
References
1. Scales CD, Smith AC, Hanley JM, Saigal CS. Urologic diseases in

America Project. Prevalence of kidney stones in the United States.
Eur Urol. 2012;62:160–165.

2. Sutherland JW, Parks JH, Coe FL. Recurrence after a single renal stone
in a community practice.Miner Electrolyte Metab. 1985;11:267–269.

3. Pearle MS, Goldfarb DS, Assimos DG, et al. Medical management
of kidney stones: AUA guideline. J Urol. 2014;192:316–324.

4. Cheungpasitporn W, Rossetti S, Friend K, Erickson SB, Lieske JC.
Treatment effect, adherence, and safety of high fluid intake for the
prevention of incident and recurrent kidney stones: a systematic
review and meta-analysis. J Nephrol. 2016;29:211–219.

5. Borghi L, Meschi T, Amato F, Briganti A, Novarini A, Giannini
A. Urinary volume, water and recurrences in idiopathic calcium
nephrolithiasis: a 5-year randomized prospective study. J Urol.
1996;155:839–843.

6. Fink HA, Akornor JW, Garimella PS, et al. Diet, fluid or supplements
for secondary prevention of nephrolithiasis: a systematic review and
meta-analysis of randomized trials. Eur Urol. 2009;56:72–80.

7. Taylor EN, Curhan GC. Diet and fluid prescription in stone disease.
Kidney Int. 2006;70:835–839.

8. Pak CYC, Sakhaee K, Crowther C, Brinkley L. Evidence justifying a
high fluid intake in treatment of nephrolithiasis. Ann Intern Med.
1980;93:36–39.

9. Van Drongelen J, Kiemeney LA, Debruyne FM, de la Rosette JJ.
Impact of urometabolic evaluation on prevention of urolithiasis: a
retrospective study. Urology. 1998;52:384–391.

10. Khambati A, Matulewicz RS, Perry KT, Nadler RB. Factors associ-
ated with compliance to increased fluid intake and urine volume fol-
lowing dietary counseling in first-time kidney stone patients.
J Endourol. 2017;31:605–610.

11. McCauley LR, Dyer AJ, Stern K, Hicks T, Nguyen MM. Factors
influencing fluid intake behavior among kidney stone formers.
J Urol. 2012;187:1282–1286.

12. Conroy DE, Dubansky A, Remillard J, et al. Evaluation of behavior
change techniques in commercially-available mobile applications to
promote fluid consumption in patients with urolithiasis. Urology.
2017;99:33–37.

13. Borofsky MS, Dauw CA, York N, Terry C, Lingeman JE. Accuracy
of daily fluid intake measurements using a "smart" water bottle. Uro-
lithiasis. 2018;46:343–348.

14. Stevens DJ, McKenzie K, Cui HW, Noble JG, Turney BW. Smart-
phone apps for urolithiasis. Urolithiasis. 2015;43:13–19.

15. Piwek L, Ellis DA, Andrews S, Joinson A. The rise of consumer
health wearables: promises and barriers. PLoS Med. 2016;13:1–8.

16. Dunn J, Runge R, Snyder M. Wearables and the medical revolution.
Per Med. 2018;15:429–448.

17. Haghi M, Thurow K, Stoll R. Wearable devices in medical internet
of things: scientific research and commercially available devices.
Healthc Inform Res. 2017;23:4–15.

18. Dias D, Paulo Silva Cunha J. Wearable health devices-vital sign
monitoring, systems and technologies. Sensors. 2018;18. pii:
E2414.

19. Streeper NM, Lehman K, Conroy DE. Acceptability of Mobile
health technology for promoting fluid consumption in patients with
nephrolithiasis. Urology. 2018;122:64–69.

20. Kok DJ. The preventive treatment of recurrent stone-formation:
how can we improve compliance in the treatment of patients with
recurrent stone disease? Urolithiasis. 2016;44:83–90.

21. Osbeck LM. Scientific reasoning as sense-making: Implications for
qualitative inquiry. Qual Psychol. 2014;1:34–46.

22. Patton MQ. Qualitative Research and Evaluation Methods. 4th ed.
Thousand Oaks, CA: Sage; 2015.

23. Lotan Y, Jimenez IB, Lenoir-Wijnkoop I, et al. Increased water intake
as a prevention strategy for recurrent urolithiasis: major impact of
compliance on cost-effectiveness. J Urol. 2013;189:935–939.

24. Tarplin S, Monga M, Stern KL, McCauley LR, Sarkissian C,
Nguyen MM. Preditors of reporting success with increased fluid
intake among kidney stone patients. Urology. 2016;88:49–56.
UROLOGY 133, 2019
25. Tasian GE, Ross M, Song L, et al. Ecological momentary assessment
of factors associated with water intake among adolescents with kid-
ney stone disease. J Urol. 2019;201:606–614.

26. Chiu MC, Chang SP, Chang YC, et al. Playful bottle: a mobile
social persuasion system to motivate healthy water intake. In: Pro-
ceedings of the 11th international conference on Ubiquitous computing.
2009185–194.

27. Mengistu Y, Pham M, Do HM, Sheng Q. Autohydrate: A wearable
hydration monitoring system. Intell Robot Syst. 2016:1857–1862.

28. Kullgren KA, Scholl P, Kidwell KM, Hmiel SP. Using an interactive
water bottle to target fluid adherence in pediatric kidney transplant
recipients: a pilot study. Pediatr Transplantation. 2015;19:35–41.

29. Chun, K.S., Sanders, A.B., Adaimi, R., Streeper, N., Conroy, D.E.,
& Thomaz, E. (in press). Towards a generalizable method for detect-
ing fluid intake with wrist-mounted sensors and adaptive segmenta-
tion. Proceedings of the 2018 ACM Conference on Intelligent User
Interfaces (IUI ’19). ACM, New York.

30. Lack R. The importance of user-centered design; exploring findings
and methods. J Arch Organ. 2007;4:69–86.
EDITORIAL COMMENT
This is a well-designed study that explores the challenge we face
in improving fluid intake for our kidney stone patients. The
authors offer a patient-centric vantage in defining the barriers
to adherence and strategies that might improve them. Various
approaches have been used in the past with limited success, but
herein lies a unique opportunity to improve behavior by amalgam-
ating input from the patient perspective with currently available
technology. As discussed in the paper, external cues or prompts
have proven benefit in helping patients improve their fluid intake.
However, currently used devices for this purpose such as smart
water bottles, have several limitations that preclude consistent
use. Perhaps rightfully so, the idea that a wearable device can trig-
ger appropriate fluid intake based on behavioral cues or preprog-
rammed goals is more appealing, as it gives 1 more freedom and
flexibility while providing a more robust platform that can incor-
porate intake from multiple sources. An important caveat to con-
sider, based on our own ongoing work in this area, is that while
digital technology might be appealing, stand-alone devices inde-
pendent of requisite smartphones might prove to be more inclu-
sive—as we have found many patients such as the elderly do not
own or use smartphones. Nonetheless, it is incumbent on the cli-
nician to encourage the use of whatever evidence-based device or
tool that can improve adherence and potentially reduce risk of
stone recurrence. Some caution should be used in extrapolating
data from this specific focus group as participation bias might over-
look socioeconomic, age, and cultural barriers; accordingly, it
might be helpful to expand this focus group model across sites to
capture more diverse perspectives. The main takeaway from this
study is that patients are initially motivated, however, currently
available resources for kidney stone formers are not sufficient to
yield sustainable behavioral modification. Accordingly harnessing
smart technology with patient-specific feedback is a logical next
step and further development in this area must be encouraged.

Sri Sivalingam, Glickman Urological and Kidney Institute,
Cleveland Clinic, Cleveland, OH
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