Contemporary Clinical Trials 138 (2024) 107454

ELSEVIER

journal homepage: www.elsevier.com/locate/conclintrial

Contents lists available at ScienceDirect

Contemporary Clinical Trials

Promoting fluid intake to increase urine volume for kidney stone

t.)

Check for
updates

prevention: Protocol for a randomized controlled efficacy trial of the

sipIT intervention

David E. Conroy * , James Marks "

M. Streeper "

, Alyssa Cutshaw °, Nilam Ram ¢, Edison Thomaz“, Necole

@ Department of Kinesiology, The Pennsylvania State University, University Park, PA 16802, USA
b Department of Urology, The Pennsylvania State University, Hershey, PA 17033, USA

¢ Department of Communication and Psychology, Stanford University, Palo Alto, CA 94305, USA
9 Department of Electrical and Computer Engineering, University of Texas, Austin, TX 78712, USA

ARTICLE INFO

Keywords:

Urology

Behavioral intervention
Mobile health
Hydration

Prevention

ABSTRACT

Background: Risk of kidney stone recurrence can be reduced by increasing fluid intake and urine production but
most patients fail to adhere to recommended clinical guidelines. Patients have indicated that common barriers to
fluid intake include a lack of thirst, forgetting to drink, and not having access to water. We developed the sip!”
intervention to support patients’ fluid intake with semi-automated tracking (via a mobile app, connected water
bottle and a smartwatch clockface that detects drinking gestures) and provision of just-in-time text message
reminders to drink when they do not meet the hourly fluid intake goal needed to achieve the recommended
volume. This trial evaluates the efficacy of sip'” for increasing urine output in patients at risk for recurrence of
kidney stones.

Method/design: Adults with a history of kidney stones and lab-verified low urine production (<2 L/day) will be
randomly assigned to receive either usual care (education and encouragement to meet fluid intake guidelines) or
usual care plus the sip'" intervention. The primary outcome is 24-h urine volume; secondary outcomes include
urinary supersaturations, past week fluid intake, and experienced automaticity of fluid intake. Outcomes will be
assessed at baseline, 1 month, 3 months, and 12 months.

Conclusions: The sip' intervention is the first to prompt periodic fluid intake through integration of just-in-time
notifications and semi-automated tracking. If sipT is more efficacious than usual care, this intervention provides
an innovative treatment option for patients needing support in meeting fluid intake guidelines for kidney stone
prevention.

1. Introduction

urine volume and increased risk (the relationship is continuous and may
not be linear)” (p. 9). [4] The available evidence from clinical trials and

Approximately 9% of American adults have kidney stones [1]. Stones
cause tremendous suffering, an average of 1.2 million emergency
department visits/year, and direct medical costs that exceed $10 billion
annually [2,3]. With five-year recurrence rates being as high as 40%, a
core prevention guideline is to increase fluid intake enough to produce
>2.5 L of urine daily [4,5]. This goal corresponds to the top quintile of
24-h urine volumes observed in the Nurses’ Health Study and Health
Professionals Follow-up Study [6,7]; however, the American Urological
Association guidelines also note that, “there is no definite threshold for
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observational studies indicates that, even without reaching the 2.5 L 24-
h urine volume goal specified in the guidelines, increasing fluid intake
more than halves risk of recurrent stone episodes [8-14]. Indeed,
observational studies indicate that increasing fluid intake reduces stone
recurrence rates by 50-60% [13]. Based on the prevailing evidence,
usual care for preventing kidney stones involves clinicians educating
patients about prevention guidelines and advising them to increase fluid
intake and advising patients to adhere to guidelines [15].
Unfortunately, patients’ adherence to fluid intake guidelines is
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typically <50% [16,17]. Patients are widely aware of recommendations
to increase fluid intake but the effects of usual care on urine output are
modest (M = +0.35 L/day) and most patients lapse [15,16,18]. Conse-
quently, 10-year recurrence rates for stones can be as high as 80%, with
an overall mean time to first recurrence of 8.8 years, and more frequent
recurrence among patients with more metabolically-active etiology
[19,20].

One reason for these treatment failures is that usual care does not
address the barriers patients report. Most patients describe relying on
thirst to cue fluid intake, but not being thirsty enough to meet fluid
intake guidelines [18,21,22]. In the absence of interoceptive cues, pa-
tients must rely on effortful self-regulation of drinking. However, in the
face of many other goals and competing demands for attention, they
often report forgetting to drink [18,21,22]. There is a pressing need to
develop and evaluate tools that patients with kidney stones can use to
improve self-regulation of fluid intake and adherence to fluid intake
guidelines, and that specifically address the barriers faced in their daily
lives (e.g., lack of thirst, forgetting to drink) [18,21-23].

Another reason for the treatment failures of usual care is that patients
receive minimal support outside of the clinic when they are struggling to
drink enough fluids. Patients have expressed interest in strategies that
provide just-in-time support for fluid intake, such as self-monitoring
tools, reminders to drink (regularly-timed or lapse-contingent), and
connected water bottles [18,21]. These strategies increase opportunities
to drink, activate goals as needed, and provide feedback on goal dis-
crepancies that increase effort [24-26]. Mobile apps for self-monitoring
and connected water bottles for tracking fluid intake exist commercially,
but there is little evidence about the efficacy of these tools for increasing
adherence to stone prevention guidelines [27-31].

We developed the sip'T intervention to provide patients support for
pursuing fluid intake goals in daily life and to facilitate their transition
from effortful regulation of fluid intake (which is difficult to sustain for
extended periods) to more automatic regulation (which supports long-
term adherence) [32]. Drawing on just-in-time intervention develop-
ment principles [33], sip’" combines semi-automated tracking of fluid
intake with lapse-contingent reminders to drink (see Fig. 1). Semi-
automated tracking was selected because patients drink a variety of
fluids in a variety of ways in their daily lives (e.g., from cups, water
bottles, straws, drinking fountains) and no single method can capture
every drink event. Manual self-tracking has a long history in behavior
modification, but it is burdensome and difficult to sustain. Automated
tracking via connected water bottles reduces burden, but does not cap-
ture drinks from other containers (and some straw-based devices are
recommended only for use with water). More recently, we used data
from inertial sensors on the wrist to detect drinking gestures [34].
Embedding that classifier in a smartwatch can capture drinks with the
instrumented (often non-dominant) hand, but will not capture drinks
from the other (often dominant) hand or drinks that do not require the
prototypical hand and arm movement (e.g., leaning over to drink from a
water fountain). Combining multiple methods increases the likelihood
of detecting drinking events [35] — information that supports a tailoring
variable that triggers lapse-contingent reminder messages. At the start of
a daily monitoring period, a timer for achieving a small fluid intake goal
is set. Fluid intake is monitored by the semi-automated tracking system
and, once a patient reaches their fluid intake goal for that period, the

Semi-automated
tracking of fluid intake

] jc

Hourly comparisons
of fluid intake
versus goal

Contemporary Clinical Trials 138 (2024) 107454

timer is reset. When the timer is not reset by achieving the goal and
expires, the system sends a text message to remind the participant to
drink. Reminder messages are presumed to be disruptive and aversive
(particularly if they are received frequently). Thus, the system leverages
the principle of negative reinforcement to shape behavior and form a
habit for frequent fluid intake throughout the day. Negative reinforce-
ment involves withdrawing an aversive consequence when a desired
behavior is enacted and provides a reward to condition the behavior in
that context [36], defined here as the time between drinking events. By
reinforcing an internal timer for fluid intake, sip'" aims to create a new
temporal cue that can complement thirst as an internal cue for fluid
intake.

In two previously-conducted single-group studies, the sip’ inter-
vention was effective. In the first study, patients using sip'” reported
reductions in key barriers to fluid intake and increases in experienced
automaticity (habit strength) for drinking water [32]. In the second
study, with a simpler version using the bottle and app only, patients who
used sipIT for one month increased 24-h urine volume [37]. Although
promising, those studies did not have control groups, and thus did not
rule out the possibility that the behavior changes resulted from
naturally-occurring changes in barriers, experienced automaticity, or
24-h urine volume. A rigorous trial with controls is needed to determine
the efficacy of sip' for supporting patients with kidney stones.

2. Methods
2.1. Trial design

We propose a two-arm randomized controlled trial to answer the
question, “Does sip'’ increase 24-hour urine volume more than usual
care over a 3-month period?” Given that the sip!” system is new and its
effects on clinical outcomes are unknown, the appropriate comparator is
one with low formidability, in this case, usual care. Stone formation and
passage varies, and recurrence may not occur for years (mean time to
first symptomatic recurrence is 8.8 years [19]). Thus, our primary
outcome is 24-h urine volume, a surrogate endpoint based on prevention
guidelines [4,5]. We will evaluate our primary outcome at 3 months,
with an intermediate assessment at 1 month and a follow-up to evaluate
maintenance after 12 months of intervention. The 12-month assessment
is planned because long-term maintenance of increased urine output is
important for effective prevention and it is important to understand
whether intervention fatigue weakens sip'’ effects over time.

2.2. Participants and recruitment strategies

Adults with a history of kidney stones and low urine production will
be recruited for this trial. Inclusion criteria include (a) kidney stone
diagnosis within the past 5 years, (b) 24-h urine volumes <2.0 L/day, (c)
age > 18 years, (d) own smartphone with iOS or Android operating
system, (e) willingness to complete the study protocol including being
randomized to treatment groups, using a smartwatch, connected water
bottle, and mobile app for the study every day for 1 year, and receiving
text message reminders to drink, (f) fluent in English, and (g) capable of
providing informed consent. Participants were excluded if they (a) had a
prior diagnosis of a cystine stone (due to increased fluid intake

Lapse-contingent
text message
reminders to drink

Fig. 1. Components of the sip'" digital tools include the HidrateSpark mobile application, HidrateSpark PRO connected water bottle, and Fitbit Sense smartwatch.
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recommendations of 4.5-5 L/day), (b) were pregnant or planning to
become pregnant in the next 12 months, (c) were concurrently partici-
pating in another study involving fluid intake or diet, (d) planned to
have surgery or relocate outside the area within the next year, (e) had
any comorbidities that would preclude high fluid intake (e.g., congestive
heart failure, bariatric surgery, GI tract ostomy, short gut syndrome,
chronic diarrhea including patients with ulcerative colitis/Crohn’s dis-
ease, hyponatremia) or accurate 24-h urine collection (e.g., severe uri-
nary incontinence), (f) were undergoing active medical treatment that
would impair protocol compliance, (g) were chronically using lithium,
or (h) had any psychiatric conditions that would impair compliance with
the study protocol.

Three recruitment strategies will be used. First, staff will review
electronic health records for patients in the Penn State Health Urology
Clinics and approach candidate patients about the trial during clinic
visits. Second, clinicians at a Mt. Nittany Health urology clinic will refer
patients who are candidates for the trial to staff for screening. Finally,
we will use i2b2 via TriNetx to identify patients in the Penn State Health
electronic health records with ICD-10 code N20.0 and mail recruitment
letters.

2.3. Sample size and power estimates

We plan to enroll 216 participants in the proposed trial, with the
expectation that at least 188 will complete the 3-month primary
endpoint assessment. Statistical power analysis using G*Power3 sug-
gested that a sample of N = 188 would support detection of small-to-
medium sized effects (Cohen’s f = 0.125, power > 0.80) at the 3-
month primary endpoint, assuming a Type-1 error rate of 0.05
(adjusted to a = 0.0026 for 19 planned tests of six main effects [group,
time, age, sex, stones history, notification frequency], nine 2-way in-
teractions involving either group, time, or both], and four 3-way in-
teractions [involving group X time and each of the four remaining main
effects]) [38]. Planning for attrition and preservation of statistical
power, we will oversample by 15% (N = 216).

2.4. Intervention

Participants will be randomized (1:1 allocation) to receive either
usual care or the sip!” intervention. The statistician will generate 22
randomization sequences in blocks of 10 using the psych package in R
and transmit them directly to a supporting project coordinator who does
not interact with participants in this trial for input the sequence into a
Research Electronic Data Capture (REDCap) database [39,40]. Alloca-
tions will be masked from all investigators other than the statistician
(who has no interaction with participants) and project staff who interact
with the participants during enrollment and assessments.

Usual care consists of education about and encouragement to meet
daily fluid intake guidelines. Education is delivered by staff via a
handout that staff reviewed with each participant individually (see
Supplementary Appendix).

The sip'" intervention supplements usual care with digital tools to
support fluid intake. The sip'" digital tools combine semi-automated
tracking with lapse-contingent text message reminders to drink. The
semi-automated tracking tools shown in Fig. 2 include the HidrateSpark
mobile app for manual entry of drinks, a HidrateSpark PRO connected
water bottle that can be used with any fluid type and automatically
senses changes in weight to infer fluid intake, and a Fitbit Sense
smartwatch with a clockface that detects drinking gestures. The Hidra-
teSpark bottle and Fitbit watch transmitted data to the HidrateSpark and
Fitbit apps, respectively, using Bluetooth. Those mobile applications
transmit data to the HidrateSpark and Fitbit servers. Application pro-
gramming interfaces (APIs) transmit data from the HidrateSpark and
Fitabase servers to the sipIT intervention server. Participants provide 12-
h windows for when they are willing to receive lapse-contingent
reminder messages each day. At the beginning of the daily messaging
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Fig. 2. Hardware used by participants as a part of the sip'” semi-automated
tracking system. Photo credit: HidrateSpark.

window, a 60-min timer started. As soon as incoming data indicates that
a participant reached their goal for the hour, the timer is reset. When-
ever the timer reaches zero (indicating that a participant had not met
their fluid intake goal in the past hour), the intervention server triggers
delivery of a lapse-contingent reminder to drink message, specifically a
small image file like the samples shown in Fig. 3 (selected at random
without replacement within participant from a library of 114 total
images).

2.5. Outcome measures

The primary outcome will be 24-h urine volumes assessed at
baseline and months 1, 3 (primary) and 12. A certified laboratory will
ship each participant a collection kit and participants will be instructed
to complete the collection on a day they will not need to leave their
home. Staff will train participants to start the collection after their first
morning urination and to end it the following day at 24 h. Samples will
be picked up from participants’ residence by a commercial shipper and
returned to the laboratory for analysis. The laboratory will screen urine
creatinine levels outside of normal limits for sex and body weight to
identify improper collection practices (e.g., under- or over-collection)
[41,42]. Month 1, 3 and 12 samples with urine creatinine that differs
from baseline >30% will trigger collection of a second 24-h urine.

The secondary outcomes from the urine collection include super-
saturations of common stone-forming salts (calcium oxalate, calcium
phosphate, uric acid), and creatinine concentrations. Experienced
automaticity of fluid intake will be assessed using the 4-item Self-Report
Behavioral Automaticity Index from the Self-Report Habit Index
[43,44]. The stem for each item will be, “Drinking tap or bottled
water...” and participants will rate each item on a scale ranging from 1
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Fig. 3. Sample images sent via text messages as lapse-contingent reminders
to drink.

(strongly disagree) to 7 (strongly agree). Past-week fluid intake will be
rated using the BEV-Q-15 [45-47]. Participants will rate the frequency
and amount of daily consumption for 15 common beverages.

Biological moderator variables include age, sex assigned at birth,
height, weight, weight gain by 12 months, waist circumference, body
mass index (BMI), medication use, stone type, treatment history, and
recurrence. Protocols in the PhenX Toolkit will be used as available [48].
Age and sex will be assessed at baseline. Height and weight will be
measured in person by staff (in duplicate) using a stadiometer and a
digital scale at baseline, month 3 and month 12. BMI will be calculated
as kg/m? and standard adult cutpoints will be used to classify under-
weight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight
(25-29.9 kg/ rnz) or obesity (>30.0 kg/mz). Waist circumference will be
assessed by staff at baseline and months 3 and 12 using a tape measure at
the midpoint between the lowest rib and iliac crest. Electronic health
records will be reviewed at baseline and months 3 and 12 to capture
medication use, stone recurrence, stone type, and stone treatment. Pa-
tients will also self-report on stone passing (that did not involve seeking
medical attention) and medication use at each assessment occasion.

Behavioral moderator variables assessed in the sip'’ intervention
group specifically quantify engagement with the sip'’ digital tools
throughout the 12-month intervention period. Self-monitoring will be
recorded as the daily frequency and volume of manual entries in the
HidrateSpark app. Bottle use will be recorded as the daily volume
consumed from the HidrateSpark connected water bottle. Drinking
gestures will be recorded as the daily frequency of drinking events
detected by the custom smartwatch clockface. Reminder frequency will
be assessed as the daily frequency of reminder messages sent.

2.6. Procedures

Fig. 4 summarizes the trial protocol approved by the Institutional
Review Board (#00015540) and registered on clinicaltrials.gov
(NCT05196113). Staff will describe the trial to prospective

Consent #1 & Primary Screening

Consent #2, Secondary Screening/
Baseline Outcome Assessment
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Fig. 4. Schematic of the sip'" efficacy trial protocol.

participants and conduct preliminary screening for eligibility.
Provisionally-eligible participants will provide verbal informed consent
for secondary screening. Study staff will review 24-h urine collection
procedures with participants and participants will receive a 24-h urine
collection kit from a certified laboratory. Patients who completed a 24-h
urine collection in the past 3 months using the same laboratory will not
need to complete a repeat collection for screening. Eligible participants
will be scheduled for a baseline lab visit.

During the baseline lab visit, the participant will provide verbal
informed consent for the trial and complete REDCap questionnaires on a
computer. Staff will collect anthropometric measurements, health and
behavioral history and enter those data in REDCap. The participant’s
randomly-assigned treatment allocation will be revealed via the REDCap
randomization module. Staff will provide and review an educational
handout with all patients, assign a goal of consuming 100 fl oz./day, and
encourage participants to meet that goal. For participants in the control
group, staff will schedule the intermediate outcome assessment. For
participants in the intervention group, staff will provide a HidrateSpark
PRO (21 oz) connected water bottle and a Fitbit Sense smartwatch. Staff
will help participants install the Fitbit and HidrateSpark mobile apps on
their smartphone, authenticate their devices to a study account, and
train participants how to use each device to support their fluid intake
goal. Staff will review a web-based dashboard and contact participants
to troubleshoot if data are not received from them for three consecutive
days.

Approximately two weeks before the 1-, 3- and 12-month 24-h urine
outcome assessments, staff will confirm participant mailing addresses
for shipping a 24-h urine collection kit and repeat the remote urine
collection procedures from baseline. Participants will be encouraged to
repeat the assessments on the same day of week as the baseline assess-
ment. Two staff members will download and manually enter urine panel
results into the REDCap database. Participants will be compensated for
completing assessments once lab results are received.

Additionally, participants will complete in-person visits at both 3-
and 12-months. During these visits, participants will complete online
questionnaires on the computer. Staff will collect anthropometric mea-
surements, health and behavioral history, and enter those data in
REDCap. During the 12-month in-person visit, staff will also complete a
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voice recorded end-of-study interview to evaluate user experience and
obtain feedback for refining the sip'” system (interview guide included as
Supplementary File). Participants randomly assigned to the usual care
group will receive a smartwatch and connected water bottle upon
completion of the study.

2.7. Safety monitoring

The investigators will meet with an external safety monitor quarterly
to review data integrity and participant safety.

2.8. Data analysis

Outcome data will be analyzed using the intent-to-treat principle.
Additional analyses will be conducted using contemporary missing data
handling approaches [49]. Missing data will be handled by evaluating
the pattern of missingness (including differential dropout between
groups), determining plausibility of missing at random assumptions,
identifying relevant controls needed to reduce missing data-related bias
in analytic models, and invoking full information maximum likelihood
estimation where reasonable [50].

The primary outcome analysis will evaluate the efficacy of sip'T vs
usual care for increasing urine volume in patients with a history of
kidney stones. Urine volume is a continuous variable and expected to be
normally distributed. Prior to analysis, we will examine the distribution
and, if necessary, transform the outcome to comply with assumptions of
the analytic approach. The main hypothesis associated with Aim 1 will
be tested using a repeated-measures analysis of variance with Time as a
within-person factor (baseline, 1 month, 3 month) and Group as a
between-person factor. Of greatest interest for determining intervention
effects is the Group X Time interaction. Models that control for age and
sex will be parameterized and estimated in a Bayesian multilevel
modeling framework using weakly informative priors. After checks for
convergence (e.g., R-hat, mixing of chains), statistical inferences and
evaluation of hypotheses will be based on 95% credible intervals and
probabilities of direction using posterior parameter distributions con-
structed from at least 5000 montecarlo samples.

Parallel models will be constructed to evaluate effects of the inter-
vention on 3-month urine supersaturation of stone-forming salts, 3-
month experienced automaticity, 3-month past-week fluid intake, and
12-month follow-up data for each of those variables. Finally, biological
and behavioral moderators of intervention effects will be identified by
extending the repeated measures ANOVA model described above with
the additional predictors. Of specific interest are the sign and strength of
the Moderator X Group X Time interaction terms after controlling for
main effects and relevant two-way interaction terms [51].

3. Discussion

This trial will provide a rigorous test of a first-in-kind intervention to
support fluid intake and habit formation in patients with kidney stones,
sipIT. This intervention introduces several innovations to the fields of
behavioral medicine and urology. First, sip'’ is one of the few in-
terventions designed around the idea of semi-automated tracking [52].
Connected water bottles and companion mobile apps are increasingly
available to consumers for automated and manual tracking and have
gained attention based on their potential for supporting patients
[18,27,53]. However, each of these tools has blind spots caused by the
diversity of drinking containers that people use daily and the burden of
manually tracking fluid intake. A recent trial found no difference in
urine output between groups using a connected water bottle for auto-
mated tracking alone or an app for manual tracking alone [53]. Given
the limitations of these two individual methods for capturing in situ
drinking behavior, sip'’ has combined them and leveraged the inertial
sensors in a smartwatch to detect drinking gestures. This approach in-
creases the likelihood of detecting drinking events. Semi-automated
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tracking may be useful for improving monitoring in other behavior
change contexts, including dietary behavior modification, physical ac-
tivity promotion, and enhancing medication adherence [52].

Second, the sip'" intervention is unique because it was explicitly
designed to facilitate fluid intake habit formation [32]. sip'" is grounded
in a well-established habit formation framework (cue-behavior-reward
[54]) but, in contrast to most digital tools which strive to increase
engagement by providing more notifications, is distinguished by the
innovative use of negative reinforcement instead of positive reinforce-
ment following fluid intake. If decreasing notification frequency by
limiting them to momentary lapses in goal pursuit is effective, this trial
could provide an alternative model for promoting habit formation and
behavioral adherence in other contexts.

This trial is one of the few behavioral intervention trials for pre-
venting kidney stones. It complements the ongoing PUSH trial which
evaluates the effects of a behavioral intervention on 2-year recurrence
rates of symptomatic stones [55]. All participants in the PUSH trial
receive connected water bottles and their companion mobile applica-
tions. Half are randomly assigned to receive a behavioral intervention
involving personalized fluid intake prescriptions based on their urine
output, financial incentives for achieving daily fluid intake goals and, as
needed, structured problem solving to address barriers and low-touch
interventions such as behavioral feedback, engaging support partners,
and gamifying adherence feedback. The sip' intervention will be less
expensive to deliver, and will estimate the average effect of digital tools
and lapse-contingent reminders to drink on urine volume, fluid intake,
and experienced automaticity for fluid intake.

If sip' increases fluid intake and urine output more than usual care,
this trial could lead to practice-changing treatment for the prevention of
kidney stones — and would also have great potential for addressing other
pressing health problems caused by dehydration. Older adults in
particular may benefit from such interventions because approximately 1
in 4 non-hospitalized older adults are estimated to be dehydrated due to
low fluid intake, with elevated rates in long-term care residents [56].
Observational research has linked dehydration with impaired cognitive
function in older adults [57-59]. An effective fluid intake intervention
enables a shift to much-needed experimental tests of associations be-
tween dehydration and cognition.

An effective fluid intake intervention could also provide acute sup-
port during vulnerable periods caused by weather- or health-related
dehydration. As extreme heat and heat strain becomes more common
due to the climate crisis, effective countermeasures for preventing
dehydration in vulnerable populations will be needed to reduce risk for
cardiovascular and kidney problems [60,61]. For patients with pneu-
monia, dehydration more than doubles the risk of medium-term mor-
tality in older adults [62]. For patients undergoing colonic resectioning
and ileostomy, dehydration is a common cause of costly hospital read-
missions [63]. Tools that support fluid intake during these vulnerable
periods have potential to improve outcomes, reduce health care costs,
and extend the lifespan.

Some limitations of the sip” trial should be noted. First, the sample is
delimited to adults because kidney stones are less common in children
and barriers to adherence may differ [64]. Second, this intervention
would not provide a solution for the 15% of adults who do not own a
smartphone [65]. Third, urine output is a proximal surrogate for risk and
recurrence may be influenced by a variety of factors. Thus, supersatu-
rations are assessed as secondary outcomes to provide a more complete
portrait of how sip'’ impacts risk profiles. If sip'” increases urine output,
future work should evaluate the effects of sip’” on radiographic evidence
of stone growth and symptomatic stone recurrence. Finally, follow-up is
limited to one-year but long-term adherence is likely needed to reduce
recurrence risk.

In sum, this trial will provide a rigorous test of a behavioral inter-
vention designed to address barriers to fluid intake identified by patients
with kidney stones. The sip’’ intervention is innovative in its imple-
mentation of a semi-automated tracking system, provision of lapse-
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contingent reminders to drink, and application of negative reinforce-
ment to form habits for frequent fluid intake throughout the day. If
successful, this intervention may be a potential solution for an array of
dehydration-related health problems in addition to reducing risk factors
associated with kidney stone recurrence.
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