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Abstract
Background and objectives Current guidelines recommend 24-hour urine testing in the evaluation and treatment
of persons with high-risk urinary stone disease. However, how much clinicians use information from 24-hour
urine testing to guide secondary prevention strategies is unknown. We sought to determine the degree to which
clinicians initiate or continue stone disease–related medications in response to 24-hour urine testing.
Design, setting, participants, & measurements We examined a national cohort of 130,489 patients with incident
urinary stone disease in the Veterans Health Administration between 2007 and 2013 to determine whether
prescription patterns for thiazide diuretics, alkali therapy, and allopurinol changed in response to 24-hour urine
testing.
Results Stone formers who completed 24-hour urine testing (n=17,303; 13%) were signiﬁcantly more likely to be
prescribed thiazide diuretics, alkali therapy, and allopurinol compared with those who did not complete a 24-hour
urine test (n=113,186; 87%). Prescription of thiazide diuretics increased in patients with hypercalciuria
(9% absolute increase if urine calcium 201–400 mg/d; 21% absolute increase if urine calcium .400 mg/d, P,0.001).
Prescription of alkali therapy increased in patients with hypocitraturia (24% absolute increase if urine citrate
201–400 mg/d; 34% absolute increase if urine citrate #200 mg/d, P,0.001). Prescription of allopurinol increased in
patients with hyperuricosuria (18% absolute increase if urine uric acid .800 mg/d, P,0.001). Patients who had
visited both a urologist and a nephrologist within 6 months of 24-hour urine testing were more likely to have been
prescribed stone-related medications than patients who visited one, the other, or neither.
Conclusions Clinicians adjust their treatment regimens in response to 24-hour urine testing by increasing the
prescription of medications thought to reduce risk for urinary stone disease. Most patients who might beneﬁt from
targeted medications remain untreated.
CJASN 14: ccc–ccc, 2019. doi: https://doi.org/10.2215/CJN.03580319

Introduction
Urinary stone disease or urolithiasis imposes a major
health and economic burden in the United States. The
prevalence of urolithiasis has been estimated to be
11% for men and 7% for women and continues to rise;
prevalence is now twice as high as it was three
decades ago (1,2). The burden of urolithiasis is further
compounded by a high likelihood of recurrence,
estimated to be 50% within 5–10 years of ﬁrst stone
occurrence and 75% in 20 years (3,4). Therefore,
secondary prevention strategies that aim to reduce
risk for urinary stone disease hold the promise of
diminishing the health and economic consequences of
this disease.
Twenty-four-hour urine testing is the current standard for diagnosing urinary abnormalities responsible
for stone recurrence and for guiding speciﬁc dietary
and pharmacologic interventions for secondary prevention of urolithiasis. The clinical value of 24-hour
urine testing is highlighted by practice guidelines
from the American Urological Association and the
www.cjasn.org Vol 14 December, 2019
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European Association of Urology, both of which
recommend 24-hour urine testing for evaluating and
treating people who are high-risk or interested ﬁrsttime stone formers and recurrent stone formers (5,6).
However, clinicians use 24-hour urine testing in only a
minority of patients with urinary stone disease (7–9).
Milose et al. (7) estimated the frequency of 24-hour
urine testing to be between 7% and 8% in patients who
are high-risk ﬁrst-time stone formers. Dauw et al. (8)
showed that only 16% of stone formers receive a
repeat 24-hour urine test within 6 months of their
initial test.
We sought to determine whether clinicians initiate
or continue stone-related medications in response to
24-hour urine testing by examining a national cohort
of patients cared for within the Veterans Health
Administration (VHA). We used a national cohort
of patients in the VHA because it provides researchers
the ability to link diagnostic claims, laboratory test
results, and pharmacy prescriptions. In addition, these
patients have similar access to medical care across the
Copyright © 2019 by the American Society of Nephrology
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country, thus reducing detection bias that may be present
in more fragmented civilian health care systems. We
hypothesized that clinicians appropriately adjust their
practice patterns by increasing prescriptions of medications
that may reduce risk for urolithiasis (thiazides, alkali, and
allopurinol).

Materials and Methods
Data and Study Population
The Veterans Affairs Palo Alto Health Care System
Research and Development Committee and Stanford University Institutional Review Board approved this study. We
used inpatient and outpatient data from the VHA for the
calendar years 2007 through 2013 to identify patients with
urinary stone disease. We deﬁned urinary stone disease in
patients when they had one or more inpatient International
Classiﬁcation of Diseases, Ninth Revision (ICD-9) codes for
kidney stones; two or more outpatient ICD-9 codes for
kidney stones; or one or more Current Procedural Terminology codes for kidney stone procedures (Supplemental
Table 1), as described previously (10). We limited our
analytic cohort to patients who were free from a stone
diagnosis or procedure in the 2 years before entry into
the cohort to capture how clinicians respond to a new
stone event. Each patient entered the cohort once, at the
time of his or her ﬁrst qualiﬁcation as a stone former
during the observation period. We used the national
VHA Corporate Data Warehouse to abstract individual
demographic information. We used Veterans Integrated
Service Network codes to identify geographic regions
(Supplemental Table 2). We used clinic stop codes to
identify the type of stone specialty follow-up visit
(nephrology or urology) as well as nutrition/dietitian
clinic visits (Supplemental Table 3).
We identiﬁed the fraction of stone formers who
completed a 24-hour urine collection from time of entry
into the observation period through 2014. We used Logical
Observation Identiﬁers Names and Codes to deﬁne a
24-hour urine collection as the presence of a 24-hour urine
measurement for calcium, citrate, oxalate, or sulfate

(Supplemental Table 4). We used VHA class codes to
identify the following medication categories: thiazide or
thiazide-type diuretics (hereon referred to as “thiazides”),
alkali, and allopurinol (Supplemental Table 5). We deﬁned
the following classes of medications: (1) thiazides as
prescription for hydrochlorothiazide, chlorthalidone, or
indapamide; and (2) alkali therapy as prescription for
potassium citrate, sodium bicarbonate, sodium citrate, or
potassium bicarbonate. A medication was included for
analysis if it was found to be an active and ﬁlled prescription in a patient’s health record during the speciﬁed
time period.
Primary Outcomes
For Veterans with urinary stone disease who
completed a 24-hour urine collection, we compared the
difference in proportions of ﬁlled prescription of medications before and after the date of the ﬁrst 24-hour urine
collection. We also compared prescription of medications
before and after the date of a 24-hour urine analyte that is
speciﬁc to each medication class (Supplemental Table 6).
For example, we analyzed the following: (1) whether
prescription of thiazides changed after a 24-hour urine
calcium measurement, (2) whether prescription of alkali
changed after a 24-hour urine citrate measurement, and
(3) whether prescription of allopurinol changed after a
24-hour urine uric acid measurement (Supplemental
Table 6). We instituted a 3-month interim period after
the ﬁrst 24-hour urine collection to allow sufﬁcient time
for 24-hour urine results to become available and to
avoid potential misclassiﬁcation of prescribed medications that might have been automatically reﬁlled before
an ordering clinician could interpret 24-hour urine test
results. We then compared ﬁlled prescription of medications 1 year before and 1 year after this 3-month
interim period. For patients who did not complete a
24-hour urine collection, we compared ﬁlled prescription
of medications 1 year before the date of initial stone
diagnosis and 1 year after an analogous 3-month interim
period (Figure 1).

Initial stone diagnosis

Stone formers without
24-hour urine testing

12 months

3 months

12 months

Pre-diagnosis period

Interim
period

Post-diagnosis period

Initial 24-hour urine collection
after stone diagnosis

Stone formers with
24-hour urine testing

12 months

3 months

12 months

Pre-collection period

Interim
period

Post-collection period

Figure 1. | Comparison of observation periods between stone formers without and with 24-hour urine testing. For stone formers who did not
complete 24-hour urine testing, we used the date of the initial stone diagnosis as a reference for comparison for the date of the initial 24-hour urine
test in stone formers who completed 24-hour urine testing. We then compared filled prescriptions in the observation periods between stone
formers with and without 24-hour urine testing.
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Analyses of Specific Drugs and Biochemical Indications
The proportion of each urine analyte that qualiﬁed for a
24-hour urine collection was variable (Supplemental Table 7).
We tested how clinicians might respond to 24-hour urine
abnormalities by examining the proportion of patients with
24-hour urine abnormalities and who ﬁlled the following
prescriptions below. For each prescription class, we also ﬁt
logistic regression models to test for the presence of effect
modiﬁcation by age, sex, or the presence of osteoporosis.
Thiazides. We deﬁned hypercalciuria as urine calcium
excretion .200 mg/d (11). We compared the proportion of
patients who ﬁlled prescriptions for thiazides in groups
stratiﬁed by level of 24-hour calcium excretion: #200, 201–
400, and .400 mg calcium per day. Because thiazides are
commonly prescribed for hypertension, we conducted a
separate sensitivity analysis in which we excluded Veterans with a concomitant diagnosis of hypertension.
Alkali Therapy. We deﬁned hypocitraturia as urine
citrate excretion of ,400 mg/d (11). We compared the
proportion of patients who ﬁlled prescriptions for alkali
therapy in groups stratiﬁed by level of 24-hour urine citrate
excretion: #200, 201–400, and .400 mg citrate per day.
Allopurinol. For the primary analysis, we included
patients with gout. In a secondary analysis, we excluded
stone formers with a concomitant diagnosis of gout

because allopurinol is also commonly prescribed for gout
prevention. We then stratiﬁed the remaining stone formers
by level of 24-hour urine uric acid excretion. We compared
the proportion of patients who ﬁlled prescriptions for
allopurinol in patients with urine uric acid excretion
of .800 or #800 mg/d (11,12).
Statistical Analysis
When comparing groups by biochemical features, we
used the t test to compare continuous variables, and the chisquared test to compare categoric variables. We compared
the difference in proportions of the population speciﬁed for
each medication class. Because we performed comparisons
with three classes of medications (thiazides, alkali therapy,
and allopurinol), we considered two-tailed P values ,0.016
(0.05/3) as statistically signiﬁcant. All analyses were
performed within the VA VINCI platform using SAS and
SAS Enterprise Guide 7.1 (Cary, NC).

Results
We identiﬁed a cohort of 130,489 patients with urinary
stone disease from 2007 through 2013 and found that
17,303 patients (13%) completed at least one 24-hour urine
collection (Table 1). Patients who completed 24-hour urine

Table 1. Characteristics of United States veterans with incident urinary stone disease from 2007 to 2013
Characteristics
Age (mean6SD, yr)
Sex (N, %)
Male
Female
Race (N, %)
White
Black
Other or unknown
Laboratory data
BMI (mean6SD, kg/m2)
eGFR (mean6SD, ml/min per 1.73m2)
Creatinine (mean6SD, mg/dl)
Potassium (mean6SD, mEq/L)
Sodium (mean6SD, mEq/L)
Bicarbonate (mean6SD, mEq/L)
Calcium (mean6SD, mg/dl)
Albumin (mean6SD, g/dl)
Comorbidities (N, %)
Hypertension
Gout
Osteoporosis
Osteopenia
Diabetes mellitus
CKD
Cardiovascular disease
Baseline medications (N, %)
Thiazide or thiazide-like diuretics
Alkali therapy
Allopurinol
Geographic region (N, %)
Midwest
Northeast
Southeast
West
BMI, body mass index.
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Without 24-h Urine Testing
(N=113,186; 87%)

With 24-h Urine Testing
(N=17,303; 13%)

61614

58612

107,383 (95%)
5803 (5%)

16,042 (93%)
1261 (7%)

87,541 (77%)
12,540 (11%)
13,105 (12%)

13,803 (80%)
1521 (9%)
1979 (11%)

29.966.2
73625
1.362.7
4.260.5
13964
2764
9.361.4
4.1615.1

30.766.3
77623
1.761.4
4.261.1
13966
2763
10.261.6
4.161.2

76,811 (68%)
6467 (6%)
2530 (2%)
2259 (2%)
42,214 (37%)
3769 (3%)
9608 (8%)

10,944 (63%)
1005 (6%)
484 (3%)
441 (3%)
6690 (39%)
430 (2%)
947 (5%)

19,188 (17%)
1000 (1%)
5861 (5%)

2815 (16%)
192 (1%)
890 (5%)

27,962 (25%)
18,737 (17%)
43,521 (38%)
22,966 (20%)

4795 (28%)
2244 (13%)
5314 (31%)
4950 (28%)
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testing were less likely to be affected by hypertension or
cardiovascular disease and equally likely to be affected by
gout.
Thiazides
The proportion of patients prescribed thiazides was
similar between the two groups of stone formers before
24-hour urine testing or stone diagnosis (16% versus 17%)
(Table 1). For patients who completed 24-hour urine
testing, prescriptions for thiazides increased signiﬁcantly
after a 24-hour urine test (8% absolute increase, P,0.001;
Table 2). In contrast, among patients who did not complete
24-hour urine testing, prescriptions for thiazides did not
change (0.2% absolute increase; Table 2). The absolute
difference in proportions of patients who were prescribed
thiazides in the two groups of stone formers were also the
same if we considered whether a 24-hour urine calcium test
was performed (Supplemental Table 6). Indeed, thiazides
were signiﬁcantly more likely to be prescribed after a
24-hour urine test in patients who excreted a higher level of
urine calcium (Figure 2). In patients with 24-hour urine
calcium of #200, 201–400, and .400 mg/d, the absolute
change in the proportion of patients prescribed thiazides
was 21%, 9%, and 21%, respectively (P=0.06, ,0.001,
and ,0.001 for corresponding comparisons). In a sensitivity analysis excluding patients with hypertension, we
found similar trends (Supplemental Figure 1). We also
found no evidence of effect modiﬁcation in the prescription
of thiazides by age, sex, or history of osteoporosis.
Alkali Therapy
Baseline use of alkali therapy was similar between the
two groups of stone formers before 24-hour urine testing or
stone diagnosis (1% versus 1%, Table 1). For patients who
completed 24-hour urine testing, prescriptions for alkali
therapy increased signiﬁcantly after a 24-hour urine test
(15% absolute increase, P,0.001; Table 2). For patients who
did not complete 24-hour urine testing, prescriptions for
alkali therapy also increased after stone diagnosis, but the
increase was much lower in magnitude (3% absolute
increase, P,0.001; Table 2). The absolute difference in
proportions of patients who were prescribed alkali therapy
were also the same if we considered whether a 24-hour
urine citrate test was performed (Supplemental Table 6).
Alkali therapy was signiﬁcantly more likely to be

prescribed after a 24-hour urine test in patients who
excreted a lower level of urine citrate (Figure 3). In patients
with 24-hour urine citrate of .400, 201–400, and #200 mg/
d, the absolute change in the proportion of patients
prescribed alkali was 9%, 24%, and 34%, respectively
(P,0.001 for all comparisons). Potassium citrate, a common form of alkali therapy, was also signiﬁcantly more
likely to be prescribed after a 24-hour urine test in patients
who excreted a lower level of urine citrate (Figure 3). In
patients with 24-hour urine citrate of .400, 201–400,
and #200 mg/d, the absolute change in the proportion
of patients prescribed potassium citrate was 9%, 22%, and
30%, respectively (P,0.001 for all comparisons). We found
no evidence of effect modiﬁcation in the prescription of
alkali therapy by age, sex, or history of osteoporosis.
Allopurinol
Baseline use of allopurinol was similar in patients before
24-hour urine testing or stone diagnosis (5% versus 5%;
Table 1). The proportion of patients prescribed allopurinol
increased signiﬁcantly among patients who completed a
24-hour urine test compared with those who did not (5%
increase versus 1% increase; P,0.001, Table 2), even
though the prevalence of a gout was similar in both groups
(6% versus 6%, P=0.6; Table 1). The absolute difference in
proportions of patients who were prescribed allopurinol
was also similar if we considered whether a 24-hour urine
uric acid test was performed (Supplemental Table 6).
Prescriptions for allopurinol increased signiﬁcantly
after a 24-hour urine test in patients with hyperuricosuria,
even after excluding patients with gout (4% increase if
urine uric acid #800 mg/d, 18% increase if urine uric acid
.800 mg/d, P,0.001 for both comparisons; Figure 4). We
found no evidence of effect modiﬁcation in the prescription
of allopurinol by age, sex, or history of osteoporosis.
Regional Variation in Response to 24-hour Urine Data
The proportion of stone formers with documented
metabolic abnormalities by 24-hour urine testing and
who were prescribed stone-related medications was generally similar in direction and magnitude across the Northeast, Southeast, Midwest, and West regions (Table 3).
Absolute increases in thiazide prescriptions ranged between
7% and 15% for patients with urine calcium .200 mg/d;
absolute increases in alkali prescriptions ranged between

Table 2. Prescription of medications that affect urinary stone recurrence during the first year after incident stone diagnosis
Medication

Without 24-h Urine Test
(N=113,186; 87%)

With 24-h Urine Test
(N=17,303; 13%)

Participants receiving medication during ﬁrst year after diagnosis (N, %)
Thiazides
19,372 (17%)
4172 (24%)
Alkali
4882 (4%)
2918 (17%)
Allopurinol
7526 (7%)
1817 (11%)
Difference from baseline in proportion of participants receiving medication (% absolute change)
Thiazides
0.2
8
Alkali
3
15
Allopurinol
1
5

Percentage Difference in
Proportions (95% CI)a
7 (6.3 to 7.7)
13 (12.0 to 13.1)
4 (3.4 to 4.3)
8 (6.9 to 8.4)
12 (11.7 to 12.8)
4 (3.4 to 4.4)

a
Percentage difference in proportions is the proportion of patients with active prescription of medication in 1 yr after stone diagnosis or
24-h urine test minus the proportion of patients with active prescription of medication in 1 yr before stone diagnosis or 24-h urine test.
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*

40%

N=363

Before 24-hour urine test
35%
Proportion of patients

5

After 24-hour urine test

30%

*

N=1,099
25%
20%

'21%

'9%

N=1,544
N=1,488

N=706

N=157

15%
10%
5%
0%
24-hour urine calcium
d200 mg/d

24-hour urine calcium
between 200 and
400 mg/d

24-hour urine calcium
>400 mg/d

Figure 2. | Thiazide prescriptions increase in the proportion of patients who excrete a higher level of urine calcium. Thiazide prescriptions in
stone formers with 24-hour urine test, before and after 24-hour urine testing, stratified by level of 24-hour urine calcium excretion. *Difference in
proportions before and after 24-hour urine test were significant at P,0.001. D, change.

26% and 32% for patients with urine citrate #400 mg/d; and
absolute increases in allopurinol prescriptions ranged between 3% and 6% for patients (excluding gout) with urine
uric acid .800 mg/d. Although the differences by region
were statistically signiﬁcant, in part related to our large
sample size, we did not consider them to be clinically
meaningful.
Urinary Stone Disease Specialty Care
In our cohort, 57% of stone formers visited a urologist,
11% visited a nephrologist, 11% visited both a nephrologist
and urologist, and 21% visited neither specialist in the
6 months after a 24-hour urine collection (Table 4). Use of
stone-related medications differed signiﬁcantly depending
on whom patients visited after a 24-hour urine collection. In
patients with hypercalciuria, prescriptions for thiazides
increased by 11% if they visited a urologist, 17% if they

visited a nephrologist, 24% if they visited both a urologist
and nephrologist, and only 4% if they saw neither a
urologist nor a nephrologist (Table 4). We observed similar
trends for how alkali or allopurinol prescriptions differed
depending on whom stone formers visited after a 24-hour
urine collection for patients with hypocitraturia or hyperuricosuria, respectively (Table 4). Finally, we examined
whether stone formers who completed a 24-hour urine test
were more likely to be referred for dietary counseling. We
found that 19% of patients who completed 24-hour urine
testing visited a nutritionist or dietitian compared with 12%
of patients who did not.

Discussion
In this study we used a large national cohort of Veterans
to speciﬁcally test whether clinicians initiate or continue
medications for prevention of urinary stone disease in

50%
45%
40%
Proportion of patients

N=1,071

Before 24-hour urine test
After 24-hour urine test

N=882

35%

N=928

30%

N=832

25%
20%

N=1,095

15% '9%

'9%

10% N=487
5%

N=1,001

N=425

'34%
'30%

'24%

'22%
N=246

N=202

N=156

N=168

0%
All alkali
prescriptions

Potassium
Citrate

24-hour urine citrate
>400 mg/d

All alkali
prescriptions

Potassium
Citrate

24-hour urine citrate
201-400 mg/d

All alkali
prescriptions

Potassium
Citrate

24-hour urine citrate
d200 mg/d

Figure 3. | Alkali prescriptions increase in the proportion of patients who excrete a lower level of urine citrate. Alkali prescriptions in stone
formers with 24-hour urine test, before and after 24-hour urine testing, stratified by level of 24-hour urine citrate excretion. Differences in
proportions before and after 24-hour urine test were significant for all levels of 24-hour urine citrate excretion at P,0.001. D, change.
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25%

Proportion of patients

N=128

Before 24-hour urine test
After 24-hour urine test

20%

15%
'18%
10%

N=142

5%

0%

N=280

'4%

N=19

24-hour urine uric acid d800 mg/d

24-hour urine uric acid >800 mg/d

Figure 4. | Allopurinol prescriptions increase in the proportion of patients who excrete a higher level of urine uric acid. Allopurinol prescriptions in stone formers with 24-hour urine test and without gout, before and after 24-hour urine testing, stratified by level of 24-hour urine uric
acid excretion. Differences in proportions before and after 24-hour urine test were significant for both levels of 24-hour urine uric acid excretion
at P,0.001. D, change.

response to 24-hour urine testing. We found that clinicians
are more likely to prescribe thiazides, alkali therapy, or
allopurinol for stone formers who complete 24-hour urine
testing. Moreover, clinicians are more likely to prescribe
these medications if a 24-hour urine test detects an elevated
metabolic risk parameter for urinary stone disease. These
ﬁndings suggest that clinicians do respond to results obtained from 24-hour urine testing and adjust their prescription patterns for the prevention of urinary stone disease.
However, we also show that clinicians could be more
cognizant of initiating or continuing medications that
decrease urolithiasis risk in patients with abnormal
24-hour urine tests. For example, only 38% of patients with
severe hypercalciuria (urine calcium excretion .400 mg/d)
were prescribed thiazides—drugs that are well known to
decrease urinary calcium excretion. Similarly, only 44% of

patients with severe hypocitraturia (urine citrate excretion
#200 mg/d) were prescribed alkali therapy. Reasons for the
lower-than-expected use of these medications are unclear.
Patient factors such as unwillingness to initiate new medications, inability to tolerate side effects of medications
(e.g., hypotension and/or hyperuricemia with thiazides or
gastrointestinal discomfort with potassium citrate), or contraindications (e.g., hyponatremia with thiazides or hyperkalemia with potassium citrate) may play a role. Some patients
may have opted for dietary and lifestyle modiﬁcations only.
For example, some providers may have recommended a
reduction in dietary sodium rather than a prescription with a
thiazide as a strategy to reduce urine calcium excretion. In
support of this possibility, we found that patients who
completed 24-hour urine testing were more likely to visit a
nutritionist or dietitian compared with those who did not.

Table 3. Prescription of medications that affect urinary stone recurrence during the first yr after incident stone diagnosis, among
patients who completed at least one 24-h urine test, by geographic region

Geographic
Region

Midwest
Northeast
Southeast
West

Thiazide Prescriptions

Alkali Prescriptions

Allopurinol Prescriptionsa

24-h Urine Calcium .200 mg/d
(n=5292)

24-h Urine Citrate #400 mg/d
(n=5433)

24-h Urine Uric Acid .800 mg/d
(n=601)

Participants
Receiving
Medication
during First
Year after
Diagnosis (N, %)

Difference from
Baseline in
Proportion of
Participants
Receiving
Medication (%)

Participants
Receiving
Medication
during First
Year after
Diagnosis
(N, %)

Difference from
Baseline in
Proportion of
Participants
Receiving
Medication (%)

Participants
Receiving
Medication
during First
Year after
Diagnosis
(N, %)

Difference
from
Baseline in
Proportion of
Participants
Receiving
Medication (%)

424 (30%)
149 (25%)
353 (27%)
536 (27%)

15
7
10
11

559 (37%)
252 (35%)
545 (36%)
643 (39%)

29
27
26
32

97 (11%)
26 (6%)
78 (8%)
79 (8%)

6
4b
4
3

All P values for changes in prescriptions were signiﬁcant at ,0.001 except where marked. All P values for differences in changes in
prescriptions between regions were signiﬁcant at ,0.001.
a
Excluding patients with gout.
b
P value 0.009.
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Table 4. Prescription of medications that affect urinary stone recurrence during the first year after incident stone diagnosis, among
patients who completed at least one 24-h urine test, by subspecialty clinic visits within 6 mo of 24-h urine test
Thiazide Prescriptions

Alkali Prescriptions

Allopurinol Prescriptionsa

24-h Urine Calcium .200 mg/d
(n=5292)

24-h Urine Citrate #400 mg/d
(n=5433)

24-h Urine Uric Acid .800 mg/d
(n=601)

Participants
with Clinic
Visit within
6 mo of 24-h
Urine Test
(N, %)

Participants
Receiving
Medication
during First
Year after
Diagnosis
(N, %)

Difference
from Baseline
in Proportion
of Participants
Receiving
Medication (%)

Participants
Receiving
Medication
during First
Year after
Diagnosis
(N, %)

Difference
from Baseline
in Proportion
of Participants
Receiving
Medication (%)

Participants
Receiving
Medication
during First
Year after
Diagnosis
(N, %)

Difference
from Baseline
in Proportion
of Participants
Receiving
Medication (%)

9927 (57%)
1887 (11%)
1870 (11%)
3619 (21%)

834 (26%)
171 (37%)
214 (42%)
243 (21%)

11
17
24
4

1044 (34%)
366 (48%)
435 (54%)
154 (19%)

28
35
40
13

133 (7%)
54 (15%)
53 (12%)
40 (8%)

4
5b
6
3

Total
Patients
with 24-h
Urine Tests
(n=17,303)
Clinic Visit
Type

Urology
Nephrology
Both
Neither

All P values were signiﬁcant at ,0.001 except where marked.
a
Excluding patients with gout.
b
P value 0.16.

Although we are unable to determine the exact reason(s) for
these visits, we can assume that at least a proportion of these
were related to dietary counseling for stone prevention.
We considered possible geographic or provider factors
underlying the lower-than-expected use of medications
which are believed to decrease risk for urolithiasis. However, we found no clinically meaningful regional differences that could explain the limited use of these
medications (in other words, there appears to be underutilization of potentially effective medications for stone
prevention across the VHA system). We also found that
prescriptions of stone-related medications differed significantly depending on whether patients visited a specialist
after a 24-hour urine collection. Approximately one in ﬁve
patients who completed 24-hour urine testing did not
visit a urologist or nephrologist within 6 months of a
24-hour urine test; these stone formers had the lowest
utilization of stone-related medications. These ﬁndings
could reﬂect the relative lack of patient follow-up visits,
denying stone specialists the opportunity to respond.
Alternatively, patients who completed 24-hour urine testing could have returned to see primary care physicians
or nonphysician providers who might be less inclined to
respond to 24-hour urine testing. In contrast, patients who
visited both a urologist and nephrologist within 6 months
of 24-hour urine collection were the group most likely to
be prescribed stone-related medications, suggesting that
multidisciplinary care with urologists and nephrologists
for high-risk stone formers could represent an approach
toward improving medical (and ultimately surgical)
management of urinary stone disease.
This study has several strengths. The VHA is well suited
for evaluating the practice of 24-hour urine testing in
prevention of urolithiasis. The VHA is an integrated health
care system, which enabled us to link prescription patterns
across this nationwide stone cohort with a broad and
diverse array of patients. Veterans receiving care in the
VHA are older, more likely to be men, and have higher

rates of comorbid illnesses compared with the general
patient population, all attributes that place them at higher
risk for urinary stone disease (1). The VHA also provides
full access to laboratory results, allowing us to compare use
of stone prevention medications stratiﬁed by 24-hour urine
results—a feature not possible in other large data sets
devoid of laboratory and prescription data, where claims
are used exclusively. Finally, clinicians in the VHA do not
require prior authorization from insurance companies to
order 24-hour urine collections, which could reduce detection bias that may be present in civilian health care
systems.
This study has several limitations. First, because the
majority of the VHA study population consists of men, we
may not be able to fully generalize these results to
populations with higher proportions of women. Second,
we deﬁned a 24-hour urine collection for the purpose of
determining risk for urinary stone disease to be any one of
four urinary parameters (calcium, oxalate, citrate, or
sulfate). Whereas the objective of this approach was to
maximize speciﬁcity for evaluation and/or prevention of
urinary stone disease, it is possible that some of these tests,
particularly 24-hour urine calcium, were ordered for other
indications. It is also possible that we did not capture data
from all VHA facilities that send 24-hour urine samples
to an outside laboratory for processing. To address this
concern, we queried 24-hour urine data from our local
VHA facility, which sends out 24-hour urine samples to an
outside laboratory. We conﬁrmed that 24-hour urine
calcium, oxalate, citrate, and sulfate were recorded in the
VHA, but we acknowledge that we do not know if this
would be the case for all VHA facilities. Third, the use of
ICD-9 codes to capture patients with urinary stone disease
may overestimate prevalence of symptomatic stone disease
because some patients may be asymptomatic stone formers. Fourth, we did not capture medical care for patients
stone formers who received care outside the VHA. Fifth, we
were unable to abstract information on stone composition.
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Finally, we were not able to determine from VHA data the
speciﬁc reasons why clinicians prescribed or discontinued
stone-related medications. Although we suggest that clinicians respond to 24-hour urine testing by initiating or
continuing medications that reduce stone risk, we cannot
exclude the possibility that clinicians happen to order
24-hour urine testing in Veterans with more severe stone
disease and who happen to be on medical therapy. We also
cannot exclude the possibility that a clinician may have
considered a previous 24-hour urine test, outside our
observation period, in his or her decision to prescribe a
stone-related medication. Alternatively, we were limited
by the difﬁculty in surmising from aggregate data what
were the individual reasons that led to discontinuation, or
lack of initiation, of medications for stone prevention.
In conclusion, our study suggests that clinicians use
information from 24-hour urine testing and adjust their
practice patterns by increasing prescriptions of medications
believed to reduce risk in stone formers. In spite of our
observations that relevant clinical data changes provider
practice patterns in patients with urinary stone disease, the
fact remains that the majority of stone formers with urine
abnormalities predisposing them to a high risk of stone
recurrence are not prescribed stone-related medications
that could reduce that risk. Acquisition of additional observational or interventional evidence evaluating the use of
stone-related medications to prevent stone recurrence, implementation of multidisciplinary care with urologists and
nephrologists for patients who are high-risk stone formers,
and determination of the optimal use of urine testing for
diagnosis of metabolic abnormalities could improve the care
of Veterans and non-Veterans with urinary stone disease.
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