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Abstract

Objectives: To evaluate kidney stone patients’ interest in lifestyle behavior modification and a
variety of mobile health (mHealth) technologies to improve adherence to fluid consumption
recommendations for the prevention of nephrolithiasis. Of particular interest was the acceptability
of various intervention components for the design of a stone-specific mHealth technology.

Materials and Methods: Using a cross-sectional design, adult patients with a diagnosis of
kidney stones (N = 94) were recruited from outpatient clinics to complete a three-part
questionnaire.

Results: Patients reported being willing to make lifestyle changes to prevent kidney stones
(97%). The majority of the patients recalled the recommendation to increase fluid intake (93%)
but few monitored their daily fluid intake (30%). Most patients had never installed an app (95%)
or owned a device (100%) to help with increasing fluid consumption, but believed an app or
device could improve their adherence (72%) and would be interested in using an app or device
(86%). The mHealth intervention components most widely perceived as useful included automated
lapse detection with natifications, educational materials, self-monitoring tools, scheduler with
prompts/reminders/notifications, connected water bottles and text message reminders to drink.

Conclusions: Patients are interested in lifestyle behavior change to prevent stones but
technology has not been widely adopted to improve adherence to fluid intake recommendations for
stone prevention. This study identified a number of viable mHealth intervention components that
should be considered when designing a stone-specific mHealth technology to support adherence to
increased fluid consumption recommendations.
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Introduction:

Nephrolithiasis affects an estimated 8.8% of American adults with annual medical care costs
in the United States exceeding $2 billion.1:2 Recurrence rates are as high as 80% within 10
years.3 Prevention requires long-term lifestyle changes and commitment, often in the
absence of immediate rewards or reinforcements to indicate that one is succeeding.* The
American Urological Association recommends increasing fluid consumption to produce at
least 2.5L of urine daily and this strategy is well established as effective for the prevention of
all kidney stone compositions.>~11 Unfortunately, adherence with this simple and
inexpensive recommendation is commonly below 50%.12: 13

Adherence to lifestyle behavior change in daily life can be challenging for patients. The use
of mabile health (mHealth) technology offers a new opportunity to support adherence to
preventive strategies within the context of daily life.14 Such technology, combined with
behavioral science principles, has been used to support a variety of lifestyle behavior
changes, such as smoking cessation, physical activity, and diet modification.15: 16
Technology can also be used to support patients with nephrolithiasis, but any mHealth
interventions must be acceptable to patients for long-term feasibility and maintenance.1”- 18
With the current gap in efficacious stone-specific mHealth technology for increasing fluid
consumption, an opportunity exists to co-design a multicomponent intervention with
patients. The acceptability of intervention components to patients is a prerequisite for their
engagement with a behavioral intervention so co-design should increase intervention
feasibility for subsequent efficacy trials and clinical use.1®

The purpose of this study was to begin that design process by evaluating kidney stone
patients’ interest in lifestyle behavior modification and a variety of mHealth technologies for
increasing fluid consumption to prevent the recurrence of nephrolithiasis. Of particular
interest was the acceptability of various mHealth intervention components to support
adherence to fluid consumption recommendations and whether perceived usefulness varies
as a function of age or sex.

Materials and Methods:

After obtaining approval from our institutional review board, adult patients with a history of
nephrolithiasis were recruited during outpatient clinic visits from October 2016 to February
2017. Patients were excluded if they were under the age of 18 or cognitively impaired. A
total of 110 patients consented to participate and 94 completed the questionnaire (85%) in a
cross-sectional design.

Patients completed a three-part questionnaire, either on paper in clinic or electronically with
the web-based questionnaire service Qualtrics. In section 1 (patient characteristics), patients
reported their demographic characteristics (age, sex, race, ethnicity, height, weight,
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employment status, education) and stone history, including the time since their first stone
(years), time since their most recent stone (years), number of lifetime stone episodes,
number of surgical interventions for a stone, current stone status, and pain intensity during
the most recent episode.

In section 2 (prevention motivation), patients rated their willingness to make lifestyle
changes to prevent kidney stones on a scale ranging from 1 (not at all willing) to 5 (very
willing). Participants were asked which of the following recommendations they received to
prevent a stone recurrence: increase fluid intake, change diet, lose weight, take medication,
and parathyroid surgery (response options: yes, no, unsure). Participants reported whether
they kept track of their daily fluid consumption (response options: yes, no, unsure) and the
number of days/week that they typically adhered to fluid consumption recommendations.
They also reported how frequently they complied with four prevention guidelines (increase
fluid intake, change diet, lose weight, take medication) using response options that included
1 (neven), 2 (sometimes), 3 (about half the time), 4 (most of the time), and 5 (always). Next,
patients ranked a set of factors in the order that they interfered with their ability to meet fluid
consumption recommendations. Reasons included not being thirsty, not having water with
them, forgetting to drink, losing track of time, not being motivated to drink, and other (with
an option to describe any other reason). Participants also had the option of answering that
none of the remaining factors affected their ability to meet fluid consumption
recommendations.

In section 3 (mHealth technology), patients were asked if they owned a smartphone or tablet
computer (response options: yes, no, unsure). Patients who owned smartphones or tablet
computers were asked (a) if they had ever installed an app to prevent recurrence of kidney
stones, (b) if they had ever installed an app to help increase their fluid consumption, and (c)
if they ever owned a connected water bottle that tracked or provided reminders about fluid
consumption (response options: yes, no, unsure). All patients were asked to indicate their
interest in using a new smartphone application or device to aid in complying with fluid
consumption recommendations to prevent kidney stones on a scale ranging from 1 (not at all
interested) to 5 (very interested). They also indicated how likely they thought they were to
use a smartphone application or device on a regular basis to help them comply with
behavioral recommendations to prevent kidney stones. The response scale included 1 (not at
all), 2 (a little likely), 3 (somewhat likely), 4 (mostly likely), and 5 (very likely). Finally,
patients rated the perceived utility of possible components of an intervention for increasing
fluid consumption (listed in Table 2). Each intervention component was described in case
patients were not familiar with it. For example, automated lapse detection was described as
“automated notification triggered by technology that detected a lapse in preventive behavior
(e.g., not drinking enough)”. Online intervention was described as an online community or
forum for patients to share stories, advice, etc. Lapse-contingent calls from clinic were
described as a call from clinic triggered by technology that detected a lapse in preventive
behavior. Social media intervention was described as use of social media connections for
support (e.g. Twitter, Facebook groups).

Descriptive statistics were calculated using IBM SPSS 24.0. Categorical variables were
described by their frequencies, and continuous variables were described by their mean,

Urology. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Streeper et al.

Results:

Page 4

standard deviation, median and range. Pearson correlation coefficients were calculated to
estimate bivariate associations between variables. Multiple logistic and linear regression
models were estimated to evaluate factors that influenced perceptions of intervention utility
and the likelihood of using each mHealth technology. For the logistic regression models, the
Nagelkerke R? was reported to describe the extent to which the predictor variables improved
model fit, and classification accuracy was reported to describe the proportion of the sample
that would be accurately classified by the regression model (= [true positives + true
negatives] / [ true positives + true negatives + false positives + false negatives]). A p value
(adjusted for the number of predictors in each regression model to limit bias) less than .05
was considered to be statistically significant.

There were a total of 94 patients (53% female) with an average age of 51.8+13.9 years
(range 19-77). They were almost exclusively white (96%) and not Hispanic or Latino
(99%). As shown in Table 1, most of the sample population was overweight, full-time
employed, and at least high school educated. Many patients (63%) believed they currently
had kidney stones at the time of the questionnaire with 88% reporting a symptomatic stone
episode within the past year. Most participants had undergone at least one surgery to treat a
stone (77%), with 48% having had multiple surgeries.

Patients were receptive to kidney stone prevention, with almost all participants mostly (15%)
or very interested (77%) in preventing another kidney stone. The majority were mostly
(40%) or very willing (44%) to make lifestyle changes to prevent another stone episode.
Patients were able to recall the following stone prevention recommendations, including:
increase their fluid intake (93%) modify their diet (65%), taking a medication (33%), losing
weight (26%), or having parathyroid surgery (12%). Age, sex, number of stone episodes,
pain severity, number of surgical interventions and presence of a current stone did not
correlate with patient’s interest in lifestyle modification to prevent another stone (p > .05).

The majority of patients recalled the recommendation to increase fluid intake for stone
prevention (93%). Only 30% currently monitored their daily fluid intake, yet participants
believed they adhered to daily fluid consumption recommendations on 4.3 days/week (SD =
2.4, Mdn = 5). Approximately 85% believed that they adhered to increased fluid intake
recommendations at least half of the time. In contrast, only 56% believed they adhered to
diet recommendations, 48% believed they adhered to weight loss recommendations, and
58% believed they adhered to medication recommendations. Figure 1 presents patients’
rankings of reasons for not drinking enough fluids. Not feeling thirsty, forgetting to drink,
and losing track of time were consistently ranked as top reasons for not drinking.

The majority of participants owned smartphones or tablet devices (85%). Among those
participants, very few had ever installed an app to help prevent kidney stones (3%) or to
increase fluid consumption (5%). None of the participants owned a connected water bottle or
other digital devices to support fluid consumption. Despite this limited experience, the
majority of participants (88%) were at least a little interested in using mHealth technology to
increase their fluid consumption. Patients generally (72%) believed that an app or connected
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water bottle would be at least slightly likely to increase their fluid consumption. Most
patients (76%) believed they were at least somewhat likely to use an app or device to aid
with adherence to guidelines for preventing kidney stones. The expected likelihood of using
mHealth technology to prevent the recurrence of kidney stones was regressed on age, sex,
and BMI, A3,87) = 2.79, p< .05, £Z=.09. After adjusting for multiple tests, none of these
predictors were significantly associated with the expected likelihood of using an app or
device.

Table 2 summarizes the proportion of participants who rated possible intervention
components as useful for increasing fluid consumption. The components most widely
perceived as useful included automated lapse detection with notifications, educational
materials, self-monitoring tools, scheduler with prompts/reminders/notifications, connected
water bottles, and text message reminders to drink.

A series of logistic regression models were estimated to evaluate whether perceived
usefulness varied as a function of sex, age, or BMI. As seen in Table 2, women were more
likely than men to rate educational materials, schedulers with prompts/reminders/
notifications, online patient communities/ forums, and social media as being useful. Younger
patients were more likely to rate the connected water bottle as useful. BMI was not
associated with the perceived utility of any mHealth intervention features.

Discussion:

Patients who have experienced a kidney stone almost uniformly report a desire to prevent a
recurrence and a willingness to modify their lifestyle to prevent another stone from forming.
Increasing fluid intake was the lifestyle behavior change that almost all patients were able to
recall and willing to perform. This result corroborates findings from McCauley et al. who
found that patients were more willing to increase fluid intake over dietary or medication
therapy.20 Increasing fluid intake is also the least expensive intervention, and has been
shown to be a cost-effective prevention strategy.?!

Although most patients know that increasing fluid intake reduces the recurrence of stone
disease and are motivated to make lifestyle behavior changes, adherence with these
recommendations remains poor. Khambati et al. reported only 50% adherence to fluid intake
recommendations.!3 In our study, patients self-reported adherence on average 4.3 days per
week, however only one-third monitored their fluid intake on a daily basis. Common barriers
to meeting fluid intake guidelines included: not feeling thirsty, forgetting to drink, and losing
track of time. These barriers aligned with the three stages of barriers previously identified by
McCauley and colleagues: (1) not knowing the benefits of fluid or not remembering to drink,
(2) disliking the taste of water, lack of thirst, and lack of availability, and (3) need to void
frequently and related issues at work or school.20

These findings highlighted the need for new tools to address disease-specific barriers and
improve adherence to fluid intake recommendations. Technology has created new
opportunities to promote behavior change in the natural context of patients’ daily lives. For
example, behavior change techniques can be implemented in smartphone apps to support
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self-monitoring, goal setting, and prompt drinking behavior.1” These apps can also be paired
with connected devices, such as water bottles, to track and provide regular feedback on fluid
intake.22 In the general population, 58% of smartphone users (estimated at 77% of American
adults) had downloaded an mHealth app to support healthy behaviors.23: 24 Yet few patients
in our cohort reported ever installing an app to help prevent kidney stones or to increase
fluid consumption and none reported owning a connected water bottle or other digital device
to support prevention goals. Despite this limited experience, the majority of participants
expressed interest in using mHealth technology to achieve their fluid intake goals and
generally believed that mHealth technology would improve their fluid consumption. These
findings reinforced proposals to develop mHealth interventions to prevent the recurrence of
stones.18 They also highlighted the need to raise patients’ awareness of existing digital tools
they can use to support adherence to fluid consumption guidelines.

This study also identified a number of acceptable intervention components to support
adherence to fluid consumption recommendations. These components included automated
lapse detection with natifications, educational materials, self-monitoring tools, scheduler
with prompts/reminders/notifications, connected water bottles, and text message reminders
to drink. Although little is known about the efficacy of any of these individual components
on increasing fluid consumption, the difficulty of changing lifestyle behaviors suggests that
a multicomponent intervention strategy may be needed. For instance, prior research on
dietary intervention for weight loss has been found to be more effective when they include
techniques based on control theory (e.g., goal setting, self-monitoring of behavior,
behavioral feedback on discrepancy between behavior and goals). 25 Technology can be used
to facilitate the delivery and implementation of evidence-based behavior change techniques
but it is important that the techniques themselves be evidence-based. Behavioral science
theories of adherence should also be considered to ensure that the techniques are
implemented in a sustainable way for long-term behavior change. Fluid consumption
interventions must yield sustained effects to produce their intended clinical impact on stone
prevention. Of course, every component adds expense for payers and burden for patients
without any guarantee that the component increases the effect for the treatment.26 Thus, it
would be helpful to screen individual components to estimate their effects (both with and
without other components) on engagement, hydration, and recurrence before implementing a
potentially expensive and burdensome multi-component treatment.2 Participant engagement
is especially important to consider in this decision-making process because the
disengagement undermines the cost effectiveness of any intervention.?1

Some sub-populations accepted mHealth intervention components more readily than others.
Female patients and, to a much lesser degree, younger patients appear to be especially open
to mHealth interventions and could be targeted in a future trial.28 Patient BMI did not impact
perceptions of acceptability which was surprising given popular beliefs that increasing fluid
consumption can promote satiety and facilitate successful weight management.29: 30
Incorporating components that address patient-identified barriers to adherence and are
acceptable to patients will increase the feasibility of future clinical trials using mHealth tools
for promoting fluid consumption.1?
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This study was based on a relatively homogeneous sample of patients from central
Pennsylvania. Conclusions may not generalize to populations with greater racial, ethnic,
socioeconomic, educational or geographic diversity. All patients in this study were receiving
care at a tertiary center so findings may not generalize to those receiving care in other
healthcare settings. The sample in this study had a higher education level than the general
population with only 3% having less than a high school diploma so findings may not
generalize to those with less education. All data were obtained from patient’s self-reports
and responses about acceptability may not predict actual adoption and engagement. Data
were cross-sectional and do not indicate how perceptions about intervention acceptability
might change over time.

Conclusions:

Patients are interested in making lifestyle behavior changes to prevent kidney stones.
Increasing fluid consumption is a well-known and accepted prevention strategy but few
patients currently make consistent efforts to monitor their fluid intake. Patients with
nephrolithiasis have largely adopted smartphones or tablet computers but few have enlisted
this technology in disease management. In light of evidence that thirst and memory are
insufficient for increasing fluid consumption, mobile technology provides new opportunities
to support patients’ adherence to prevention guidelines. This study identified a number of
viable intervention components that should be considered when designing a disease-specific
mHealth intervention to support adherence to increased fluid consumption
recommendations. Designing interventions with components that patients accept will
increase the feasibility of implementing and evaluating the effects of that intervention on
patient health outcomes.
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Figure 1.
Rankings of barriers for not complying with fluid recommendations.
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Table 1.

Patient Demographics and Stone-Specific Characteristics

n (%)
Sex
Female 50 (53%)
Male 44 (47%)
Weight
Obese 46 (49%)
Overweight 29 (31%)
Normal weight 17 (18%)
Underweight 1(1%)
Employment Status
Full-time 52 (55%)
Retired 23 (25%)
Part-time 11 (12%)
Unemployed 7 (7%)
Prefer not to answer 1(1%)
Education
Less than HS diploma 3 (3%)
HS diploma 23 (25%)
Some college 20 (21%)
Associate’s degree 10 (11%)
Bachelor’s degree 18 (19%)
Master’s degree 13 (14%)
Doctoral or professional degree 7 (8%)
Stone

Characteristics

Time since first stone episode (years)

Time since recent stone episode

(years)
Number stone episodes

Number surgical interventions

Currently have stones, n (%)

8.125.9 (Madn = 8)
1.0+1.7 (Mdn= 0.5)

10.8+18.6 (Mdn= 4)
3.24%8.57 (Mdn=1)

59 (63%)
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Table 2.
Perceived usefulness of intervention components to increase fluid consumption: Sex, age, and BMI-related
differences
Classificatio Odds Ratios (95%
n Cl)
Usefu  Nagelkerk Accuracy Sex Age BMI
I (%) e R? (%0)
Automated lapse detection 0.80 0.97 0.97
and notification 795 07 795 (0.26- (0._93 (O._91
248) 101 1.04)
Educational materials * 1.02 0.98
753 14 76.5 oo 098 (02
(0.08 Z Z
073)  106) 1.05)
Self-monitoring tools 033 1.00 0.98
753 08 753 ©012- ©97 (092
099 104 104
Scheduler w[th o 022* 0.96 0.98
ﬁgompts/remlnders/notlflcatlo 695 29 732 (0.08- (0._92 (O._92
063)  100) 1.04)
Connected water bottle 031 094 094
66.7 27 714 (©o11- (091 (088
0.89) 008  100)
Text message reminders 0.45 0.98 1.01
64.7 08 65.9 18- (©94 (0%
1120 101 1.08)
Online patient * 0.98 1.04
community/forum 435 17 68.2 (%.21?.— (O._95 (O._98
070)  101) 1.10)
Lapse-contingent calls from 033 1.00 0.98
clinic 15 10 59.8 (0.13- (0._97 (O._92
084)  103) 1.03)
Social media 010™* 0.97 1.05
32.1 33 741 (003~ (@9 (098
034) 101 112
Telephone coaching 047 1.00 0.96
228 06 772 ©o16- (096 (089
143y 103

Ak
p< .01

*
p<.05 (all values adjusted for multiple tests)
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