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Introduction

Guidelines from the American College of Physicians (ACP) recommend use of a thiazide
diuretic, alkali citrate therapy, or allopurinol in patients with kidney stone disease, who
suffer recurrences despite increased fluid intake.! The ACP guidelines do not endorse
24-hour urine testing prior to prescribing one of these preventive pharmacological therapy
(PPT) agents. Such an empiric approach to stone prevention is supported by emerging data
that show comparable rates of stone-related events among patients on PPT, regardless of
whether 24-hour urine testing was performed prior to prescribing.2:3

Importantly, the ACP guidelines also do not differentiate between the three classes of PPT
agents. Rather the guidelines view them as “monolithic” with respect to their effectiveness.
However, there are compelling reasons to believe that their effects may differ. For instance,
thiazide diuretics can cause hypocitraturia,* which is a risk factor for calcium stone
formation.> What is more, alkali citrate therapy increases urine pH, which, if not monitored,
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could alter one’s calcium phosphate stone risk.® Further, the benefit of allopurinol is
unclear in patients with normal urine uric acid excretion, or those with high urine calcium
excretion.’

In the absence of any ongoing or planned clinical trials to directly compare the empiric use
of these PPT agents with one another, we conducted an observational study. Specifically,
we used medical claims data to identify working-age adults with physician-coded diagnoses
of kidney stone disease who were prescribed a thiazide diuretic, alkali citrate therapy,

or allopurinol without prior 24-hour urine testing. We then evaluated for differences in

the frequency of emergency department (ED) visits, hospitalization, and stone-directed
surgery among these patients over a three-year time period based on the class of PPT agent
prescribed.

Methods

Data source and study population

We used Optum’s de-identified Clinformatics® Data Mart Database (2008-2018), which is
a commercial and Medicare Advantage U.S. database that captures all inpatient, outpatient,
ED, and pharmacy encounters for an estimated 83 million beneficiaries. Figure 1 is a flow
diagram illustrating our cohort construction.

We identified patients aged 18 to 64 years with at least one kidney stone procedure or two
kidney stone-related encounters between January 1, 2008, to December 31, 2015. Please see
Supplementary Table 1 for a complete list of the Current Procedural Terminology (CPT)
and /nternational Classification of Diseases (ICD) codes that we used for this identification.
For those identified by kidney stone-related encounters, we indexed based on the earlier

of the two encounters. We excluded patients who were insured by Medicare and those
without continuous enrollment during the year prior to their index stone encounter to ensure
availability of claims for comorbidity adjustment. To make certain of adequate follow-up,
we additionally excluded beneficiaries with Medicare enrollment and without continuous
enrollment during the three years following receiving PPT.

Distinguishing patients receiving empiric PPT
We used appropriate National Drug Codes to identify the subset that had a prescription fill
for at least 30 days’ supply of a PPT agent (i.e., thiazides, alkali citrate, or allopurinol)
within 12 months of the date after their index stone encounter. A complete list of
medications that we considered for PPT can be found in Supplementary Table 2. To guard
against PPT prescription fills unrelated to a kidney stone diagnosis, we excluded patients
who were prescribed a PPT agent within six months prior to their index stone encounter.
Given that our focus was on patients who received empiric PPT, we excluded those who
underwent 24-hour urine testing before their first PPT prescription fill using the CPT code
for a 24-hour urine oxalate (83945), which is highly specific for kidney stone evaluation.2:8
We excluded patients receiving multiple PPT classes within the first six months after the
initial PPT fill in order to facilitate comparisons between different PPT monotherapies.
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Assessing kidney stone-related events

We determined recurrence-free probability of a stone-related ED visit, hospitalization, or
surgery up to three years after the initial PPT prescription fill. We did not count any events
within the first six months after PPT initiation, as these encounters would be unlikely
attributable to treatment failure in such a short timeframe. We used relevant place of
service codes in the Optum database to identify ED visits and hospitalizations associated
with any diagnosis of kidney stone disease during the encounter (see Supplementary Table
1).910 We identified stone-related surgery using both CPT and ICD procedure codes (see
Supplementary Table 1).

Statistical analysis

For our initial analytic step, we compared patients receiving empiric thiazides, alkali citrate,
or allopurinol over a variety of sociodemographic characteristics, including age, gender,
race/ethnicity, education, and region of residence. We also examined for differences based
on their level of comorbid illness (as defined by the Charlson Index!1), PPT adherence
(defined as >80% days covered from start of PPT to six months2), and whether there

were concurrent diagnoses putting the patient at higher risk for kidney stone recurrence
(see Supplementary Table 3).” We made comparisons using chi-square tests for categorical
variables and one-way ANOVA tests for continuous variables. We adjusted our P-values to
account for multiple comparisons using the Holm-Bonferroni method.

Next, we compared unadjusted frequencies of stone-related ED visit, hospitalization, both
individually and overall, among patients receiving thiazide, alkali citrate, or allopurinol
empiric PPT. We then fit a multivariable logistic regression model to estimate the odds

of a stone-related event at three years of follow-up, adjusting for the patient factors
described above. Given the correlated nature of our data (patients nested within providers),
we calculated robust standard errors using the Huber White sandwich estimator.13 From
these models, we determined adjusted frequencies of our outcomes by computing predicted
population marginal means at each level of the variable of interest.

Finally, we performed sensitivity analyses to test the robustness of our findings. In
particular, we refit our regression models, relaxing our continuous medication coverage
requirements. To do this, we allowed for up to 14 days and 30 days of gaps in medication
coverage.

Finally, for the most common medications for thiazides (hydrochlorothiazide, n=744), alkali
citrate (potassium citrate, n=611), and allopurinol, we evaluated for an association between
the daily dosage prescribed within each medication subclass and our outcomes of interest.

We conducted all analyses using SAS software, Version 9.4 (SAS Institute Inc., Cary, NC).
We performed two-sided significance testing with alpha set at 0.05. The Institutional Review
Board at the University of Michigan Health System deemed that this study was exempt from
its oversight.
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In total, there were 3,046 patients on empiric PPT, of whom 1,834 were prescribed a
thiazide, 654 with alkali citrate, and 558 with allopurinol. Table 1 shows the cohort
characteristics by PPT class. Patients on allopurinol were less commonly female (13%
versus 43% with alkali citrate and 45% with thiazides, p<0.01) and were more likely to
have comorbid conditions predisposing to kidney stone formation (44% vs 27% with alkali
citrate and 24% with thiazides, p<0.01). Rates of PPT adherence were higher among those
on allopurinol and thiazides compared to alkali citrate (allopurinol and thiazides each 38%
vs 13% for alkali citrate, p<0.01). Additional differences were observed among the groups
by age at diagnosis, race/ethnicity, education, and region of residence.

Unadjusted and adjusted rates of kidney stone-related events up to three years are shown in
Figure 2 by PPT class. The unadjusted rate of any stone event was lowest for the thiazide
group (14.8%) compared to allopurinol (21.0%) and alkali citrate (21.9%; allopurinol vs
thiazide p=0.001, alkali citrate vs thiazide p<0.001). These differences favoring thiazides
persisted even after adjustment for patient factors (thiazides 14.8%, allopurinol and alkali
citrate each 20.4%; allopurinol vs thiazides p=0.004, alkali citrate vs thiazide p=0.001).
Put differently, thiazides, when compared to allopurinol, were associated with 32% lower
odds of a subsequent stone event by three years (OR 0.68, 95% CI 0.53-0.88). No such
association was observed when comparing alkali citrate to allopurinol (OR 1.00, 95% ClI
0.75-1.34).

Supplementary Table 5 shows that, when examining individual stone-related outcomes, the
thiazide PPT cohort had the lowest adjusted probability of stone-related ED visits (9.6% vs
14.4% allopurinol and 12.1% alkali citrate), hospital admissions (1.0% vs 2.4% allopurinol
and 1.8% alkali citrate), and procedures (8.5% vs 11.3% allopurinol and 12.6% alkali
citrate). Sensitivity analysis adjusting for receiving six months continuous days supply
defined as <14 days, or <30 days had similar findings (Supplementary Table 6). Comparing
those on a daily dose of hydrochlorothiazide <12.5mg, no significant differences in the
subsequent odds of a stone event were observed at higher daily doses (see Supplementary
Table 7). However, when comparing potassium citrate daily dosing of <20mEq daily, there
was a positive dose response with higher doses (p-value for linear trend 0.03), indicating a
higher odds of a subsequent stone event at higher doses (see Supplementary Table 7). No
differences were seen in outcomes comparing allopurinol =300mg daily to the <300mg daily
(see Supplementary Table 7)

Discussion

In this study comparing empiric PPT monotherapy among patients with kidney stone
disease, there were several important findings. First, compared to alkali citrate and
allopurinol, thiazides represent the most common medication class prescribed overall

and among those with high-risk comorbid conditions predisposing to kidney stone risk.

The relatively high prevalence of allopurinol prescriptions is surprising given the modest
evidence demonstrating the drug is useful for prevention of stones. Second, rates of
medication adherence to PPT use up to six months were lowest with alkali citrate, while they
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were comparable for thiazides and allopurinol. Third, after accounting for patient factors and
medication adherence, thiazide use was associated with a lower risk of a subsequent stone
event when compared to allopurinol use, whereas no significant differences were observed
comparing alkali citrate to allopurinol.

No prior studies have compared the effectiveness of PPT across medication classes on
subsequent stone events. Evidence supporting the effectiveness of empiric approaches to
PPT have been drawn from alkali citrate and thiazide trials that did not require low

urinary citrate and high urine calcium as respective inclusion criteria.14-19 A prior study

of patients with calcium oxalate stones and higher urine calcium comparing potassium
citrate versus hydrochlorothiazide showed favorable changes in urinary parameters with
both interventions, but did not examine kidney stone recurrence.2% While alkali citrate is
commonly used as PPT in the setting of hypocitraturia and low urine pH,21:22 in this study
where the patients did not receive 24-hour urine testing, we did not observe a benefit of
alkali citrate over allopurinol. Higher daily doses of potassium citrate were associated with a
higher odds of a subsequent stone event — though this finding should not be over interpreted
and warrants further investigation, since the clinical indication for higher alkali doses is not
readily available from this dataset. It is possible that 24-hour urine testing helps select ideal
candidates for alkali citrate use, since it can raise urine pH and promote calcium phosphate
stone formation.

The findings of this study are relevant in clinical scenarios when 24-hour urine testing

is not available or there is a lack of clinical expertise to interpret and act on its results.
While the AUA guidelines recommend 24-hour urine testing in high risk or any motivated
patient, there are no statements on whether empiric therapy is appropriate.21 A prior study
reported a 7.4% prevalence of 24-hour urine testing among patients with high-risk comorbid
conditions at risk for kidney stone recurrence,23 and when performed, 24-hour urine testing
is beneficial specifically among patients with a history of multiple stone events is beneficial
compared to empiric therapy.2# On the other hand, establishing empiric PPT approaches to
kidney stone prevention may lower the barrier for clinicians to initiate treatment, especially
in the primary care setting. Additionally, thiazides are widely available, cheap, accepted by
clinicians for decades, and in this study appear effective at the lowest doses given.

There are several limitations to this study. The administrative dataset lacks detail beyond
kidney stone diagnosis and procedures codes. Information including dietary interventions,
prior stone episodes, stone analyses and serum laboratory results are not available. Due

to the observational design, there may be unmeasured differences between the different

PPT groups and residual confounding. Patients receiving thiazides and allopurinol often had
respective hypertension and gout diagnoses within 12 months of the first prescription (83%
and 49%, respectively), suggesting that patients may have received these medications to treat
other chronic conditions rather primarily for kidney stone disease. Our adherence assessment
up to 6 months based on prescription fills assumed the provider did not discontinue or
modify the therapy during that timeframe, and that the patients took the medications

for each medication fill. Since some forms of alkali citrate can be obtained without a
prescription, our data would not have captured those who were taking over-the-counter alkali
citrate. Additionally, these data from working-age adults may not be generalizable to other
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populations, including older populations and those who lack insurance coverage. Further
studies are needed to confirm the dose response relationships in the empiric setting.

Future efforts could examine the effectiveness of empiric combination therapy. Two trials
of patients with recurrent calcium stones comparing thiazide-based combinations versus
thiazide monotherapy did not find differences in stone recurrence risk.2526 A potential side
effect of thiazide use is hypokalemia and hypocitraturia, both of which can be prevented
with potassium supplementation.* Thus, combination thiazide and potassium citrate therapy
may comprise the ideal empiric PPT. Future studies can also examine longer periods of
follow-up (e.g. 5 years or longer), since kidney stone recurrence does not occur in the short
term. Additionally, since PPT are typically prescribed long term with potential side effects,
further studies could be performed to examine optimal dosing strategies and the role of
continuous versus intermittent treatment.

Conclusions

In this study of working age adults with kidney stone disease, empiric PPT with thiazides
is associated with lower rates of subsequent stone-related events by three years compared
to alkali citrate or allopurinol. These findings are consistent when accounting for patient
factors and medication adherence. These data suggest that empiric thiazides may be
preferred for stone recurrence prevention when 24-hour urine testing is not available.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flowchart for cohort selection
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Unadjusted and adjusted rates of symptomatic stone recurrence over 3 years comparing
empiric preventive pharmacologic monotherapies.
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