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Abstract: 

 

Urolithiasis is a common and recurrent condition associated with significant clinical and 

economic burden. Despite well-established recommendations regarding fluid intake and 

dietary modification, long-term adherence to preventive measures remains low. In recent 

years, behavioral interventions—particularly those supported by digital technologies—have 

emerged as promising tools to improve adherence and reduce recurrence risk. This narrative 

review summarizes and evaluates current evidence on behavioral interventions used in the 

prevention and treatment of kidney stone disease, including health coaching, reminder 

systems, mobile applications, smart hydration devices, nudging strategies, and structured 

problem solving approaches. The available data indicate that digital and behaviorally 

informed interventions consistently improve short-term fluid intake and 24-hour urine 

volume; however, evidence for sustained reduction in stone recurrence remains limited. 

Large randomized trials suggest that hydration-focused behavioral strategies alone may be 

insufficient to influence long-term clinical outcomes in unselected populations. Future 

research should focus on integrated, personalized interventions combining behavioral support 

with metabolic evaluation, dietary modification, and pharmacotherapy, as well as long-term 

maintenance strategies. Such approaches may offer the greatest potential for reducing 

recurrence and improving quality of life in patients with urolithiasis. 

 

Key words: kidney stone, urolithiasis, urinary stone disease, behavioral intervention, 

behavior change, digital health, health coaching, reminder system, nudge, hydration, fluid 

intake, adherence, recurrence, structured problem solving, mobile app, compliance 

 

 

Introduction 

Urolithiasis (nephrolithiasis) is a condition characterized by the formation of mineral deposits 

within the urinary tract, leading to clinical manifestations such as renal colic, hematuria, 

urinary tract infections, and recurrent renal insufficiency. It is one of the most common 
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diseases of the urinary system, with its clinical and social significance continuing to increase 

[1]. The global prevalence of urolithiasis is currently estimated at 7–13% among men and 4–

7% among women [2]. Over recent decades, a marked increase in incidence has been 

observed, particularly in developed countries and regions with hot climates, which has been 

attributed to lifestyle changes, urbanization, diets high in sodium and animal protein, and 

insufficient fluid intake [3–5]. 

A characteristic feature of urolithiasis is its high recurrence rate. It is estimated that 

approximately 50% of patients experience stone recurrence within 5–10 years after the first 

episode, and up to 75% within 20 years [6]. Recurrent episodes are associated with a 

substantial clinical and economic burden, including the need for hospitalization, repeated 

lithotripsy procedures, an increased risk of infections, and deterioration in quality of life [7]. 

According to analyses of the Global Burden of Disease Study 2023, kidney stone disease 

accounts for an increasing proportion of years lived with disability (DALYs), particularly 

among individuals of working age [8]. 

Contemporary management of urolithiasis includes both interventional approaches (e.g., 

percutaneous nephrolithotomy, ureterorenoscopy, extracorporeal shock wave lithotripsy 

[ESWL]) and conservative strategies aimed at preventing the formation of new stones. 

Primary and secondary prevention play a crucial role in reducing disease recurrence, with key 

recommendations including increased fluid intake, dietary modification, reduction of sodium 

and animal protein consumption, and maintenance of a healthy body weight [9,10]. Despite 

clearly defined guidelines, the effectiveness of these measures in clinical practice remains 

limited, as studies indicate persistently low patient adherence to preventive recommendations 

[11,12]. Many patients fail to maintain the recommended daily fluid intake (≥2.5–3.0 L), and 

the effects of short-term educational interventions often diminish after several months [13]. 

In this context, increasing attention has been directed toward behavioral interventions aimed 

at achieving sustained changes in patients’ health-related behaviors. These strategies include 

health coaching, problem-solving approaches based on cognitive–behavioral models, mobile 

reminders, interventions grounded in “nudge” theory, applications for monitoring fluid 

intake, and gamification [14,15]. The primary objective of these interventions is to enhance 

patient motivation and self-regulation, thereby improving long-term adherence to therapeutic 

recommendations [16]. 



In recent years, the first clinical studies evaluating the effectiveness of such methods in the 

context of urolithiasis have been published. One notable example is the Prevention of Urinary 

Stones With Hydration (PUSH) project—a multicenter, randomized clinical trial 

incorporating a behavioral component based on adaptive reminders and coaching to increase 

fluid intake in patients with kidney stones [17]. The results demonstrated a moderate increase 

in urine volume, although the effect on stone recurrence rates remains a subject of debate 

[18]. In parallel, modern digital interventions, such as mobile applications and smart water 

bottles that track fluid intake (e.g., the sipIT system), have been evaluated and shown to have 

high acceptability and potential for reinforcing healthy habits [19,20]. The literature also 

describes the use of the structured problem solving (SPS) approach as a component of 

behavioral interventions in studies targeting behavior change among patients with urolithiasis 

[21]. 

Despite the growing body of research, there is currently a lack of a comprehensive review 

synthesizing the available evidence on the effectiveness of various behavioral interventions in 

the prevention and treatment of urolithiasis, taking into account both clinical outcomes and 

methodological limitations. 

 

Objective of the Study 

The aim of this narrative review is to evaluate the effectiveness and limitations of behavioral 

interventions used in the prevention and treatment of urolithiasis. Specifically, this review 

seeks to: 

1. Review and classify the types of behavioral interventions applied in patients with 

urolithiasis, including health coaching, reminder systems, mobile applications, 

gamification, and problem-solving strategies; 

2. Assess the available scientific evidence regarding their impact on patient adherence, 

urine volume, stone recurrence, and quality of life; 

3. Identify factors determining the effectiveness of these interventions, as well as existing 

research gaps; 

4. Indicate directions for future research and explore opportunities for implementing 

effective behavioral strategies in clinical practice. 

 



Review Methodology 

Literature Search Strategy 

 

To identify studies addressing behavioral interventions in the prevention and treatment of 

urolithiasis, a systematic literature search was conducted in the PubMed/MEDLINE, Scopus, 

and Web of Science databases. The search covered publications from 2000 to 2025, with the 

most recent update performed in May 2025. In addition, citation tracking and reference list 

screening (“snowballing”) were performed, along with manual searches of key journals in the 

fields of urology and nephrology (Journal of Urology, Urology, BMC Nephrology, American 

Journal of Kidney Diseases, and Nature Reviews Urology). 

The search strategy employed a combination of Medical Subject Headings (MeSH) terms and 

free-text keywords. 

Additional filters were applied to restrict results to studies conducted in humans (Humans), 

adult populations (Adults), and interventional study designs (Randomized Controlled Trial, 

Clinical Trial, Interventional Study). When an excessive number of results was obtained, the 

search strategy was further refined by adding terms such as digital, smart bottle, gamification, 

or mobile health. 

After retrieving the list of publications, titles and abstracts were screened to exclude irrelevant 

studies. Full texts of selected articles were then reviewed and assessed for eligibility according 

to the predefined inclusion and exclusion criteria. 

 

Inclusion and Exclusion Criteria 

Inclusion criteria: 

1. Interventional studies (randomized controlled trials, quasi-interventional studies, pilot 

studies, and before–after designs) with a clearly defined behavioral component (e.g., 

coaching, reminder systems, gamification, nudging strategies, mobile applications, 

structured problem solving). 

2. Population: adult participants (≥18 years) with documented urolithiasis (primary or 

recurrent), in whom the intervention aimed to prevent stone recurrence or improve 

adherence to preventive recommendations. 

3. Studies reporting at least one of the following outcomes: 

a. change in urine volume (e.g., 24-hour urine output), 

b. measures of adherence to recommendations (adherence, compliance), 



c. changes in urinary biochemical parameters (e.g., supersaturation with stone-

forming solutes), 

d. stone recurrence rates, 

e. assessment of quality of life. 

4. Publications in peer-reviewed journals. 

5. Availability of the full text in English or Polish. 

Exclusion criteria: 

• Observational studies, case reports, or case series without an active behavioral 

intervention component. 

• Interventions of an exclusively educational nature (e.g., informational brochures 

without behavioral monitoring). 

• Narrative or review articles (used only for contextual analysis). 

• Lack of quantitative data regarding the effect of the intervention. 

• Animal studies or in vitro models. 

For each included publication, data were extracted on the following variables: author, year of 

publication, country, sample size, type of intervention, duration, clinical and behavioral 

outcomes, and methodological limitations. 

 

 

Studies Included in the Review 

1. Scales CD Jr et al. Prevention of Urinary Stones With Hydration (PUSH): design and 

rationale of a clinical trial. Am J Kidney Dis. 2021;77(6):898–906.e1. — a multicenter 

study with a behavioral component (mobile app, smart bottle, coaching, reminders) 

aimed at maintaining increased hydration in patients with urolithiasis [22]. 

2. Reese PP et al. Using structured problem solving to promote fluid consumption in the 

PUSH trial. BMC Nephrol. 2024;25:183. — description of the methodology for 

implementing the Structured Problem Solving strategy in the PUSH trial, including 

analysis of factors affecting adherence [23]. 



3. Streeper NM et al. Feasibility of mini sipIT behavioral intervention to increase 24-h 

urine volume in kidney stone formers. J Urol. 2023;210(2):355–362. — a pilot project 

of a mobile app with just-in-time reminders and automatic monitoring of diuresis [24]. 

4. Conroy DE et al. Promoting fluid intake to increase urine volume for kidney stone 

prevention: protocol for a randomized controlled trial of the sipIT intervention. 

Contemp Clin Trials. 2024;138:107454. — RCT protocol testing the effectiveness of a 

digital behavioral intervention compared with standard care [25]. 

5. Stout TE et al. A randomized controlled trial evaluating the use of a smart water bottle 

to promote hydration among kidney stone formers. Urology. 2022;164:110–118. — 

RCT evaluating the effectiveness of a smart bottle and behavioral reminders in 

increasing urine volume in patients with urolithiasis [26]. 

 

Discussion of Research Studies, Analysis 

1) Scales CD Jr et al. — PUSH: design & rationale + results presented (AUA 2025) [22, 27, 

28, 29] 

Aim and Study Design 

PUSH is a multicenter, randomized controlled trial (target n≈1642) testing a multicomponent 

behavioral intervention (fluid prescription, adaptive reminders, reward elements, coaching, 

Structured Problem Solving [SPS] module) supported by digital monitoring (smart bottle + 

app) versus standard care. In both arms, fluid monitoring (smart bottle) was provided to 

objectively track behavior. The primary endpoint was symptomatic kidney stone recurrence at 

24 months; secondary endpoints included 24-hour urine volume, stone burden, and symptoms 

[22, 29]. 

Results (Publicly Presented) 

At AUA 2025, the primary results were presented: the intervention increased 24-hour urine 

output relative to baseline, and the difference between study arms remained statistically 

significant up to 24 months. However, there was no significant reduction in symptomatic stone 

recurrence compared with control (approximately 18.6% vs. 19.8%; median follow-up ~738 

days) [27, 28]. Regarding secondary endpoints related to stone burden, no advantage of the 

intervention was observed [27]. 

Quality and Interpretation 

PUSH is highly reliable: randomized design, large sample size, “hard” clinical primary 

endpoint, and event adjudication based on medical records (standardization of self-reported 

recurrences) [29]. The simultaneous smart monitoring in both arms is an advantage (objective 



data), but also creates a “conservative” design: the monitoring itself could have improved 

behaviors in the control group, reducing between-arm differences. 

Limitations and Conclusions 

The lack of benefit in recurrence despite increased urine output suggests that intensifying 

hydration alone may be insufficient in an unselected population. Hypotheses: the need for 

metabolic personalization, longer-term reinforcement of behavioral cues, and targeting urine 

biochemistry/urinary supersaturation (rather than volume alone). PUSH sets a high standard 

and a reference point for future studies. 

 

2) Reese PP et al. — SPS Module in PUSH (Mechanism and Implementation Quality) 

[23] 

Aim and Scope 

The publication describes the implementation of Structured Problem Solving (SPS) as a 

component of the intervention in PUSH: training of coaches, monitoring of fidelity, a catalog 

of barriers (forgetting, lack of access to water, low thirst drive, work schedule), and strategies 

to overcome them (planning, backup plans, environmental modifications) [23]. 

Results (Qualitative Nature) 

The study does not report clinical numbers (recurrences) or “hard” behavioral outcomes (e.g., 

Δ urine output) — it provides a process map: how coaching consistency and quality were 

ensured, what difficulties were encountered (maintaining motivation, time burden, 

heterogeneity of barriers), and how they were addressed [23]. 

Significance 

Reese et al. provide mechanistic context for the PUSH results: they show that implementation 

quality (fidelity), alignment with patient-specific barriers, and continuity of support may 

determine the strength of the effect. This is crucial for interpreting the lack of reduction in 

recurrences in PUSH despite sustained differences in urine output. 

 

 

3) Streeper NM et al. — mini sipIT (Feasibility with Quantitative “Hard” Data) [24] 

Study Design 

Single-arm pilot study (n=26; 77% female; 50.4 ± 14.2 years) in stone formers with <2 L/day 

24-hour urine output. One-month intervention: H2OPal smart bottle + app + just-in-time SMS 



triggered by detected “lapses.” Measurements: 24-hour urine volume (pre/post), usability, 

acceptability [24]. 

Results (Specific Numbers) 

• Usage: >90% used the tools daily. 

• Perception: 85% reported increased fluid intake; 65% reported achieving the target. 

• Urine Output: 1352.7 ± 449.9 mL → 2006.5 ± 980.8 mL; Δ≈+654 mL; t(25)=3.66; 

p=0.001; g=0.78; 73% showed an increase; 42% exceeded the >2 L/day threshold [24]. 

 

Quality and Limitations 

Strong signal for short-term efficacy and high acceptability. Limitations: no control group, 

short duration (1 month), small sample size. No data on stone recurrence. Results should be 

interpreted as evidence of feasibility and potential effectiveness, requiring confirmation in an 

RCT. 

 

4) Conroy DE et al. — sipIT (RCT Protocol with 12-Month Follow-Up) [25] 

Study Design (Planned) 

The sipIT randomized trial: semi-automated tracking (smart bottle + app + gesture sensor), 

just-in-time SMS, versus standard recommendations. Primary outcome: 24-hour urine volume; 

secondary outcomes: urinary supersaturation/parameters, habit automation, behavioral 

outcomes; follow-up up to 12 months [25]. 

Significance 

This trial will test whether a “lighter” digital intervention can maintain increased urine output 

over one year and whether this translates into improvements in urinary biochemistry. Once 

published, the data will allow comparison with PUSH (24 months, multicomponent) and mini 

sipIT (1 month, pilot). 

 

5) Stout TE et al. — Smart Bottle: RCT with Short-Term Outcome Assessment [26] 

Study Design 

RCT in adults with kidney stones and <1.5 L/day urine output. Allocation: DR 

(diet/recommendations) vs. DR + smart bottle (HidrateSpark®) with reminders. 24-hour urine 

measurements at 6 and 12 weeks. Complete 24-hour collections were available for 51/85 

patients [26]. 

Quantitative Results 



Δ urine output (mean): +1.37 L (95% CI −0.51 to 3.25) in the smart bottle arm vs. +0.79 L 

(95% CI −1.15 to 2.73) in DR; p=0.04. 

“Forgetting” barrier: decreased in the smart bottle arm 45.4% vs. 68.4% (p<0.05); in DR, 

change was not significant (40.0% vs. 51.2%, p=0.13) [26]. 

Quality and Limitations 

Strengths: RCT design, objective Δ urine output, measurable effect on the “forgetting” barrier. 

Limitations: data loss (51/85), short follow-up (≤12 weeks), wide confidence intervals. No data 

on stone recurrence. 

 

 

Tabela. Zestawienie kluczowych parametrów i wyników (prace 1–5) 

Study Design N 

(analyzed) 

Interventi

on 

Follow-up Primary 

outcome 

Quantitati

ve Effect 

Long- 

Term 

Quality 

Notes 
PUSH [22, 
27–29] 

RCT, 
multicenter 

≈1642 
(target) 

Coaching 
+ SPS + 

reminders 

+ rewards 
+ smart-

monitoring 

in both 
arms 

24 mo Stone 
recurrence 

↑ urine 
output 

significant; 

recurrence: 
no 

difference 

(18,6% vs 
19,8%) 

Yes (24 
mo) 

Event 
adjudication;

possible 

monitoring 
effect in 

control 

Reese et al. 

[23] 

 SPS 

implement

ation in 
PUSH 

— SPS 

(mechanis

m, fidelity) 

— — — — Mechanistic 

insight; no 

‘hard’ 
numbers 

mini sipIT 

[24] 

Pilot, 

single arm 

26 Smart-

bottle + 
app + just-

in-time 

SMS  

1 mo 24-h urine 

volume 

Δ≈+654 

mL; 
p=0,001; 

73% 

increased; 
42% >2 

L/d 

No High 

acceptability;
no control 

group 

sipIT 
(protocol) 

[25] 

RCT 
(ongoing) 

— Semi-
automated 

tracking + 

just-in-
time SMS  

12 mo 
(planned) 

24-h urine 
volume 

(planned: 
Δ urine 

output, 

urinary 
supersatura

tion) 

Yes 
(planned) 

Expected 
results 

Stout et al. 

[26] 

RCT 85 (51 

complete) 

DR vs DR 

+ smart-
bottle 

6–12 wk 24-h urine 

volume 

+1,37 L vs 

+0,79 L; 
p=0,04; ↓ 

„forgetting

”barrier(p<
0,05) 

No Short follow-

up; data loss 

 

 

 

 

 

 

 

 



Comparison and Synthesis 

1. Short-Term Efficacy 

Both mini sipIT [24] and Stout et al. [26] demonstrated significant increases in 24-hour urine 

output over a short period. In mini sipIT, Δ≈+0.65 L after 1 month (p=0.001), while in the Stout 

RCT, Δ=+1.37 L vs +0.79 L (p=0.04) up to 12 weeks. Additionally, Stout et al. reported a 

reduction in the “forgetting” barrier (p<0.05), highlighting a mechanism of action 

(reminders/monitoring → behavior change). 

Conclusion: Digital and reminder-based interventions are behaviorally effective in the short 

term. 

 

2. Durability of Effects and Clinical Outcomes 

PUSH (24 months): despite sustained differences in urine output, no reduction in stone 

recurrence was observed (18.6% vs 19.8%) [27, 28]. This suggests that increased urine volume 

does not always translate into “hard” clinical outcomes in an unselected population. The sipIT 

RCT [25] (12 months) will be a critical test of the durability of “lighter” digital interventions 

and their effect on urinary supersaturation (more directly related to crystallization risk). 

Conclusion: Long-term strategies with maintenance components and/or metabolic 

personalization are likely required to achieve an effect on recurrence. 

 

3. Methodological Quality and Risk of Bias 

• Randomization and control groups: strong in PUSH and Stout; weaker (pilot) in mini 

sipIT. 

• Monitoring in the control arm (PUSH): reduces measurement bias but may attenuate 

between-arm differences. 

• Data loss (Stout): potential distortion; wide confidence intervals limit precision. 

• Intervention fidelity (Reese): critical for effectiveness, rarely reported in detail 

outside of PUSH [23]. 

 

4. Mechanisms and Effect Moderators 

Interventions mainly act through reminders/monitoring → reduction of forgetting → increased 

fluid intake/urine output [26]. Moderators include personal motivation, access to fluids at work, 

technology preferences, baseline urinary supersaturation, and stone type. Future studies should 

explore subgroup analyses (metabolic phenotypes, behavioral profiles). 



 

5. Generalizability and Implementation 

Digital solutions are acceptable (mini sipIT: high acceptability) [24], but long-term adherence 

may be challenging (alert fatigue). PUSH suggests that even an intensive behavioral 

intervention may not suffice if behaviors are not maintained or if supersaturation and diet are 

not addressed according to patient phenotype. 

 

6. Economic Perspective 

Although no formal cost-effectiveness analyses are available, digital reminders and smart 

bottles are likely cheaper and more scalable than intensive coaching. However, if the ultimate 

goal is recurrence prevention, combining a digital component with targeted pharmacotherapy 

and metabolically guided dietary intervention may be more clinically valuable (hypothesis to 

be tested in future RCTs). 

 

 

Clinical Implications 

• Short-term: Digital tools (smart bottles/apps/just-in-time SMS) effectively increase 

urine output and reduce forgetting, and may be considered as adjuncts to standard 

recommendations. 

• Long-term: To reduce recurrence, fluid-focused interventions alone may be 

insufficient; combining them with metabolic personalization, diet modification (e.g., 

sodium/oxalate/citrate), pharmacotherapy, and reinforcement strategies is advisable. 

• Patient selection: Greatest benefit may be seen in patients with low baseline urine 

output, high urinary supersaturation, and a clear forgetting barrier. 

 

 

Research Agenda 

• Combined RCTs: Digital reminders + coaching + metabolic personalization (based on 

supersaturation/stone type) vs. standard care. 

• Durability: Interventions with ≥24-month follow-up, fading/booster sessions, 

habituation studies to alerts. 

• Head-to-head comparisons: Coaching vs. SMS JIT vs. gamification vs. reward-based 

packages; cost-effectiveness. 



• Subgroups: Shift work, workplace water access, age, sex, metabolic phenotypes. 

• Endpoints: In addition to urine output — supersaturation, 24-hour urine composition, 

hard recurrence, and quality of life. 

• Reporting standards: Routine reporting of fidelity, data loss, and 24-hour urine 

collection standards (weekday/weekend). 

 

 

Discussion 

Interpretation of Findings 

The collected studies consistently indicate that digital behavior-based interventions—smart 

bottles, mobile applications, and just-in-time reminders—are effective in the short-term 

increase of 24-hour urine output in patients with kidney stones. In the mini sipIT pilot, 24-hour 

urine volume increased by approximately 650 mL over one month, and 42% of participants 

exceeded the 2 L/day threshold, providing a clinically meaningful reference point for 

recurrence prevention [24]. In the randomized trial using a smart bottle (HidrateSpark®), the 

increase in urine output in the intervention arm was approximately 1.37 L, greater than in the 

dietary recommendation arm, with an observed reduction in the “forgetting” barrier as a 

mechanism of behavior change [26]. Together, these data demonstrate that monitoring plus 

reminders can meaningfully modify patient behavior. 

The key question, however, is whether this behavioral change translates into “hard” clinical 

outcomes. In the largest long-term RCT to date, PUSH (24 months), the multicomponent 

intervention (coaching, SPS, motivational elements) maintained a statistically significant 

increase in urine output compared with the control group but did not significantly reduce 

symptomatic stone recurrence (18.6% vs 19.8%) [22,27,28]. In other words, while increased 

fluid intake is achievable and maintainable, it alone does not appear sufficient to reduce 

recurrence in an unselected population. This discordance between the surrogate endpoint (urine 

volume) and the clinical outcome (recurrence) suggests that more complex, personalized 

approaches (e.g., targeting urinary biochemistry/supersaturation, stone type, diet, and 

pharmacotherapy) are likely required beyond simply intensifying hydration [22,27–29]. 

From a mechanistic perspective, the publication on SPS within PUSH demonstrates that 

implementation and fidelity of behavioral interventions are critical: identification of individual 

barriers (forgetting, workplace access to fluids, low thirst drive) and tailored strategies are 

necessary. Even with good implementation, increasing urine volume alone may not address 

key determinants of crystallization risk (e.g., sodium, oxalate, citrate, pH) [23]. Increased urine 

volume can also be offset by dietary behaviors or variability in adherence over longer periods. 

 

 



Limitations of Current Evidence 

Key limitations concern study designs and outcome measures. Some studies provide only short-

term data (6–12 weeks, 1 month) or lack a control group (mini sipIT), limiting causal inference 

and assessment of effect durability [24,26]. In the Stout et al. RCT, data loss occurred 

(complete 24-hour collections in 51/85 participants), and wide confidence intervals for urine 

output increases reduce precision [26]. 

In PUSH, smart monitoring was applied in both arms, which improves measurement quality 

but may attenuate between-group differences due to a “monitoring effect” in the control group 

[22,27]. Furthermore, periodic 24-hour collections may not reflect day-to-day variability or 

real-life long-term hydration patterns [22]. Finally, unpublished results from the 12-month 

sipIT RCT prevent assessment of whether a “lighter,” more automated digital intervention can 

sustain effects over one year and influence urinary supersaturation, a more direct indicator of 

crystallization risk [25]. 

 

Discrepancies and Potential Explanations 

On one hand, there is consistent evidence of increased urine output with digital-behavioral 

interventions [24,26]; on the other, there is no reduction in recurrence over a two-year horizon 

in PUSH [27,28]. Several factors may explain this apparent discrepancy: 

• Insufficiency of volume alone: Increased urine output may be insufficient without 

parallel effects on supersaturation (CaOx, UA, CaP), pH, and diet composition (sodium, 

protein, oxalate, citrate). 

• Patient heterogeneity: Different metabolic phenotypes and stone types may require 

distinct strategies (e.g., alkalization for uric acid stones, oxalate reduction for CaOx 

stones); a “one-size-fits-all” approach dilutes the effect. 

• Monitoring effect in controls: If the control group also monitors fluid intake (smart 

bottle), behaviors may improve, reducing between-arm differences [22,27]. 

• Habituation to reminders: Over time, responsiveness to digital cues may decline, 

making sustained adherence challenging without boosters or adaptive strategies. 

• Measurement variability in 24-hour collections: Day-to-day heterogeneity 

(weekday/weekend), incomplete collections, and seasonal differences. 

 

Future Research Directions 

Integrated and Personalized Interventions 
 Future RCTs should test comprehensive packages: (i) digital reminders/monitoring, (ii) 

metabolic personalization (based on 24-hour urine and stone type), (iii) targeted diet and 

pharmacotherapy (e.g., citrate, thiazides), and (iv) maintenance strategies (booster sessions, 



adaptive reminder algorithms). Endpoints should include supersaturation and recurrence, not 

urine output alone. 

Durability and “Fading/Booster” Strategies 
 Multicenter trials with ≥24-month follow-up are needed, incorporating planned fading of 

intervention intensity and boosters to sustain habits and counter alert habituation. 

Head-to-Head Comparisons and Cost-Effectiveness 
 Comparisons of coaching vs. SMS JIT vs. gamification vs. reward-based packages within the 

same population, including cost-effectiveness and acceptability analyses, will help identify 

scalable solutions for healthcare systems. 

Moderators and Subgroups 
 Analyses should identify which patients benefit most: those with low baseline urine output, 

specific supersaturations, defined dietary profiles, or a pronounced “forgetting” barrier 

identified at baseline. 

Standardization of Reporting and Implementation Quality 
 Routine reporting of fidelity (training and supervision of coaches), data loss, 24-hour 

collection quality (days, seasons), and clearly defined clinical thresholds (e.g., urine 

output/supersaturation targets) will improve comparability across studies [23,29]. 

 

Practical Summary 

Digital-behavioral interventions effectively modify behavior and increase 24-hour urine output 

in the short term. To translate this into reduced recurrence, these tools should be combined with 

metabolic personalization, diet, and—if indicated—pharmacotherapy, along with strategies for 

long-term maintenance of habits. The PUSH data highlight that even a well-designed 

intervention does not guarantee reduced recurrence in an unselected population [22,27,28]. 

Future strategies should emphasize intelligent layering (behavior + metabolic personalization 

+ maintenance) and target patients with the highest potential benefit. 

Conclusions 

Summary of Key Findings 

Technology-supported behavioral interventions (smart bottles, mobile apps, just-in-time 

reminders) consistently increase short-term 24-hour urine output in patients with kidney stones. 

In the mini sipIT pilot, Δ≈+0.65 L/24 h over one month [24], and in the smart bottle RCT, the 

intervention outperformed dietary recommendations up to 12 weeks [26]. The largest RCT to 

date, PUSH (24 months), demonstrated sustained differences in urine output but no significant 

reduction in stone recurrence compared with standard care (18.6% vs 19.8%) [22,27,28]. This 



suggests that intensifying hydration alone, even when well-supported behaviorally, may be 

insufficient to impact “hard” clinical outcomes in an unselected population. 

Gaps in Available Evidence 

1. Durability of effects in digital interventions: apart from PUSH (24 months), long-term 

outcomes are not yet published — results from the 12-month sipIT RCT are awaited 

[25]. 

2. Translation to urinary biochemistry (supersaturation, pH, citrate) is reported less 

frequently than urine volume. 

3. Population heterogeneity (stone type, metabolic phenotype) was not systematically 

accounted for in study design or subgroup analyses. 

4. Risk of “monitoring effect”: in some trials (PUSH), the control group also received 

smart monitoring, potentially reducing between-arm differences [22,27]. 

5. Data loss and short follow-up periods (e.g., 6–12 weeks in Stout RCT) limit precision 

and generalizability [26]. 

6. Cost-effectiveness and reporting of intervention fidelity (coach training, 

implementation quality) are limited [23]. 

Future Research Directions 

• Integrated and personalized packages: combine digital tools (monitoring + 

reminders) with metabolic personalization (based on 24-hour urine and stone type), 

targeted diet, and—when indicated—pharmacotherapy (e.g., citrate, thiazides). 

Endpoints should include supersaturation and recurrence, not just urine output. 

• Durability and maintenance: multicenter RCTs with ≥12–24 months follow-up, 

incorporating booster sessions and/or fading of intensity to counteract habituation to 

alerts. 

• Head-to-head comparisons and economics: coaching vs. reminders vs. gamification 

vs. reward systems; cost-effectiveness and acceptability analyses. 

• Moderators of efficacy: identify patients most likely to benefit (low baseline urine 

output, specific supersaturation/stone type, pronounced “forgetting” barrier). 

• Reporting standards: consistent reporting of fidelity, data loss, 24-hour collection 

quality, and subgroup analyses (patient-reported outcomes, quality of life) [23,29]. 

Practical Implications 

• Current actionable steps: In urology clinics, implement simple, low-cost digital 

interventions (reminders/SMS, smart bottle/app) as an adjunct to standard 

recommendations; set SMART goals (e.g., >2–2.5 L/24 h), and perform regular 24-

hour collections to verify effects and motivate patients. 

• Target patients: Greatest benefit is likely in those with low baseline urine output and 

a “forgetting” barrier; reminders are most effective in this group [24,26]. 



• Beyond fluids: To impact recurrence, hydration should be combined with dietary 

modifications (sodium, protein, oxalate, citrate), pH correction, and, if indicated, 

pharmacotherapy — shifting from a “one-size-fits-all” approach to individualized care 

[22,27–29]. 

• Care organization: Consider short-term maintenance interventions (tele-follow-up, 

boosters every 3–6 months), collaboration with dietitians/metabolic stone specialists, 

and integration of digital monitoring as a standard component of patient education and 

follow-up. 

Conclusion 

Behavioral interventions effectively modify behavior (↑ urine output), but translating this into 

reduced stone recurrence requires a broader, personalized strategy and long-term 

reinforcement. The greatest progress will come from studies integrating behavior, metabolic 

management, diet/pharmacotherapy, with endpoints including supersaturation and recurrence, 

alongside implementation of digital solutions in practical, scalable formats. 
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