. doi:10.1002/jbmr.5650071205

. Letavernier E, Traxer O, Daudon M, et al. Determinants of

osteopenia in male renal-stone-disease patients with idiopathic
hypercalciuria. Clin | Am Soc Nephrol. 2011;6(5):1149-1154.
doi:10.2215/CJN.10191110

716 CJASN

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Asplin JR, Donahue S, Kinder J, Coe FL. Urine calcium

excretion predicts bone loss in idiopathic hypercalciuria.
Kidney Int. 2006;70(8):1463-1467. doi:10.1038/sj.ki.
5001778

. Dhayat NA, Schneider L, Popp AW, et al. Predictors of bone

mineral density in kidney stone formers. Kidney Int Rep. 2022;
7(3):558-567. doi:10.1016/j.ekir.2021.12.003

. Bordier P, Ryckewart A, Gueris J, Rasmussen H. On the

pathogenesis of so-called idiopathic hypercalciuria. Am J
Med. 1977;63(3):398-409. doi:10.1016/0002-9343(77)
90278-9

Malluche HH, Tschoepe W, Ritz E, Meyer-Sabellek W, Massry
SG. Abnormal bone histology in idiopathic hypercalciuria.

J Clin Endocrinol Metab. 1980;50(4):654-658. doi:10.1210/
jcem-50-4-654

de Vernejoul MC, Kuntz D, Miravet L, Goutallier D, Ryckewaert
A. Bone histomorphometric reproducibility in normal patients.
Calcif Tissue Int. 1981;33(4):369-374. doi:10.1007/
BF02409458

Steiniche T, Mosekilde L, Christensen MS, Melsen F. A histo-
morphometric determination of iliac bone remodeling in pa-
tients with recurrent renal stone formation and idiopathic
hypercalciuria. APMIS. 1989;97(4):309-316. doi:10.1111/j.
1699-0463.1989.tb00793.x

Heilberg IP, Martini LA, Szejnfeld VL, et al. Bone disease in
calcium stone forming patients. Clin Nephrol. 1994;42(3):175-
182. PMID: 7994936

Heller HJ, Zerwekh JE, Gottschalk FA, Pak CY. Reduced bone
formation and relatively increased bone resorption in absorptive
hypercalciuria. Kidney Int. 2007;71(8):808-815. doi:10.1038/sj.
ki.5002181

Misael da Silva AM, dos Reis LM, Pereira RC, et al. Bone in-
volvement in idiopathic hypercalciuria. Clin Nephrol. 2002;
57(3):183-191. doi:10.5414/cnp57183

Dvorak MM, De Joussineau C, Carter DH, et al. Thiazide di-
uretics directly induce osteoblast differentiation and mineral-
ized nodule formation by interacting with a sodium chloride co-
transporter in bone. | Am Soc Nephrol. 2007;18(9):2509-2516.
doi:10.1681/ASN.2007030348

Aubin R, Ménard P, Lajeunesse D. Selective effect of thiazides
on the human osteoblast-like cell line MG-63. Kidney Int. 1996;
50(5):1476-1482. doi:10.1038/ki.1996.461

Lajeunesse D, Delalandre A, Guggino SE. Thiazide diuretics
affect osteocalcin production in human osteoblasts at the
transcription level without affecting vitamin D3 receptors.

J Bone Miner Res. 2000;15(5):894-901. doi:10.1359/jbmr.
2000.15.5.894

Dhayat NA, Bonny O, Roth B, et al. Hydrochlorothiazide and
prevention of kidney-stone recurrence. N Engl | Med. 2023;
388(9):781-791. doi:10.1056/NEJM0a2209275

Dhayat NA, Faller N, Bonny O, et al. Efficacy of standard and
low dose hydrochlorothiazide in the recurrence prevention of
calcium nephrolithiasis (NOSTONE trial): protocol for a ran-
domized double-blind placebo-controlled trial. BMC Nephrol.
2018;19(1):349. doi:10.1186/s12882-018-1144-6
Lorente-Ramos R, Azpeitia-Arman J, Munoz-Hernandez A,
Garcia-Gomez JM, Diez-Martinez P, Grande-Barez M. Dual-
energy x-ray absorptiometry in the diagnosis of osteoporosis: a
practical guide. AJR Am J Roentgenol. 2011;196(4):897-904.
doi:10.2214/AJR.10.5416

Lee S, Chung CK, Oh SH, Park SB. Correlation between bone
mineral density measured by dual-energy X-ray absorptiometry
and Hounsfield units measured by diagnostic CT in lumbar
spine. J Korean Neurosurg Soc. 2013;54(5):384-389. doi:10.
3340/jkns.2013.54.5.384

Buenger F, Eckardt N, Sakr Y, Senft C, Schwarz F. Correlation of
bone density values of quantitative computed tomography and
Hounsfield units measured in native computed tomography in
902 vertebral bodies. World Neurosurg. 2021;151:€599-e606.
doi:10.1016/j.wneu.2021.04.093

Schwaiger BJ, Gersing AS, Baum T, Noél PB, Zimmer C, Bauer
JS. Bone mineral density values derived from routine lumbar
spine multidetector row CT predict osteoporotic vertebral
fractures and screw loosening. AINR Am | Neuroradiol. 2014;
35(8):1628-1633. doi:10.3174/ajnr.A3893


http://links.lww.com/CJN/C196
http://links.lww.com/CJN/C196
http://links.lww.com/CJN/C196
https://doi.org/10.1038/ki.2010.473
https://doi.org/10.1038/ki.2010.473
https://doi.org/10.1007/s00198-016-3658-8
https://doi.org/10.1007/s40620-016-0329-y
https://doi.org/10.1046/j.1523-1755.1998.00779.x
https://doi.org/10.2215/CJN.04340514
https://doi.org/10.1359/jbmr.2001.16.10.1893
https://doi.org/10.1359/jbmr.2001.16.10.1893
https://doi.org/10.1016/j.juro.2015.12.069
https://doi.org/10.1111/j.1464-410X.2011.10167.x
https://doi.org/10.1159/000474039
https://doi.org/10.1210/jcem-71-1-138
https://doi.org/10.1002/jbmr.5650091004
https://doi.org/10.1016/s0022-5347(01)63694-2
https://doi.org/10.1016/s0022-5347(01)63694-2
https://doi.org/10.1093/ndt/gfn091
https://doi.org/10.1016/0002-9343(82)90567-8
https://doi.org/10.1016/0002-9343(82)90567-8
https://doi.org/10.1002/jbmr.5650071205
https://doi.org/10.2215/CJN.10191110
https://doi.org/10.1038/sj.ki.5001778
https://doi.org/10.1038/sj.ki.5001778
https://doi.org/10.1016/j.ekir.2021.12.003
https://doi.org/10.1016/0002-9343(77)90278-9
https://doi.org/10.1016/0002-9343(77)90278-9
https://doi.org/10.1210/jcem-50-4-654
https://doi.org/10.1210/jcem-50-4-654
https://doi.org/10.1007/BF02409458
https://doi.org/10.1007/BF02409458
https://doi.org/10.1111/j.1699-0463.1989.tb00793.x
https://doi.org/10.1111/j.1699-0463.1989.tb00793.x
https://doi.org/10.1038/sj.ki.5002181
https://doi.org/10.1038/sj.ki.5002181
https://doi.org/10.5414/cnp57183
https://doi.org/10.1681/ASN.2007030348
https://doi.org/10.1038/ki.1996.461
https://doi.org/10.1359/jbmr.2000.15.5.894
https://doi.org/10.1359/jbmr.2000.15.5.894
https://doi.org/10.1056/NEJMoa2209275
https://doi.org/10.1186/s12882-018-1144-6
https://doi.org/10.2214/AJR.10.5416
https://doi.org/10.3340/jkns.2013.54.5.384
https://doi.org/10.3340/jkns.2013.54.5.384
https://doi.org/10.1016/j.wneu.2021.04.093
https://doi.org/10.3174/ajnr.A3893

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Pickhardt PJ, Pooler BD, Lauder T, del Rio AM, Bruce RJ,
Binkley N. Opportunistic screening for osteoporosis using ab-
dominal computed tomography scans obtained for other indi-
cations. Ann Intern Med. 2013;158(8):588-595. doi:10.7326/
0003-4819-158-8-201304160-00003

Marques ML, da Silva NP, van der Heijde D, et al. Hounsfield
Units measured in low dose CT reliably assess vertebral tra-
becular bone density changes over two years in axial spon-
dyloarthritis. Semin Arthritis Rheum. 2023;58:152144. doi:10.
1016/j.semarthrit.2022.152144

Oh MS. A new method for estimating G-I absorption of alkali.
Kidney Int. 1989;36(5):915-917. doi:10.1038/ki.1989.280
Shakespeare TP, Gebski V], Veness MJ, Simes J. Improving
interpretation of clinical studies by use of confidence levels,
clinical significance curves, and risk-benefit contours. Lancet.
2001;357(9265):1349-1353. doi:10.1016/S0140-6736(00)
04522-0

Black DM, Bauer DC, Vittinghoff E, et al. Treatment-related
changes in bone mineral density as a surrogate biomarker for
fracture risk reduction: meta-regression analyses of individual
patient data from multiple randomised controlled trials. Lancet
Diabetes Endocrinol. 2020;8(8):672—-682. doi:10.1016/52213-
8587(20)30159-5

Pak CY, Heller HJ, Pearle MS, Odvina CV, Poindexter JR,
Peterson RD. Prevention of stone formation and bone loss in
absorptive hypercalciuria by combined dietary and pharma-
cological interventions. J Urol. 2003;169(2):465-469. doi:10.
1097/01.ju.0000047341.55340.19

Rico H, Revilla M, Villa LF, Arribas I, de Buergo MA. A lon-
gitudinal study of total and regional bone mineral content and
biochemical markers of bone resorption in patients with idio-
pathic hypercalciuria on thiazide treatment. Miner Electrolyte
Metab. 1993;19(6):337-342. PMID: 8164614

Charkos TG, Liu Y, Jin L, Yang S. Thiazide use and fracture risk:
an updated bayesian meta-analysis. Sci Rep. 2019;9(1):19754.
doi:10.1038/541598-019-56108-4

Wang J, Su K, Sang W, Li L, Ma S. Thiazide diuretics and the
incidence of osteoporotic fracture: a systematic review and
meta-analysis of cohort studies. Front Pharmacol. 2019;10:
1364. doi:10.3389/fphar.2019.01364

Aung K, Htay T. Thiazide diuretics and the risk of hip fracture.
Cochrane Database Syst Rev. 2011;(10):CD005185. doi:10.
1002/14651858.CD005185.pub2

Wiens M, Etminan M, Gill SS, Takkouche B. Effects of anti-
hypertensive drug treatments on fracture outcomes: a meta-
analysis of observational studies. J Intern Med. 2006;260(4):
350-362. doi:10.1111/j.1365-2796.2006.01695.x

Xiao X, Xu Y, Wu Q. Thiazide diuretic usage and risk of
fracture: a meta-analysis of cohort studies. Osteoporos Int.
2018;29(7):1515-1524. doi:10.1007/s00198-018-4486-9
Desbiens LC, Khelifi N, Wang YP, et al. Thiazide diuretics and
fracture risk: a systematic review and meta-analysis of ran-
domized clinical trials. JBMR Plus. 2022;6(11):e10683. doi:10.
1002/jbm4.10683

LaCroix AZ, Ott SM, Ichikawa L, Scholes D, Barlow WE. Low-
dose hydrochlorothiazide and preservation of bone mineral
density in older adults. A randomized, double-blind, placebo-
controlled trial. Ann Intern Med. 2000;133(7):516-526. doi:10.
7326/0003-4819-133-7-200010030-00010

Giles TD, Sander GE, Roffidal LE, Quiroz AC, Mazzu AL. Com-
parative effects of nitrendipine and hydrochlorothiazide on cal-
ciotropic hormones and bone density in hypertensive patients. Am
J Hypertens. 1992;5(12 Pt 1):875-879. doi:10.1093/ajh/5.12.875
Reid IR, Ames RW, Orr-Walker BJ, et al. Hydrochlorothiazide
reduces loss of cortical bone in normal postmenopausal

AFFILIATIONS

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

HCTZ and BMD in Patients with Nephrolithiasis, Christe et al.

women: a randomized controlled trial. Am J Med. 2000;109(5):
362-370. doi:10.1016/s0002-9343(00)00510-6
Pérez-Castrillon JL, Silva J, Justo |, et al. Effect of quinapril,
quinapril-hydrochlorothiazide, and enalapril on the

bone mass of hypertensive subjects: relationship with
angiotensin converting enzyme polymorphisms. Am J
Hypertens. 2003;16(6):453-459. doi:10.1016/s0895-
7061(03)00845-8

Pearle MS, Goldfarb DS, Assimos DG, et al. Medical man-
agement of kidney stones: AUA guideline. J Urol. 2014;192(2):
316-324. doi:10.1016/j.juro.2014.05.006

Ljungberg B, Albiges L, Bedke J, et al. presented at the EAU
Annual Congress Madrid 2025. Accessed March 21, 2025.
https://uroweb.org/guidelines/urolithiasis/chapter/citation-
information

Forciea MA, Starkey M. Prevention of repeated episodes of
kidney stones in adults: a clinical practice guideline from the
American College of Physicians. Ann Intern Med. 2014;161(9):
1-24. doi:10.7326/P14-9038

Scholz D, Schwille PO, Sigel A. Double-blind study with thi-
azide in recurrent calcium lithiasis. / Urol. 1982;128(5):903—
907. doi:10.1016/s0022-5347(17)53269-3

Borghi L, Meschi T, Guerra A, Novarini A. Randomized pro-
spective study of a nonthiazide diuretic, indapamide, in pre-
venting calcium stone recurrences. | Cardiovasc Pharmacol.
1993;22(suppl 6):578-586. doi:10.1097/00005344-199306226-
00014

Coe FL, Parks JH, Bushinsky DA, Langman CB, Favus M.
Chlorthalidone promotes mineral retention in patients with
idiopathic hypercalciuria. Kidney Int. 1988;33(6):1140-1146.
doi:10.1038/ki.1988.122

Evenepoel P, Jorgensen HS, Bover J, et al. Recommended
calcium intake in adults and children with chronic

kidney disease-a European consensus statement. Nephrol
Dial Transplant. 2024;39(2):341-366. doi:10.1093/ndt/
gfad185

Ishani A, Cushman WC, Leatherman SM, et al. Chlorthalidone
vs. Hydrochlorothiazide for hypertension-cardiovascular events.
N Engl ] Med. 2022;387(26):2401-2410. doi:10.1056/
NEJMoa2212270

Shang W, Li Y, Ren Y, Yang Y, Li H, Dong J. Nephrolithiasis
and risk of hypertension: a meta-analysis of observational
studies. BMC Nephrol. 2017;18(1):344. doi:10.1186/s12882-
017-0762-8

Garg MK, Kharb S. Dual energy X-ray absorptiometry: pitfalls in
measurement and interpretation of bone mineral density. Indian
J Endocrinol Metab. 2013;17(2):203-210. doi:10.4103/2230-
8210.109659

Adams JE. Quantitative computed tomography. Eur / Radiol.
2009;71(3):415-424. doi:10.1016/j.ejrad.2009.04.074
Whittier DE, Boyd SK, Burghardt A, et al. Guidelines for the
assessment of bone density and microarchitecture in vivo using
high-resolution peripheral quantitative computed tomography.
Osteoporos Int. 2020;31(9):1607-1627. doi:10.1007/s00198-
020-05438-5

Lee J, Lee S, Jang S, Ryu OH. Age-related changes in the
prevalence of osteoporosis according to gender and skeletal site:
the korea national health and nutrition examination survey
2008-2010. Endocrinol Metab (Seoul). 2013;28(3):180-191.
doi:10.3803/EnM.2013.28.3.180

Zanatta M, Valenti MT, Donatelli L, Zucal C, Dalle Carbonare
L. Runx-2 gene expression is associated with age-related
changes of bone mineral density in the healthy young-adult
population. J Bone Miner Metab. 2012;30(6):706-714. doi:10.
1007/s00774-012-0373-1

'Department of Radiology, Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland

’Department of Nephrology and Hypertension, Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland
*Nephrology and Dialysis Care Center, B. Braun Medical Care AG, Hochfelden, Ziirich, Switzerland

“Service of Nephrology, Lausanne University Hospital, University of Lausanne, Lausanne, Switzerland

*Service of Nephrology, Fribourg State Hospital and University of Fribourg, Fribourg, Switzerland

®Department of Nephrology, University Hospital Zirich, Zirich, Switzerland

CJASN 20: 706-718, May, 2025 717


https://doi.org/10.7326/0003-4819-158-8-201304160-00003
https://doi.org/10.7326/0003-4819-158-8-201304160-00003
https://doi.org/10.1016/j.semarthrit.2022.152144
https://doi.org/10.1016/j.semarthrit.2022.152144
https://doi.org/10.1038/ki.1989.280
https://doi.org/10.1016/S0140-6736(00)04522-0
https://doi.org/10.1016/S0140-6736(00)04522-0
https://doi.org/10.1016/S2213-8587(20)30159-5
https://doi.org/10.1016/S2213-8587(20)30159-5
https://doi.org/10.1097/01.ju.0000047341.55340.19
https://doi.org/10.1097/01.ju.0000047341.55340.19
https://doi.org/10.1038/s41598-019-56108-4
https://doi.org/10.3389/fphar.2019.01364
https://doi.org/10.1002/14651858.CD005185.pub2
https://doi.org/10.1002/14651858.CD005185.pub2
https://doi.org/10.1111/j.1365-2796.2006.01695.x
https://doi.org/10.1007/s00198-018-4486-9
https://doi.org/10.1002/jbm4.10683
https://doi.org/10.1002/jbm4.10683
https://doi.org/10.7326/0003-4819-133-7-200010030-00010
https://doi.org/10.7326/0003-4819-133-7-200010030-00010
https://doi.org/10.1093/ajh/5.12.875
https://doi.org/10.1016/s0002-9343(00)00510-6
https://doi.org/10.1016/s0895-7061(03)00845-8
https://doi.org/10.1016/s0895-7061(03)00845-8
https://doi.org/10.1016/j.juro.2014.05.006
https://uroweb.org/guidelines/urolithiasis/chapter/citation-information
https://uroweb.org/guidelines/urolithiasis/chapter/citation-information
https://doi.org/10.7326/P14-9038
https://doi.org/10.1016/s0022-5347(17)53269-3
https://doi.org/10.1097/00005344-199306226-00014
https://doi.org/10.1097/00005344-199306226-00014
https://doi.org/10.1038/ki.1988.122
https://doi.org/10.1093/ndt/gfad185
https://doi.org/10.1093/ndt/gfad185
https://doi.org/10.1056/NEJMoa2212270
https://doi.org/10.1056/NEJMoa2212270
https://doi.org/10.1186/s12882-017-0762-8
https://doi.org/10.1186/s12882-017-0762-8
https://doi.org/10.4103/2230-8210.109659
https://doi.org/10.4103/2230-8210.109659
https://doi.org/10.1016/j.ejrad.2009.04.074
https://doi.org/10.1007/s00198-020-05438-5
https://doi.org/10.1007/s00198-020-05438-5
https://doi.org/10.3803/EnM.2013.28.3.180
https://doi.org/10.1007/s00774-012-0373-1
https://doi.org/10.1007/s00774-012-0373-1

CLINICAL RESEARCH | www.cjasn.org

’Department of Nephrology, Regional Hospital Lugano, Lugano, Switzerland

®Department of Nephrology, Cantonal Hospital Graubinden, Chur, Switzerland

“Department of Nephrology and Transplantation Medicine, Cantonal Hospital St. Gallen, St. Gallen, Switzerland
“Department of Internal Medicine, Regional Hospital Bellinzona, Bellinzona, Switzerland

""Medical Outpatient Department, University Hospital Basel, University of Basel, Basel, Switzerland
2Department of Nephrology, Cantonal Hospital Luzern, Luzern, Switzerland

Division of Nephrology, Dialysis and Transplantation, Cantonal Hospital Aarau, Aarau, Switzerland
"“Department of Nephrology, HUG, University Hospital Geneva, University of Geneva, Geneva, Switzerland
Service de Nephrology, Centre Hospitalier du Valais Romand, CHVR, Sion, Switzerland

16Department of Clinical Research, University of Bern, Bern, Switzerland

"Department of Urology, Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland

718 CJASN



